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Question # 1

A 64-year-old man comes to the physician because of a 1-month history of progressively worsening
back pain that wakes him up at night. He also reports symptoms of urinary urgency and a weak urine
stream. He has no history of serious illness and takes no medications. Rectal examination shows an
enlarged and hardened prostate with a nodular surface. After further evaluation and confirmation of the
diagnosis, he is started on a new drug. Initially, there is an increase in serum testosterone and
dihydrotestosterone levels, followed by a sustained decrease in both serum hormone levels. Treatment
with which of the following drugs was most likely initiated in this patient?

Answer Image

A || Leuprolide

B || Flutamide

C Finasteride

D || Ketoconazole

E || Cyproterone acetate

F Anastrozole
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Hint

When administered continuously, this drug can be used in the treatment of advanced prostate cancer.
When administered in a pulsatile fashion, it can be used to treat infertility in women.
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Correct Answer
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The initial increase in serum testosterone and dihydrotestosterone may stimulate prostate cancer
growth and, as a consequence, worsen symptoms. To prevent a transient flare of prostate cancer-
related symptoms, GNRH receptor agonists are usually combined with antiandrogens like flutamide
or bicalutamide, which counteract the effects of elevated androgen levels.

Leuprolide is a long-acting GnRH agonist that is commonly used to treat androgen-sensitive prostate
cancer. When administered continuously, it causes downregulation of the GnRH receptor in the
pituitary, with a subsequent decrease in FSH and LH secretion. This manifests as an initial increase
in serum testosterone and dihydrotestosterone levels during the first few weeks of therapy, secondary

to transiently increased gonadotropins, followed by a sustained decrease in both hormones.
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B - Flutamide

Explanation Why

Flutamide is a non-steroidal antiandrogenic drug that competitively inhibits testosterone and
dihydrotestosterone binding at the androgen-receptor complex. Flutamide would be expected to
cause a sustained increase in the serum testosterone level, due to the inhibition of the negative
feedback of testosterone on the hypothalamus and pituitary. This patient's initial increase and
subsequent decrease of testosterone is not consistent with flutamide use.

C - Finasteride

Explanation Why

Finasteride is a 5-alpha-reductase inhibitor that blocks the conversion of testosterone to
dihydrotestosterone (DHT) and is commonly used to treat benign prostatic hyperplasia and
androgenic alopecia. Lower levels of DHT leads to decreased prostatic growth and increased
prostatic apoptosis. The use of finasteride could cause an increase in serum testosterone levels
(because it causes less testosterone to be converted to DHT), but it would not explain the concurrent
increase in DHT seen in this patient.

D - Ketoconazole

Explanation Why

Ketoconazole is an antifungal agent that inhibits adrenal androgen synthesis and has direct cytotoxic
effects on prostate cancer cells. However, it would not cause an initial increase in the levels of serum
testosterone and dihydrotestosterone, as seen in this patient. In fact, serum testosterone levels would

decline rapidly within the first 24 hours of initiating the therapy.
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E - Cyproterone acetate

Explanation Why

Cyproterone acetate is a steroidal antiandrogenic drug that inhibits binding of dihydrotestosterone to
the androgen receptor as well as LH secretion. It is used as a palliative treatment in patients with
advanced prostate cancer. It would cause a decrease in testosterone levels (due to LH inhibition),
without the initial increase seen in this patient.

F - Anastrozole

Explanation Why

Anastrozole is an aromatase inhibitor that is used to treat estrogen receptor-positive breast cancer in
postmenopausal women. Anastrozole may cause an increase in serum testosterone (due to decreased
conversion to estradiol) but would not be expected to cause a sustained decrease. Additionally, this
patient, who has prostate cancer, does not have any indications for anastrozole therapy.
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Question # 2

A 69-year-old man comes to the physician because of a 1-week history of blood in the urine and fatigue.
He also has had a 5.0-kg (11-1b) weight loss during the past month. Physical examination shows pallor
and cachexia. A nontender right flank mass is palpated. A CT scan of the chest, abdomen, and pelvis
shows a 5-cm right upper pole renal mass and several pulmonary lesions. A biopsy specimen of an
affected area of the lung is obtained. A photomicrograph of the biopsy specimen is shown. Molecular

evaluation of the specimen is most likely to show which of the following genetic changes?
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A || NFI gene inactivation

B || PKDI gene mutation
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Answer

Image

VHL gene deletion

MYCL1 gene amplification

TSC1 gene insertion

WT]1 gene deletion
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Hint

Fatigue, hematuria, weight loss, and a palpable renal mass are highly suggestive of renal cell carcinoma
(RCC). The lung is a common site of metastasis.
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Correct Answer

A - NF1 gene inactivation

Explanation Why

NF1 gene inactivation causes neurofibromatosis type 1. This condition classically manifests with
café au lait spots, neurofibromas, and Lisch nodules, all of which are absent in this patient.
Additionally, renal and pulmonary involvement is uncommon. Patients with neurofibromatosis type 1
have an increased risk of optic gliomas and pheochromocytoma, but not RCC.

B - PKD1 gene mutation

Explanation Why

PKDI gene mutations are the most common cause of autosomal dominant polycystic kidney disease
(ADPKD). Typical disease manifestations include enlarged kidneys (due to extensive bilateral renal
cysts), hepatic cysts, and chronic hypertension, which are absent in this patient. The incidence of
RCC in patients with ADPKD does not appear to be increased compared with the general population.
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Image

Explanation But

For diagnosis of localized RCC, total/partial nephrectomy is preferred over tissue biopsy, as it allows
the diagnosis to be definitively established and is an effective treatment option that minimizes the
risk of bleeding and tumor seeding. In patients with suspected metastases, a biopsy of the
(suspicious) metastatic lesion is necessary for establishing the diagnosis and to confirm the stage of
cancer.

Explanation Why

Deletions of the VHL tumor suppressor gene are a common cause of both sporadic and familial renal
cell carcinoma (RCC). Most cases of RCC are sporadic, although a small percentage are associated
with VHL gene deletions in hereditary disorders such as von Hippel-Lindau disease. Histologic
examination of tissue shows polygonal cells with clear cytoplasm due to the accumulation of lipids
and carbohydrates (clear cells). Gross specimens often appear yellow as a result of high lipid content.
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D - MYCL1 gene amplification

Explanation Why

MYCLI gene amplification is implicated in the pathogenesis of lung cancer (especially small cell
lung cancer). This patient's signs, symptoms, and histologic findings suggest a diagnosis of clear cell
RCC. The presence of multiple pulmonary lesions on CT scan represents metastatic disease, not
primary lung disease. Also, MYCL1 amplification does not play a role in the pathogenesis of RCC.

E - TSC1 gene insertion

Explanation Why

ISCI gene insertions cause tuberous sclerosis (TSC), which commonly manifests with renal
angiomyolipomas and can affect the lungs. However, TSC causes diffuse, interstitial pulmonary
fibrosis, not discrete lesions. Additionally, TSC typically also manifest with intellectual disability,
epilepsy, and skin findings such as ash-leaf spots, shagreen patches, or angiofibromas which are not
seen in this patient. Less than 5% of patients with TSC develop RCC.

F - WT1 gene deletion

Explanation Why

WTI gene deletion is associated with the development of Wilms tumor, which can present with a
palpable, unilateral flank mass, hematuria, and pulmonary metastases, as seen in this patient.
However, histologic examination of Wilms tumor typically shows embryonic glomerular structure,
not clear cells. Additionally, this tumor rarely occurs in the adult population.
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Question # 3

A 48-year-old man comes to the physician because of a 2-day history of fever, flank pain, and
hematuria. He has chronic back pain, for which he has been taking meloxicam for the past 2 weeks. His
temperature is 38.9°C (102°F). Physical examination shows a diffuse maculopapular rash over his trunk
and extremities. Urinalysis shows 10—-15 RBC/hpf, 20 WBC/hpf, and numerous eosinophils. Histologic
examination of a kidney biopsy specimen is most likely to show which of the following findings?

Answer

Image

A || Tubular crystal precipitation

B || Mesangial IgA deposition

C || Glomerular crescent formation
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Answer

Tubular cells with clear cytoplasm

Interstitial T-cell infiltration

Papillary necrosis

Cortical cyst formation

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Hint

This patient's presentation (2-day fever, flank pain, maculopapular rash) and urine abnormalities

(hematuria, sterile pyuria, eosinophiluria) are consistent with a hypersensitivity reaction, most likely due
to his NSAID intake (meloxicam).
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Correct Answer

A - Tubular crystal precipitation

Explanation Why

Tubular crystal precipitation is seen in crystal-induced AKI. It is caused by low-solubility drugs (e.g.,
acyclovir, indinavir, ciprofloxacin, methotrexate) that precipitate in the renal tubule, causing
obstruction of normal urine flow and damage to renal tubular cells. Although asymptomatic in most
patients, crystal-induced AKI can sometimes manifest with flank pain and acute onset of hematuria,
as seen here. However, this patient's meloxicam use (not a low-solubility drug), eosinophiluria, and
rash are inconsistent with crystal-induced AKI.

B - Mesangial IgA deposition

Image
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Explanation Why

Deposition of IgA in the mesangium is consistent with IgA nephropathy. Clinical features include
hematuria, pyuria, flank pain, and low-grade fever, as seen in this patient. However, IgA nephropathy
is most commonly preceded by a respiratory or gastrointestinal infection. In addition, IgA
nephropathy is not associated with a maculopapular rash or eosinophiluria.

C - Glomerular crescent formation

Explanation Why

Glomerular crescent formation is a feature of rapidly progressive glomerulonephritis (RPGN), which
can present with acute onset of hematuria, pyuria, and flank pain, as seen in this patient. However, it
is also associated with anuria, edema, and acanthocytes and RBC casts on urinalysis. In addition,
RPGN is inconsistent with this patient's maculopapular rash or eosinophiluria.

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

D - Tubular cells with clear cytoplasm

Explanation Why

Tubular cells with clear cytoplasm are seen in clear cell carcinoma, the most common type of renal
cell carcinoma (RCC). RCC can also present with fever, painless hematuria, and flank pain.
However, RCC is inconsistent with the maculopapular rash, pyuria, and eosinophiluria seen in this
patient. Furthermore, this patient lacks additional characteristic findings of RCC, such as
hypertension, weight loss, fatigue, night sweats, and a palpable abdominal mass.

Explanation Why

Diffuse interstitial T-cell and monocyte infiltration is seen in allergic interstitial nephritis (AIN), a
hypersensitivity reaction that can occur days to weeks after the initiation of NSAIDs, such as
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meloxicam. Drugs that act as haptens (e.g., NSAIDs, antibiotics) have the ability to elicit an
uncontrolled immune response and acute kidney injury.

F - Papillary necrosis

Explanation But

Other causes of renal papillary necrosis include sickle cell disease, pyelonephritis, and diabetes
mellitus.

Explanation Why

Renal papillary necrosis is characteristic of analgesic nephropathy (e.g., prolonged use of NSAIDs
and/or acetaminophen). Although analgesic nephropathy can also present with hematuria and flank
pain, it is usually due to chronic analgesic use. This patient's maculopapular rash and eosinophiluria
are inconsistent with papillary necrosis.
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G - Cortical cyst formation

Image

Explanation Why

Cortical and medullary cyst formation is seen in autosomal dominant polycystic kidney disease
(ADPKD). It results from a mutation in the PKD-1 gene, on chromosome 16, which encodes for
polycystin. This patient's age, flank pain (caused by cyst rupture or UTI), and pyuria raise concern
for ADPKD. However, ADPKD is associated with chronic renal failure, hypertension, and recurrent
urinary tract infections. In addition, ADPKD is inconsistent with this patient's maculopapular rash or
eosinophiluria.
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Question # 4

A 71-year-old man with Hodgkin lymphoma is admitted to the hospital with lower back pain and no
urine output over the last 12 hours. Physical examination shows inguinal lymphadenopathy. There is no

suprapubic fullness or tenderness. Serum creatinine is elevated compared to 1 week prior. A

contrast-enhanced CT scan of the abdomen shows retroperitoneal fibrosis, bilateral hydronephrosis, and
a collapsed bladder. Which of the following is the most appropriate next step in the treatment of this

patient?

Answer

Image

Place a urethral catheter

B || Perform ureteral stenting "
C || Initiate oxybutynin therapy
D || Place a suprapubic catheter
E || Initiate tamsulosin therapy

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Hint

This patient's bilateral hydronephrosis and an empty bladder suggest urinary tract obstruction at the level
of the ureters.
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Correct Answer

A - Place a urethral catheter

Explanation Why

A urethral catheter can be used to bypass a lower urinary tract obstruction (e.g., due to BPH, urethral
mass, urethral stricture). Because this patient's empty bladder suggests obstruction at the level of the
ureters, a urethral catheter would not resolve the obstruction.

Image
Abdominal aorta &
inferior vena cava
Kidrney
Renal artery & vein
Renal pelvis
Testicular artery & vein
Ureter Commaon iliac artery & vein
Was deferens - External iliac artery & vein
Urinary bladder
Urethra
Explanation Why

First-line management of uncomplicated upper urinary tract obstruction is placing ureteral stents to
relieve the obstruction. Common causes of upper urinary tract obstruction include traumatic injury,
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instrumentation, malignancy, infection, congenital obstruction, and retroperitoneal fibrosis (which
this patient has). Further evaluation and treatment of the underlying cause are indicated once the
acute obstruction has been resolved.

C - Initiate oxybutynin therapy

Explanation Why

Oxybutynin is a muscarinic antagonist commonly used for the treatment of spastic bladder. This
patient's anuria and acute kidney injury suggest urinary tract obstruction, rather than spastic bladder.
Furthermore, oxybutynin can cause urinary obstruction and would be contraindicated in this patient.

D - Place a suprapubic catheter

Explanation Why

Suprapubic catheterization may be used to resolve a complicated lower urinary tract obstruction. A
catheter is inserted through the abdominal wall above the pubic symphysis directly into the bladder.
This patient's obstruction is proximal to the bladder, as noted by a lack of suprapubic fullness and a
collapsed bladder on CT; drainage of the bladder would not resolve the obstruction.

E - Initiate tamsulosin therapy

Explanation Why

Tamsulosin is an alpha-1 antagonist frequently used in the treatment of BPH, a common cause of
lower urinary tract obstruction and chronic kidney disease in elderly men. This patient's anuria and
elevated creatinine are suggestive of acute kidney injury and his empty bladder on imaging suggests
upper urinary tract obstruction due to ureteral compression. Tamsulosin would not be helpful in this
situation.
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Question # 5

Three days after starting a new medication, a 66-year-old woman with resistant hypertension and
hyperlipidemia comes to the doctor because of decreased urination. She denies dysuria, fevers, or chills.

Blood pressure is 133/67 mm Hg. Physical examination shows no abnormalities. Compared to

measurements from one week ago, the glomerular filtration rate is markedly decreased and plasma renin
activity is elevated. A duplex ultrasound of the kidneys shows increased systolic flow velocity in both
renal arteries when compared to the aorta. Which of the following drugs is the most likely cause of this
patient's worsening renal function?

Answer

Image

A || Furosemide

B || Spironolactone

C || Hydrochlorothiazide

D || Enalapril

E Atenolol
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Hint

This patient's duplex ultrasound shows findings consistent with renal artery stenosis, which manifests
with increased flow velocity from the narrowed artery.
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Correct Answer

A - Furosemide

Explanation Why

Furosemide is a loop diuretic that acts on the ascending loop of Henle. Although diuresis may
decrease the glomerular filtration rate, it does not augment the activity of renin.

B - Spironolactone

Explanation Why

Spironolactone acts on the distal convoluted tubules. It does not directly reduce glomerular filtration
rate or increase the activity of renin.

C - Hydrochlorothiazide

Explanation Why

Hydrochlorothiazide is a diuretic that acts on the proximal portion of the distal convoluted tubules.
Although diuresis may decrease the glomerular filtration rate, it does not increase the activity of
renin.
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Image
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Explanation Why

ACE inhibitors like enalapril inhibit efferent arteriole constriction, which can lead to a decrease in
the GFR and acute kidney injury, as seen here. Patients with bilateral renal artery stenosis are
especially susceptible to this effect, as the kidneys rely on efferent arteriole constriction to maintain
the GFR. Angiotensin II receptor blockers (ARBs) work in a similar fashion. Therefore, both ARBs
and ACEIs are relatively contraindicated in patients with bilateral renal stenosis.

E - Atenolol

Explanation Why

Atenolol is a selective beta blocker that is used to treat hypertension. Beta blockers do not exhibit a
marked effect on glomerular filtration rate and should decrease, not increase, renin activity at normal
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doses.
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Question # 6

A 2-year-old girl with recurrent urinary tract infections is brought to the physician for a follow-up
examination. Renal ultrasound shows bilateral dilation of the renal pelvis. A voiding cystourethrography
shows retrograde flow of contrast into the ureters during micturition. Histologic examination of a kidney
biopsy specimen is most likely to show which of the following findings?

Answer Image

Diffuse
interstitial

A || infiltration
with T
lymphocytes

Glomerular
crescents
with
macrophages

Matrix
expansion

C || with
mesangial
proliferation
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Answer

Image
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Hint

This patient presents with bilateral hydronephrosis and recurrent urinary tract infections secondary to
vesicoureteral reflux.
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Correct Answer

A - Diffuse interstitial infiltration with T lymphocytes

Explanation Why

Diffuse interstitial infiltration with T lymphocytes can be seen in tubulointerstitial nephritis, which is
most commonly caused by a hypersensitivity reaction to drugs (e.g., NSAIDs). It typically presents
with fever, hematuria, flank pain, and eosinophiluria (acute tubulointerstitial nephritis), or low-grade
proteinuria and progressive CKD (chronic tubulointerstitial nephritis).

B - Glomerular crescents with macrophages

Explanation Why

Glomerular crescents, macrophages, and monocytes are common kidney biopsy findings in rapidly
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progressive glomerulonephritis (RPGN), which presents as nephritic syndrome and acute renal
failure.

C - Matrix expansion with mesangial proliferation

Explanation Why

Matrix expansion with mesangial proliferation secondary to [gA-based immune complex deposition
is a characteristic finding in patients with IgA nephropathy, which typically presents as episodes of
hematuria associated with upper respiratory tract or gastrointestinal tract infections.
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Image
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Explanation Why

Cortical thinning with tubular atrophy is seen in patients with hydronephrosis. Chronic retrograde
urine flow increases pressure within the nephron lumen and subsequently compresses adjacent blood
vessels. Decreased blood flow through these vessels results in decreased renal perfusion and
eventually atrophy of the renal cortex and medulla. Serum analysis in this patient will most likely
show elevated serum creatinine levels, as both kidneys are affected.

E - Thickened glomerular capillary loops

Explanation Why

Prominent glomerular capillary loops due to thickening of the glomerular basement membrane are
seen in membranous nephropathy, which typically occurs among adults and presents as nephrotic
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Grade |l +
Flattening of pa
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syndrome.
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Question # 7

A 57-year-old man comes to the physician with a 3-month history of right flank pain. Urinalysis shows
60 RBC/hpf. Renal ultrasound shows a 3 cm, well-defined mass in the upper pole of the right kidney. A
photomicrograph of a section of the resected mass is shown. Which of the following is the most likely

diagnosis?

Answer

A || Clear cell renal carcinoma
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Answer

Transitional cell carcinoma

Oncocytoma

Nephroblastoma

Chromophobe renal cell
carcinoma
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Answer

Angiomyolipoma
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Hint

This man’s biopsy shows large polygonal cells with eosinophilic, granular cytoplasm without
perinuclear clearing.
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Correct Answer

A - Clear cell renal carcinoma

Image
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Explanation Why

Clear cell renal carcinoma is the is the most common histological variant of renal cell carcinoma (~
80% of all cases). On histology, these cells show clear cytoplasm under staining due to glycogen- or
lipid-filled cytoplasm, which differs from this specimen.
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B - Transitional cell carcinoma

Image

Explanation Why

Transitional cell carcinoma, while more typically a tumor of the bladder, can originate in the renal
calyces or renal pelvis and cause flank pain and hematuria. However, the histological examination
would show multiple frondlike papillary projections with dysplastic urothelium, which are not the
findings in this specimen.
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Image

Explanation Why

An oncocytoma is the most likely diagnosis in this patient who presents with symptoms of a renal
tumor (painless hematuria, flank pain) and evidence of oncocytes on histopathology.
Macroscopically, oncocytomas appear as well-circumscribed tumors with a central scar.
Oncocytomas are often completely resected to definitively exclude the possibility of malignancy.

https://t.me/USMLEAmMboss https://t.me/USMLEAmbOSS


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

D - Nephroblastoma

Image

Explanation Why

Nephroblastoma (Wilms tumor) consists of embryonic glomerular structures and may include cysts,
hemorrhage, or necrosis. It also typically has a pseudocapsule. Additionally, this is a malignancy that
presents almost exclusively in children.

E - Chromophobe renal cell carcinoma

Explanation Why

Chromophobe renal cell carcinoma is identified on histology by large, polygonal cells with a
prominent cell membrane, similar to the sample from this patient. However, chromophobe renal cell
carcinoma is differentiated by the presence of perinuclear halos, which are absent here.
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F - Angiomyolipoma

Explanation Why

Angiomyolipoma would present on histology with abnormal blood vessels with thickened walls,
spindle smooth muscle-like cells, and adipose tissue, none of which are seen in this specimen.
Angiomyolipoma can present sporadically as solitary, unilateral tumors, or as part of a diagnosis of
tuberous sclerosis.
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Question # 8

A 68-year-old man comes to the physician for a follow-up examination. He has type 2 diabetes mellitus,
hypertension, and chronic kidney disease. Medications include insulin, metoprolol, and atorvastatin.

Physical examination shows pitting edema of both ankles. Serum creatinine concentration is 4.5 mg/dL.
Which of the following sets of serum findings is most likely in this patient?

Parathyroid hormone (PTH) || Vitamin D || Calcium | Phosphorus
A || Decreased increased increased || increased
B || Increased decreased decreased || increased
C || Increased decreased increased | decreased
D || Increased decreased decreased | decreased
E || Decreased decreased decreased || increased

Answer || Image
Al A
B | B
C| C
D| D
E || E
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Hint

Patients with chronic kidney disease (CKD) have decreased activity of the 1-alpha-hydroxylase enzyme.
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Correct Answer

Explanation Why

Decreased PTH and elevated vitamin D, calcium, and phosphate levels are consistent with vitamin D
toxicity. Excess vitamin D (e.g., exogenous supplementation) increases intestinal absorption of
calcium and phosphate, which in turn inhibits PTH secretion. A patient with CKD is unlikely to have

vitamin D toxicity.

Explanation Why

CKD is associated with vitamin D deficiency due to decreased 1-alpha hydroxylase activity. By
reducing intestinal absorption of calcium, vitamin D deficiency also causes low calcium levels,
which in turn stimulates the secretion of PTH, leading to secondary hyperparathyroidism. Although
high levels of PTH normally stimulate renal reabsorption of calcium and excretion of phosphate,
phosphate excretion is impaired in CKD, resulting instead in hyperphosphatemia. Other laboratory
abnormalities in patients with CKD include hyperkalemia and metabolic acidosis.

C-C

Explanation Why

Elevated PTH and calcium levels and decreased vitamin D and phosphate levels are consistent with
primary hyperparathyroidism. High levels of PTH increase bone turnover as well as renal calcium
reabsorption and phosphate excretion. Vitamin D decreases in response to elevated calcium levels.
Although CKD is associated with vitamin D deficiency, concurrent renal tubular dysfunction would
result in a different constellation of laboratory findings.
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D-D

Explanation Why

Elevated PTH and low vitamin D, calcium, and phosphate levels are consistent with vitamin D
deficiency. Decreased levels of vitamin D lead to hypocalcemia, which stimulates PTH secretion.
High levels of PTH, in turn, stimulate renal phosphate excretion, leading to hypophosphatemia.
Although CKD is associated with vitamin D deficiency, renal tubular dysfunction would result in a
different constellation of laboratory findings.

Explanation Why

Increased phosphate levels and decreased PTH, vitamin D, and calcium levels are consistent with
primary hypoparathyroidism. Low PTH levels lead to hypocalcemia and hyperphosphatemia.
Vitamin D is usually low (or normal) because low PTH levels do not stimulate renal vitamin D
production. CKD typically causes a different parathyroid gland disorder.
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Question # 9

A 56-year-old man is brought to the emergency department by his wife for fatigue and progressively
worsening confusion. He has hypertension and chronic kidney disease that requires hemodialysis. He
missed his last dialysis appointment. On examination, he is lethargic and only oriented to person.

Laboratory studies show a serum creatinine of 5.2 mg/dL and blood urea nitrogen level of 78 mg/dL.

Which of the following sets of arterial blood gas values is most likely in this patient?

pH || Anion gap || pCO2 (mm Hg) || Bicarbonate (mEq/L)
A || 7.28 || 18 29 15
B || 749 || 10 25 28
C | 7.51 | 12 48 33
D | 737 || 14 22 14
E || 731 || 8 33 18
Answer Image
Al A
B | B
C| C
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Answer

Image
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Hint

Altered mental status and an elevated blood urea nitrogen level after missed hemodialysis indicate
uremia.
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Correct Answer

Image
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‘This algorithm does not account for mixed acid-base disoders
(e.g., acidosis with 1 pCO, and | HCOy).

Explanation Why

A low pH and bicarbonate level, high anion gap, and reduced pCO> are consistent with an anion gap
metabolic acidosis caused by uremia secondary to end-stage renal disease. A build-up of acids leads
to acidosis with a high anion gap and the decreased serum pH leads to an increase in respiratory
drive (partial respiratory compensation), resulting in a mildly decreased arterial pCO>.
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Explanation Why

Elevated pH and decreased pCO2 levels are consistent with respiratory alkalosis without metabolic
compensation (normal bicarbonate), which occurs due to increased respiratory rate and/or tidal
volume (i.e. alveolar hyperventilation). This patient has no signs of hyperventilation or increased
tidal volumes. Instead, he has uremia, which puts him at risk of developing a different acid-base
disorder.

C-C

Explanation Why

Elevated serum pH with increased bicarbonate is consistent with metabolic alkalosis, which occurs

due to loss of H' (e.g., vomiting) or increased production of HCO3™ (e.g., contraction alkalosis). The
increased serum pH leads to a decrease in respiratory drive (respiratory compensation), resulting in
an increased arterial pCO». Instead, this patient has uremia, which puts him at risk of a different acid-
base disorder.

D-D

Explanation Why

Normal pH with a low bicarbonate and reduced pCO2 is consistent with a metabolic acidosis in
conjunction with a compensatory respiratory alkalosis (mixed acid-base disorder), which is
classically seen secondary to aspirin overdose. This patient's uremia causes an acid-base disorder in
which compensation is not usually adequate to maintain a normal pH.
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Explanation Why

A low pH, low bicarbonate, and normal anion gap with reduced pCO2 are consistent with normal
anion gap metabolic acidosis with respiratory compensation. This acid-base disorder is caused by
loss of bicarbonate and subsequent replacement with chloride ions. It typically occurs secondary to
diarrhea, renal tubular acidosis, or certain drugs (e.g., carbonic anhydrase inhibitors). This patient's
uremia would lead to a different type of acid-base disorder.
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Question # 10

A previously healthy 26-year-old woman comes to the physician because of a 2-day history of pain with
urination. She has been sexually active with two partners over the past year. She uses condoms for
contraception. Vital signs are within normal limits. Physical examination shows suprapubic tenderness.

Urinalysis shows neutrophils and a positive nitrite test. Urine culture grows gram-negative,

oxidase-negative rods that form greenish colonies on eosin-methylene blue agar. Which of the following

virulence factors of the causal organism increases the risk of infection in this patient?

Answer

Image

A || Lipoteichoic acid

B || Fimbriae

C || Biofilm production

D || Lecithinase

E || Lipopolysaccharide

F || Injectisomes

G || IgA protease
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Hint

Uropathogenic E. coli (UPEC) are gram-negative, oxidase-negative bacteria that form green colonies on
eosin-methylene blue agar and are the leading cause of uncomplicated urinary tract infection (UTI) in
adults.
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Correct Answer

A - Lipoteichoic acid

Explanation Why

Lipoteichoic acid is a structural protein in the cell wall of gram-positive bacteria. Although this
molecule may act as an endotoxin in some gram-positive bacteria, the pathogen described here is a
gram-negative organism.

Explanation Why

UPEC uses pyelonephritis-associated fimbriae (P-fimbriae) composed of glycoproteins to adhere to
the urothelium, which promotes the colonization of the bacteria that leads to a UTI.

C - Biofilm production

Explanation Why

Biofilm-producing organisms that cause infection of the genitourinary system include Pseudomonas
aeruginosa. This pathogen is the leading cause of catheter-associated urinary tract infection; it is an
unlikely cause of this patient's uncomplicated UTI. Although Pseudomonas is a gram-negative, rod-
shaped bacterium, it is oxidase-positive and does not produce green colonies on eosin-methylene
blue agar. Other biofilm-producing organisms that are non-uropathogenic include Staphylococcus
epidermidis, Streptococcus viridans, and nontypeable Haemophilus influenzae.
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D - Lecithinase

Explanation Why

Lecithinase is produced by Clostridium perfringens, which is a gram-positive, spore-forming
bacillus. However, this patient's uncomplicated UTI is caused by a gram-negative organism as
suggested by her urine culture.

E - Lipopolysaccharide

Explanation Why

Lipopolysaccharides (LPS) are endotoxins that are released from the outer membrane of gram-
negative bacteria during cell lysis. In severe cases, significant levels of LPS subsequently trigger the
host's immune system through activation of the complement cascade, resulting in septic shock.
Although gram-negative bacteria were detected in this patient's urine, she presents with an
uncomplicated UTI and not septic shock.

F - Injectisomes

Explanation Why

Injectisomes are present on some gram-negative, toxin-producing bacteria. Although this includes E.
coli, which are gram-negative, oxidase-negative, rod-shaped organisms, injectisomes only occur in
the EPEC and the EHEC strains of E.coli. These strains are known to cause GI disturbances
including bloody diarrhea and are not commonly associated with UTIs.
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G - IgA protease

Explanation Why

IgA protease is produced by Neisseria gonorrhea, which is a common cause of sexually transmitted
cervicitis and urethritis in adults. Gonococcal cervicitis and urethritis can present similarly to an
uncomplicated UTI, with painful urination and suprapubic tenderness. However, Neisseria
gonorrhea is a gram-negative, oxidase-positive, intracellular diplococcus that does not form green
colonies on EMB agar.
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Question # 11

A 71-year-old, hospitalized man develops abnormal laboratory studies 4 days after starting treatment for
exacerbation of congestive heart failure. He also has a history of osteoarthritis and benign prostatic
hyperplasia. He recently completed a course of amikacin for bacterial prostatitis. Before hospitalization,
his medications included simvastatin and ibuprofen. Blood pressure is 111/76 mm Hg. Serum studies
show a creatinine of 2.3 mg/dL (previously normal) and a BUN of 48 mg/dL. Urinalysis shows a urine
osmolality of 600 mOsm/kg and urine sodium of 10 mEq/L. Which of the following is the most likely
explanation for this patient's renal insufficiency?

Answer

Image

A || Volume depletion

Decreased renal perfusion

Obstruction to urinary flow

B || Urinary tract infection

C Bladder outlet obstruction

D || Glomerulonephritis

E Renal tubular obstruction

F Antibiotic use
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Hint

This patient's rise in creatinine (2.3 mg/dL) with a BUN:Cr ratio of > 20:1 indicates prerenal acute
kidney injury (AKI).
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Correct Answer

Image
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Explanation But

Explanation Why

Examples

Renal stencsis Hypotension

Acute tubular necrosis
Glomerulonephritis
Hemaolytic uremic syndrome

Tubuleinterstitial nephritis

Stone ‘—“.

& Tumor

This patient likely also has reduced urine output.

This patient has likely developed AKI due to volume depletion secondary to loop diuretic use (e.g.,
furosemide), which is an important part of pharmacotherapy for decompensated congestive heart

failure (CHF). This patient probably already had reduced renal blood flow due to systolic heart
failure. Excess diuresis (e.g., with loop diuretics) with subsequent volume depletion further reduces

renal blood flow, which stimulates the activation of RAAS. Aldosterone causes Na' and water
retention in an attempt to maintain GFR and systemic blood pressure, which in turn, also increases

urea reabsorption (BUN:Cr ratio > 20:1). The increased Na' and water retention causes elevated
urine osmolarity. Because of this potential adverse effect on the kidney, it is important to monitor
renal laboratory values in patients with CHF who are being treated with loop diuretics.
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B - Urinary tract infection

Explanation Why

UTIs with renal involvement can cause inflammation and necrosis of the renal papillae, resulting in
intrarenal (intrinsic) AKI. In intrinsic AKI, the function of tubular cells is impaired, leading to
elevated creatinine levels, but a decreased (not increased) BUN/Cr ratio (< 10:1) because of
decreased urea reabsorption. In addition, sodium reabsorption and the ability to concentrate the urine
would be impaired, causing a UNa > 30 mEq/L and Uosm < 300 mOsm/kg, respectively, which is
inconsistent with this patient's urinalysis. Additionally, there are no signs of infection (e.g., dysuria,
frequency, urgency).

C - Bladder outlet obstruction

Explanation Why

Benign prostate hyperplasia (BPH) is the most common cause of bladder outlet obstruction and
postrenal AKI in elderly men. Although patients present with elevated creatinine, the function of the
tubular system remains intact so the kidney's ability to concentrate urine and reabsorb sodium and
urea are normal. Serum studies would show Uosm 300-500 mOsm/kg, UNa 10-30 mEq/L). and a
normal BUN/Cr ratio (10-20:1). Although this patient has BPH, his laboratory values are
inconsistent with postrenal AKI.

D - Glomerulonephritis

Explanation Why

Glomerulonephritis can cause intrinsic AKI. Although patients present with elevated creatinine
levels, the direct injury to the glomeruli results in proteinuria and/or hematuria, as well as impaired

Na' reabsorption (UNa > 30 mEq/L), hypotonic urine Uosm < 300 mOsm/kg, and impaired urea
reabsorption (BUN/Cr ratio < 10:1), none of which are consistent with the findings in this patient.
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E - Renal tubular obstruction

Explanation Why

Renal tubular obstruction can be caused by multiple myeloma (MM) and can result in intrinsic AKI
due to light chains obstructing the renal tubule and direct toxicity to renal tissue. Renal tubular
dysfunction causes elevated creatinine levels, but a decreased BUN/Cr ratio (< 10:1) because of
decreased urea reabsorption. In addition, sodium reabsorption and the ability to concentrate the urine
would be impaired, causing a UNa > 30 mEq/L and Uosm < 300 mOsm/kg, respectively, which is
inconsistent with this patient's urinalysis. This patient lacks typical findings of MM, such as
proteinuria, bone pain, and anemia.

F - Antibiotic use

Explanation Why

Amikacin and other aminoglycosides are nephrotoxic and can result in intrinsic AKI due to direct
damage to the tubular system. Renal tubular dysfunction causes elevated creatinine levels, but a
decreased BUN/Cr ratio (< 10:1) because of decreased urea reabsorption. In addition, sodium
reabsorption and the ability to concentrate the urine would be impaired, causing a UNa > 30 mEq/L
and Uosm < 300 mOsm/kg, respectively, which is inconsistent with this patient's urinalysis.
Although this patient was treated with amikacin, his laboratory findings are inconsistent with
intrinsic AKI.
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Question # 12

A 10-year-old boy comes to the physician because of a 4-month history of intermittent red urine. During
the past 2 years, he has had recurrent episodes of swelling of his face and feet. Five years ago, he was

diagnosed with mild bilateral sensorineural hearing loss. His uncle died of kidney disease in his

twenties. His blood pressure is 145/85 mm Hg. Laboratory studies show a hemoglobin concentration of

12.5 g/dL, urea nitrogen concentration of 40 mg/dL, and creatinine concentration of 2.4 mg/dL.

Urinalysis shows 5—7 RBC/hpf. Which of the following is the most likely underlying cause of this

patient's symptoms?

Answer

Image

A || Defective type IV collagen

B || WTI1 gene mutation

C || Autosomal-recessive gene defect in fibrocystin

D || Phospholipase A2 receptor antibody

E || Prior streptococcal infection

F || Vascular IgA deposits
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Hint

This patient presents with features of nephritic syndrome, including hematuria, hypertension, and
recurrent edema of the face and feet, and other signs of renal damage (elevated BUN, elevated
creatinine). Sensorineural hearing loss in a patient with renal disease and a positive family history is
indicative of Alport syndrome.
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Correct Answer

Explanation Why

Type IV collagen, which forms a component of basement membranes, plays an important role in the
function of glomeruli and inner ear structures (particularly the organ of Corti). An X-linked defect in
type IV collagen is responsible for most cases of Alport's syndrome, which results in progressive
sensorineural hearing loss (with high-frequency sounds affected first) and hematuria. Episodes of
gross hematuria are sometimes preceded by upper respiratory tract infections. Patients with Alport's
syndrome also commonly develop an anterior lenticonus since type IV collagen is the predominant
collagen fiber in the lens capsule. A family history of renal disease among males is common in
patients with Alport's syndrome.

B - WT1 gene mutation

Explanation Why

A WTI gene mutation is one of the causes of Wilms tumor, which can result in hematuria,
hypertension, and anemia. However, Wilms tumor would manifest in early childhood (usually before
the age of 5 years) and patients almost always have a palpable abdominal or flank mass on physical
examination. It also does not cause sensorineural hearing loss.

C - Autosomal-recessive gene defect in fibrocystin

Explanation Why

An autosomal-recessive gene defect in fibrocystin is the cause of autosomal-recessive polycystic
kidney disease (ARPKD), which leads to the development of multiple bilateral kidney cysts.
Hematuria, hypertension, anemia, and raised creatinine in a 10-year-old child with an onset of
symptoms during infancy and a positive family history might suggest a diagnosis of ARPKD.
However, ARPKD does not account for sensorineural deafness. Instead, patients with ARPKD who
survive to adolescence usually have evidence of cirrhosis and portal hypertension (e.g., ascites,
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splenomegaly).

D - Phospholipase A2 receptor antibody

Explanation Why

Antibodies against phospholipase A2 receptors on podocytes are responsible for membranous
nephropathy, which typically presents between the ages of 30 and 50 years with nephrotic syndrome,
unlike this 10-year-old boy child with nephritic syndrome. It also does not cause sensorineural

hearing loss.

E - Prior streptococcal infection

Explanation Why

Pharyngitis caused by group A beta-hemolytic streptococci (GAS) is common in children 5-15 years
of age and can cause poststreptococcal glomerulonephritis (PSGN) 1-2 weeks after the infection.
This patient could have had an episode of febrile pharyngitis due to GAS. However, while PSGN
would present with nephritic syndrome, it does not explain the 2-year history of intermittent edema
or the presence of sensorineural deafness in this patient.

F - Vascular IgA deposits

Explanation Why

Deposition of IgA in the glomeruli is seen in IgA nephropathy and in Henoch-Schénlein purpura
(HSP), both of which may present with nephritic syndrome. However, a purpuric rash would
typically precede the onset of renal disease in patients with HSP, and other symptoms such as
abdominal pain and/or joint pain would be expected. Moreover, both HSP and IgA nephropathy do
not explain the sensorineural deafness in this patient.
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Question # 13

A 64-year-old man with multiple sclerosis comes to the physician because of a 4-month history of
urinary incontinence. The urge to urinate occurs suddenly, and he often is unable to make it to the
bathroom before leaking urine. He has no incontinence with coughing or laughing. Digital rectal
examination shows no abnormalities. Ultrasonography shows a normal post-void residual volume.
Which of the following is the most appropriate pharmacotherapy for this patient's incontinence?

Answer Image

A || Doxazosin

B Bethanechol

C || Midodrine

D || Rivastigmine

E || Mirtazapine

F Tolterodine
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Hint

In a patient with multiple sclerosis, a sudden urge to urinate that is not related to increased
intra-abdominal pressure is consistent with urge incontinence due to detrusor hyperreflexia (upper motor
neuron dysfunction!).
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Correct Answer

A - Doxazosin

Explanation Why

Doxazosin, an alpha-1 antagonist that causes relaxation of the bladder sphincter muscle, is used in
the treatment of urinary retention and concomitant overflow incontinence due to an overactive
sphincter or BPH. A normal post-void residual volume makes urinary retention unlikely in this
patient. This patient with urge incontinence has an overactive bladder with heightened detrusor tone;
relaxation of the urinary sphincter could worsen his symptoms.

B - Bethanechol

Explanation Why

Bethanechol, a parasympathomimetic agent, is used in the treatment of urinary retention and
concomitant overflow incontinence due to an underactive detrusor, which can occasionally occur in
patients with multiple sclerosis due to lesions below S1 spinal level. A normal post-void residual
volume makes urinary retention unlikely in this patient. This patient with urge incontinence has an
overactive bladder with heightened detrusor tone; increasing it further would likely worsen his
symptoms.

C - Midodrine

Explanation Why

Midodrine, an alpha-1 agonist that causes contraction of the urinary sphincter and detrusor, is used in
the treatment of underactive bladder sphincter (stress incontinence), which can occur in patients with
multiple sclerosis due to demyelinating lesions below S1 spinal level. However, stress incontinence
presents with dribbling of urine during laughing or coughing, which is not reported in this patient.
This patient with urge incontinence already has a heightened detrusor tone; increasing it further
would likely worsen his symptoms.
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D - Rivastigmine

Explanation Why

Rivastigmine is a cholinesterase inhibitor that affects the central nervous system (CNS) and is used
in the treatment of dementia. Rivastigmine is not used to treat urinary incontinence.

E - Mirtazapine

Explanation Why

Mirtazapine, an alpha-2 antagonist, is used to treat depression, which often occurs in patients with
multiple sclerosis. However, mirtazapine is not used to treat urinary incontinence because alpha-2
adrenergic receptors do not play a role in maintaining urinary continence. An alpha-1 antagonist can
be used to treat certain forms of urinary incontinence.

Explanation Why

In a healthy individual, bladder wall relaxation due to stimulation of B3 receptors in the detrusor
muscle allows storage of urine. During the storage phase, contraction of the trigone and sphincter
muscles due to stimulation of al receptors at these sites maintains continence. Bladder wall
contraction due to stimulation of M3 receptors in the detrusor muscle, and reflex inhibition of the
trigone and sphincter allows for micturition to occur during the voiding phase. Muscarinic
antagonists (e.g. tolterodine, oxybutynin, solifenacin, dicyclomine) and the newly developed 33
agonists (e.g., mirabegron) relax detrusor muscles, and can therefore be used to treat urge
incontinence caused by an overactive detrusor muscle.
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Question # 14

A 42-year-old man is brought to the emergency room because of confusion. His wife says he has been
urinating more frequently than usual for the past 3 days. He has not had fever or dysuria. He has bipolar
disorder, for which he takes lithium. His pulse is 105/min, and respirations are 14/min. He is lethargic
and oriented only to person. Physical examination shows dry mucous membranes and increased
capillary refill time. Laboratory studies show a serum sodium concentration of 158 mEq/L and an
antidiuretic hormone (ADH) concentration of 8 pg/mL (N = 1-5). Which of the following is the most

likely site of dysfunction in this patient?

Answer

Image

A || Posterior pituitary gland

B || Hypothalamic supraoptic nucleus

C || Descending loop of Henle

D || Collecting duct

E || Juxtaglomerular apparatus
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Hint

Polyuria and elevated ADH levels are consistent with nephrogenic diabetes insipidus, an adverse effect
of lithium therapy.
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Correct Answer

A - Posterior pituitary gland

Explanation Why

Infection, ischemia, and injury of the posterior pituitary gland can result in ADH deficiency, which is
the underlying cause of central diabetes insipidus. Although this patient has signs of diabetes
insipidus, he has an increased serum ADH concentration, which is more consistent with a diagnosis
of nephrogenic diabetes insipidus.

B - Hypothalamic supraoptic nucleus

Explanation Why

Infection, inflammation, and malignancy of the hypothalamus can impair ADH synthesis in the
supraoptic nucleus, resulting in ADH deficiency and subsequent central diabetes insipidus. Although
this patient has signs of diabetes insipidus, he has an increased serum ADH concentration, which is
more consistent with a diagnosis of nephrogenic diabetes insipidus.

C - Descending loop of Henle

Explanation Why

Nephrogenic diabetes insipidus is caused by an impaired response to ADH in the kidneys. Although
the main function of the descending loop of Henle is to concentrate the urine, its cells do not express
ADH receptors and are thus not the site of dysfunction that causes nephrogenic diabetes insipidus.
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Explanation Why

Lithium interferes with ADH signaling in principal cells of the collecting duct, thus reducing the
expression of aquaporins and impairing the kidney's ability to concentrate urine. This effect results in
renal free water loss, which manifests as frequent urination of hypotonic urine, hypernatremia, and
dehydration. Reduced extracellular fluid volume and increased serum osmolarity stimulate ADH
secretion, which results in an increased serum ADH concentration.

E - Juxtaglomerular apparatus

Explanation Why

Nephrogenic diabetes insipidus is caused by an impaired response to ADH in the kidneys. The
juxtaglomerular apparatus is involved in the regulation of the renin-angiotensin-aldosterone system.
However, it is not involved in the production or secretion of ADH or response of the kidneys to this
hormone.
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Question # 15

A 62-year-old man comes to the physician for a follow-up examination. One month ago, therapy with
lisinopril was initiated for treatment of hypertension. His blood pressure is 136/86 mm Hg. Urinalysis
shows a creatinine clearance of 92 mL/min. The patient's serum creatinine concentration is most likely
closest to which of the following values?

Answer Image

A || 1.4 mg/dL
B || 2.3 mg/dL
C || 2.0 mg/dL
D || 1.1 mg/dL

E || 1.7 mg/dL
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Hint

Since creatinine is freely filtered and minimally secreted or reabsorbed, creatinine clearance can be used

to estimate GFR. A glomerular filtration rate (GFR) of 90 mL/min/1.73 m? or above is considered
normal for a male.
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Correct Answer

A - 1.4 mg/dL

Explanation Why

This patient has a normal GFR of 90 mL/min/1.73 m? or above as estimated by his creatinine
clearance of 92 mL/min. Serum creatinine does not significantly increase until there is a steep drop
in GFR, and so his creatinine is unlikely to be 1.4 mg/dL.

B - 2.3 mg/dL

Explanation Why

This patient has a normal GFR of 90 mL/min/1.73 m? or above as estimated by his creatinine
clearance of 92 mL/min. Serum creatinine does not significantly increase until there is a steep drop
in GFR, and so his creatinine is unlikely to be 2.3 mg/dL.

C - 2.0 mg/dL

Explanation Why

This patient has a normal GFR of 90 mL/min/1.73 m? or above as estimated by his creatinine
clearance of 92 mL/min. Serum creatinine does not significantly increase until there is a steep drop
in GFR, and so his creatinine is unlikely to be 2.0 mg/dL.
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Explanation But

Because a significant GFR drop is required before serum creatinine increases, serum creatinine

cannot be used to assess kidney function at a GFR of > 60 mL/min/ 1.73m2 . This is termed the
“creatinine-blind” range.

Explanation Why

Creatinine is produced by myocytes and serum levels are maintained via continuous renal excretion.
Since creatinine is freely filtered and minimally secreted or reabsorbed, creatinine clearance can be
used for the estimated glomerular filtration rate (¢GFR). The Cockcroft-Gault equation is used to
calculate serum creatinine from the eGFR, although it slightly overestimates the serum creatinine
because it ignores minimal creatinine secretion at the proximal tubule. As a general rule, every time
GFR halves, serum creatinine roughly doubles. Although this patient's creatinine clearance is slightly

below normal (92 mL/min), the estimated GFR is normal (> 90 mL/min/ 1.73m? for a male), which
means his serum creatinine is in the normal range (0.6—1.2 mg/dL for males). Serum creatinine levels
do not typically start to rise until the GFR is reduced by approx. 50%.

E - 1.7 mg/dL

Explanation Why

This patient has a normal GFR of 90 mL/min/1.73 m? or above as estimated by his creatinine
clearance of 92 mL/min. Serum creatinine does not significantly increase until there is a steep drop
in GFR, and so his creatinine is unlikely to be 1.7 mg/dL.

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Question # 16

A 68-year-old man comes to the physician with a 1-week history of painless hematuria. A CT scan of
the urinary tract shows areas of bladder wall thickening. Cystoscopy shows several sessile masses with
central necrosis arising from the bladder wall. A biopsy specimen of the bladder masses shows
moderately differentiated urothelial cells with abundant mitotic figures and nuclear atypia. The patient
most likely has a history of exposure to which of the following?

Answer Image

A || ITonizing radiation

B Aromatic amines

C || Nitrosamines

D || Aflatoxins

E | Vinyl chloride

F Radon
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Hint

A history of painless hematuria, combined with the cystoscopic finding of bladder masses composed of
atypical urothelial cells, is consistent with urothelial bladder cancer.
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Correct Answer

A - Ionizing radiation

Explanation Why

Exposure to ionizing radiation is associated with certain occupations, previous cancer treatments, and
living environments (e.g., near nuclear power plants). It has been found to be associated with later
development of papillary thyroid cancer, not bladder cancer.

Explanation Why

A strong risk factor for urothelial cancer is prolonged exposure to aromatic amines like benzidine.
These chemicals are especially associated with the rubber production, oil refining, and dye-making
industries. Other risk factors for urothelial cancer include nicotine abuse, arsenic exposure,
cyclophosphamide use, and platinum-based chemotherapeutic drugs (e.g., cisplatin).

C - Nitrosamines

Explanation Why

Nitrosamines are compounds formed from nitrites and amines and are found in certain foods like
smoked meats. They have been found to be carcinogenic, but are most closely associated with the
development of gastric cancer.
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D - Aflatoxins

Explanation Why

Aflatoxins are toxins produced by Aspergillus flavus, which is a fungus that can grow on improperly
stored nuts and rice. Although aflatoxins are carcinogenic, they have been primarily linked to
hepatocellular carcinoma and not urothelial cancer.

E - Vinyl chloride

Explanation Why

Vinyl chloride is a chemical that especially plumbers are exposed to when working with polyvinyl
chloride (PVC) pipes. Although vinyl chloride is carcinogenic, it has primarily been linked to liver
angiosarcoma and not urothelial cancer. It also increases the risk of brain cancer, lung cancer,
leukemia, and lymphoma.

F - Radon

Explanation Why

Radon is a radioactive gas that forms as a byproduct from decay of uranium, thorium, and radium. Its
concentration can be high in mines and poorly ventilated basements. Although it is the second
leading cause of lung cancer, it is not associated with urothelial cancer.
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Question # 17

A 47-year-old woman comes to the physician because of a 2-week history of gradually worsening facial
and lower extremity swelling. She has had a 4-kg (8.8-1b) weight gain during this time. Her blood
pressure is 150/88 mm Hg. Examination shows periorbital edema and 2+ pretibial edema bilaterally. A
24-hour collection of urine shows 4.0 g of proteinuria. Microscopic examination of a kidney biopsy
specimen shows thickening of the glomerular basement membrane. Electron microscopy shows dense
subepithelial deposits. Further evaluation is most likely to show which of the following?

Answer

Anti-phospholipase A2 receptor
antibodies

B || Anti-myeloperoxidase antibodies
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Answer

C || Anti-streptolysin O antibodies

D || Anti-proteinase 3 antibodies

E Anti-C3 convertase antibodies

F || Anti-collagen type IV antibodies
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Hint

Heavy proteinuria (> 3.5 g/24 h) on a 24-hour urine collection is the confirmatory test for the diagnosis
of nephrotic syndrome, which classically presents with generalized edema and weight gain. A thickened
glomerular basement membrane on light microscopy of the kidney biopsy specimen is consistent with
membranous nephropathy, a common cause of nephrotic syndrome.
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Correct Answer

Image

Explanation But

Secondary membranous nephropathy can be caused by infection (e.g., HBV, HCV) or systemic lupus
erythematosus.

Explanation Why

Anti-phospholipase A2 receptor antibodies are found in primary membranous nephropathy.
Deposition of antibodies between podocytes and the glomerular basal membrane (GBM) causes
thickening of glomerular capillary loops and the GBM, which in turn leads to nephrotic syndrome.
On electron microscopy the subepithelial immune deposits are reflected in a “spike and dome
appearance.”
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B - Anti-myeloperoxidase antibodies

Explanation Why

Anti-myeloperoxidase antibodies (p-ANCA) are found in microscopic polyangiitis and Churg-
Strauss syndrome. These vasculitides are most commonly associated with RPGN, which appears on
light microscopy as “crescent moon-shaped” extracapillary cell proliferation that displaces the
glomerulus, in contrast to the thickened appearance of the glomerular basement membrane described
in this patient. Furthermore, RPGN causes nephritic syndrome, defined by proteinuria < 3.5 g/24 h,
whereas this patient has nephrotic syndrome. Lastly, this patient lacks symptoms of p-
ANCA-associated vasculitis such as palpable purpura.
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C - Anti-streptolysin O antibodies

Explanation Why

Anti-streptolysin O antibodies are indicative of infection with group A Streptococcus, which can
result in PSGN. Although PSGN does take the form of subepithelial immune complex deposits
("lumpy-bumpy" appearance) on immunofluorescence microscopy, it does not usually involve
glomerular basement membrane thickening. Moreover, glomeruli in PSGN would appear
hypercellular due to infiltration of monocytes and polymorphonuclear cells. Lastly, PSGN causes
nephritic syndrome, defined by proteinuria < 3.5 g/24 h, whereas this patient has nephrotic

syndrome.
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D - Anti-proteinase 3 antibodies

Explanation Why

Anti-proteinase 3 antibodies (c-ANCA) are seen in granulomatosis with polyangiitis. Granulomatosis
with polyangiitis can present with RPGN, which appears on light microscopy as “crescent moon-
shaped” extracapillary cell proliferation that displaces the glomerulus, in contrast to the thickened
appearance of the glomerular basement membrane described in this patient. Furthermore, RPGN
causes nephritic syndrome, defined by proteinuria < 3.5 g/24 h, whereas this patient has nephrotic
syndrome. Lastly, this patient lacks features of this condition such as skin lesions and chronic
sinusitis.
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E - Anti-C3 convertase antibodies

Explanation Why

Anti-C3 convertase antibodies can be found in complement-mediated membranoproliferative
glomerulonephritis (MPGN). These antibodies activate the complement system and lead to
complement deposition within the glomerulus. MPGN can also present with nephrotic syndrome.
However, the glomerular basement membrane (GBM) in MPGN appears split on light microscopy,
with a characteristic “train-track” appearance, in contrast to the thickened appearance of the GBM
described in this patient.

F - Anti-collagen type IV antibodies

Explanation Why

Anti-type IV collagen antibodies (anti-glomerular basement membrane antibodies) are seen in
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Goodpasture syndrome, which classically manifests as RPGN. RPGN appears on light microscopy as
“crescent moon-shaped” extracapillary cell proliferation that displaces the glomerulus, in contrast to
the thickened appearance of the glomerular basement membrane described in this patient.
Furthermore, RPGN causes nephritic syndrome, defined by proteinuria < 3.5 g/24 h, whereas this
patient has nephrotic syndrome. Lastly, this patient lacks symptoms of pulmonary involvement such
as hemoptysis and cough.
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Question # 18

A 64-year-old man with coronary artery disease and hypertension comes to the physician for a follow-up
examination. His blood pressure ranged from 160/100 mm Hg to 150/94 mm Hg on his previous 3 visits
over the past 4 months. Current medications include aspirin, atorvastatin, hydrochlorothiazide, and
metoprolol. Three weeks ago, he was also started on amlodipine. His blood pressure today is

158/98 mm Hg. Physical examination shows no other abnormalities. Renal duplex ultrasonography
shows 90% occlusion of the right renal artery. Decreased renal blood flow is most likely to cause which
of the following?

Answer Image

Justaglomerular
apparatus

A || Hyperplasia of juxtaglomerular cells

B Dilation of efferent arteriole

Mesangial expansion and glomerular
basement membrane thickening

. — i

Decreased prostaglandin synthesis by
macula densa
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Answer

Image

Decreased reabsorption of bicarbonate at

proximal tubule
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Hint

Renal artery stenosis decreases renal perfusion and leads to compensatory activation of the renin-
angiotensin-aldosterone system (RAAS).
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Correct Answer

Image

i Ce—— Distal convoluted tubule
Maculadensa s

Extraglomerular Afferent arteriole

Juxtaglomerular Tesanial cells

apparatus Efferent arteriole

Juxtaglomerular -
cells

Extracellular matrix

Podooytes
{visceral layer of ; ;
Bowman's capsule) Mesangial matrix
Podocyte processes

(pedicels)
Glomerular basement

Fenestrated capillary membrane

endothelium

Parietal layer of 4«—{,‘ Proximal tubule

Bowmarn's capsule ==

Explanation Why

This elderly man has treatment-resistant hypertension and radiological evidence of significant (>
60%) renal artery stenosis (RAS), which indicates renovascular hypertension. RAS causes renal

Bartter syndrome.

hypoperfusion. The juxtaglomerular apparatus (JGA) detects the decreased perfusion pressure at the
afferent arteriole and secretes renin in an attempt to restore renal perfusion (tubuloglomerular
feedback). Renin activates the renin-angiotensin-aldosterone system, which results in
vasoconstriction and hypertension. Prolonged renal hypoperfusion and stimulation of the JGA due to
renal artery stenosis cause cellular hyperplasia of the JGA. Other causes of JGA hyperplasia include
cardiac failure (which causes renal hypoperfusion), angiotensin receptor blocker therapy (loss of
negative feedback for renin secretion by angiotensin II), chronic salt loss (e.g., Addison disease), and
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B - Dilation of efferent arteriole

Explanation Why

Renal hypoperfusion activates the RAAS by stimulating renin secretion. This increases serum levels
of angiotensin II, which increases arterial and venous vasoconstriction (not vasodilation) to maintain
renal perfusion.

C - Mesangial expansion and glomerular basement membrane thickening

Explanation Why

Mesangial expansion (on light microscopy) and glomerular basement membrane (GBM) thickening
(on electron microscopy) are pathognomonic features of diabetic nephropathy. Chronic
hyperglycemia and hyperinsulinemia stimulate collagen and glycoprotein synthesis within the GBM
and mesangial matrix (protein glycosylation). In advanced disease, the progressive growth of the
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mesangial matrix and GBM thickening lead to nodular glomerulosclerosis, which is characterized by
Kimmelstiel-Wilson nodules within glomeruli. These findings are not caused by decreased renal
perfusion.

D - Decreased prostaglandin synthesis by macula densa

Explanation Why

The macula densa detects Na™ levels in the distal convoluted tubule (DCT). Renal hypoperfusion

decreases Na" levels in the DCT, which stimulates (not decreases) COX-2-mediated prostaglandin
secretion from the macula densa. The prostaglandins stimulate renin secretion, which results in
activation of the RAAS in an attempt to restore renal perfusion (tubuloglomerular feedback) and
therefore hypertension.

E - Decreased reabsorption of bicarbonate at proximal tubule

Explanation Why

Renal hypoperfusion activates the RAAS by stimulating renin secretion. This increases serum levels
of angiotensin II, which activates the Na /H" exchanger in the proximal tubule. This stimulates (not
decreases) Na* reabsorption, H" excretion, and, indirectly, bicarbonate reabsorption.
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Question # 19

A 55-year-old man with type 2 diabetes mellitus comes to the physician for a routine health
maintenance. He feels well. His blood pressure is 155/60 mm Hg. Physical exam shows no

abnormalities. Laboratory studies show a glucose concentration of 150 mg/dL and a hemoglobin A1
concentration of 9%. Treatment with lisinopril is initiated. Which of the following findings would be
expected two days after initiating lisinopril therapy?

Glomerular filtration rate

Renal plasma flow

Filtration fraction

Al no change 1
B | | no change !
Cil! ! no change
D || T !
E |l ! T

Answer || Image

Al A
B | B
C| C
D | D
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Hint

Lisinopril is an ACE inhibitor, which works by decreasing levels of angiotensin II. Angiotensin II
normally constricts the efferent arteriole of the glomerulus.
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Correct Answer

A-A

Explanation Why

These measurements (GFR?1, RPF <, FE7) can be seen in conditions that are associated with a
decreased oncotic pressure in the glomerulus (e.g. nephrotic syndrome). A reduction in oncotic
pressure causes less fluid to shift back into the capillary system from the glomerulus. Consequently,
more fluid is filtered, increasing the glomerular filtration rate and filtration fraction.

Explanation Why

This constellation (GFR |, RPF <, FF|) can be seen in conditions associated with: decreased
coefficient of filtration (e.g., thickened glomerular basement membrane in diabetes mellitus or
decreased surface area of glomeruli due to glomerular destruction in necrotizing forms of
glomerulonephritis); increased hydrostatic pressure in Bowman's space (e.g. obstructive
hydronephrosis); or increased oncotic pressure in the glomerulus (e.g. increased plasma protein
concentration in multiple myeloma).

C-C

Explanation Why

These changes (GFR |, RPF |, FF <) can be seen with administration of NSAIDs because they
inhibit formation of prostaglandins, which act to preferentially dilate the afferent arteriole. Thus,
NSAIDs facilitate afferent arteriolar constriction, increasing resistance to blood flow and ultimately
decreasing renal plasma flow. Because the hydrostatic pressure downstream to the afferent arteriole
is decreased, the glomerular filtration rate is reduced. These changes are equiproportional, so the
filtration fraction is typically not changed.
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Explanation But

In patients with a preexisting reduction in RPF (e.g. heart failure), initiation of ACE inhibitors may
lead to acute kidney injury.

Explanation Why

When initiating treatment with lisinopril, a modest reduction of glomerular filtration rate (GFR) is
typically seen within the first several days. Simultaneously, renal plasma flow (RPF) is increased and
filtration fraction (FF) is decreased. The underlying mechanism is inhibition of angiotensin II
synthesis, causing dilation of the efferent arteriole. This increases RPF and reduces GFR due to a
decrease in glomerular filtration pressure. Also, the FF is decreased because GFR is decreased and
RPF is increased (FF = GFR / RPF).

Explanation Why

These changes (GFR |, RPF|, FF1) can be seen with mild or moderate hypovolemia. Decreased renal
plasma flow is the inciting factor owing to renal hypoperfusion.
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Question # 20

A 62-year-old woman with type 2 diabetes mellitus comes to the physician because of a 3-month history
of fatigue and weakness. Her hemoglobin A1¢ concentration was 13.5% 12 weeks ago. Her blood

pressure is 152/92 mm Hg. Examination shows lower extremity edema. Serum studies show:

Kt 5.1 mEq/L

Phosphorus 5.0 mg/dL

Cat 7.8 mg/dL

Urea nitrogen || 60 mg/dL

Creatinine 2.2 mg/dL

Which of the following is the best parameter for early detection of this patient’s renal condition?

Answer

Image

A || Urinary red blood cell casts

B || Serum total protein

C || Urinary albumin

D || Serum urea nitrogen

E Serum creatinine
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Hint

This patient with a history of poorly controlled diabetes mellitus presents with features of diabetic
nephropathy (elevated creatinine and BUN levels, arterial hypertension, electrolyte abnormalities,
edema).
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Correct Answer

A - Urinary red blood cell casts

Explanation Why

The presence of urinary red blood cell casts indicates glomerulonephritis (GN). This finding is
caused by the congregation of proteins and RBCs inside the tubules. Clinically, GN can result in red
or cola-colored urine, mild edema (due to the relatively limited loss of albumin), and hypertension
(i.e., nephritic syndrome). However, diabetic nephropathy classically leads to nephrotic syndrome,
not nephritic syndrome.

B - Serum total protein

Explanation Why

Diabetic nephropathy leads to nephrotic syndrome, which typically presents with hypoproteinemia.
However, total protein is usually normal in early stages of diabetic nephropathy and only decreases
once there is significant glomerular damage.

Explanation But

ACE inhibitors can prevent the progression of albuminuria in patients with diabetic nephropathy.

Explanation Why

Microalbuminuria is the earliest diagnostic sign of diabetic nephropathy. Progression of glomerular
damage (nodular glomerulosclerosis) leads to increased urinary loss of albumin, which can manifest
as nephrotic syndrome. The extent of albuminuria in patients with diabetic nephropathy also
correlates with the risk of future cardiovascular events.
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D - Serum urea nitrogen

Explanation Why

Serum urea nitrogen (BUN) is routinely measured as part of renal function testing in patients with
diabetic nephropathy and other forms of CKD. However, BUN is usually normal in early stages of
diabetic nephropathy and only rises once GFR significantly deteriorates.

E - Serum creatinine

Explanation Why

Serum creatinine is routinely measured as part of renal function testing in patients with diabetic
nephropathy and other forms of CKD. However, it is usually normal in early stages of diabetic
nephropathy and only rises once the GFR significantly deteriorates.
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Question # 21

A 43-year-old man comes to the physician for a 1-week history of swelling around his eyes and
decreased urination. His pulse is 87/min, and blood pressure is 152/95 mm Hg. Physical examination
shows 1+ periorbital and pretibial edema. Serum studies show a urea nitrogen concentration of

21 mg/dL and a creatinine concentration of 1.4 mg/dL. Urinalysis shows 3+ blood and 1+ protein.
Further evaluation of this patient is most likely to show which of the following?

Answer Image

A || Urinary rhomboid crystals

B || Hypoalbuminemia

C Renal interstitial inflammation

D || Red blood cell casts
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Answer

Image

Detached renal tubular epithelial cells
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Hint

This man has edema, hematuria, azotemia, hypertension, and oliguria, which are all features of nephritic
syndrome.
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Correct Answer

A - Urinary rhomboid crystals

Image

Explanation Why

Urinary rhomboid crystals seen on urinalysis are pathognomonic for uric acid crystals, which are not
associated with nephritic syndrome. This finding is typically seen in patients with hyperuricemia,
which can cause uric acid nephrolithiasis and urate nephropathy. Nephrolithiasis can cause hematuria
but also commonly results in severe, unilateral, colicky flank pain. Chronic urate nephropathy can
manifest with hypertension, edema, and oliguria, as seen in this patient. However, it does not cause
hematuria and is usually preceded by gout.
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B - Hypoalbuminemia

Explanation Why

Renal hypoalbuminemia develops due to massive proteinuria (> 3.5 g/day). Nephritic syndrome can
cause mild proteinuria, but it is not usually severe enough to cause hypoalbuminemia. In contrast,
nephrotic syndrome causes severe proteinuria and hypoalbuminemia due to damage to glomerular
podocytes, which lose their electric charge and become porous, allowing albumin to pass through the
glomerular basement membrane into the urine. Nephrotic syndrome causes edema but is not typically
associated with hematuria, hypertension, or oliguria.

C - Renal interstitial inflammation

Explanation Why

Renal interstitial inflammation is not associated with nephritic syndrome. This finding is typically
seen in patients with pyelonephritis or acute interstitial nephritis (AIN). Pyelonephritis manifests
with flank pain, fever, and features of cystitis (e.g., dysuria, urinary frequency), none of which are
seen in this patient. AIN is often drug-induced (e.g., from cephalosporins) and manifests with fever,
rash, pyuria, and costovertebral angle tenderness, which this patient does not have.
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Image

Explanation But

RBC casts appear on urinalysis as a cluster of biconcave, disc-shaped RBCs enclosed in a tubular
mucoprotein cast.

Explanation Why

RBC casts are often seen in patients with nephritic syndrome, a condition caused by glomerular
inflammation (e.g., from post-streptococcal glomerulonephritis or rapidly progressive
glomerulonephritis). This inflammatory process releases cytokines and results in damaged, porous
glomerular capillaries. RBCs leak through these spaces, accumulate, and form casts in the renal
tubules.
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E - Detached renal tubular epithelial cells

Explanation Why

Significant amounts of renal tubular epithelial cells, which accumulate into granular, brown casts
seen on urinalysis, are not associated with nephritic syndrome. This finding is typically seen in
patients with acute tubular necrosis (ATN), a condition commonly preceded by ischemic injury (e.g.,
renal hypoperfusion due to hypovolemia or shock) or nephrotoxic injury (e.g., exposure to
radiocontrast agents). This patient has no history of these risk factors. Additionally, ATN typically
causes a BUN:Cr ratio of < 10:1 since the damaged tubules cannot reabsorb urea; this patient's
BUN:Cr ratio 1s 15:1 (21:1.4).
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Question # 22

A 24-year-old previously healthy man comes to his physician because of dyspnea and hemoptysis for the
past week. Examination shows inspiratory crackles at both lung bases. The remainder of the examination

shows no abnormalities. His hemoglobin concentration is 14.2 g/dL, leukocyte count is 10,300/mm3,

and platelet count is 205,000/mm3. Urine dipstick shows 2+ proteins. Urinalysis shows 80 RBC/hpf and
1-2 WBC/hpf. An x-ray of the chest shows pulmonary infiltrates. Further evaluation is most likely to

show increased serum titers of which of the following?

Answer

Image

A || Immunoglobulin A

B || Anti-GBM antibody

C || Anti-dsDNA antibody

D || Anti-PLA2R antibody

E || C-ANCA

F || P-ANCA
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Hint

Microscopic hematuria and pyuria with hypertension and mild proteinuria (< 3+ on dipstick test)
indicate nephritic syndrome. The acute onset of hemoptysis, dyspnea, and pulmonary infiltrates in a
patient with nephritic syndrome indicates pulmonary-renal syndrome. The absence of features of
systemic vasculitis (e.g., purpura, livedo reticularis) suggests a diagnosis of Goodpasture syndrome.
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Correct Answer

A - Immunoglobulin A

Explanation Why

Increased serum IgA levels can be seen in approximately half of all patients with IgA nephropathy or
IgA vasculitis. Both these conditions can cause nephritic syndrome. Features of a pulmonary
pathology (e.g., cough, dyspnea, crackles, infiltrates on chest x-ray) may also be present because
respiratory infections such as pneumonia can be triggers for IgA nephropathy or IgA vasculitis. This
patient, however, does not have a fever or leukocytosis, signs that would suggest an infectious
etiology. Also, IgA vasculitis would usually be associated with other features such as palpable
purpura (Henoch-Schonlein purpura), abdominal pain, and/or joint pain.

Explanation But

Goodpasture syndrome is treated with plasmapheresis and immunosuppressive therapy
(cyclophosphamide and corticosteroids).

Explanation Why

Goodpasture syndrome is caused by autoantibodies against the noncollagenous domain of the a-3
subunit in type IV collagen. Type IV collagen is a component of basement membranes, and a-3
subunits are present only in certain tissues (e.g., lungs, kidneys). The autoantibodies in Goodpasture
syndrome specifically damage the glomerular basement membrane (anti-GBM antibodies) and the
alveolar basement membrane, causing nephritic syndrome and alveolar hemorrhage without ever
resulting in systemic vasculitis. Immunofluorescence in Goodpasture syndrome typically manifests
as a smooth, diffuse, linear pattern that results from linear deposition of IgG along the glomerular
basement membrane.
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C - Anti-dsDNA antibody

Explanation Why

Anti-dsDNA antibodies are seen in patients with systemic lupus erythematosus (SLE), which can
cause nephritic syndrome. Hemoptysis and dyspnea may also occur in SLE as a result of diffuse
alveolar hemorrhage. However, SLE is much more common in women and is usually associated with
symptoms such as fever, fatigue, arthralgia, and/or a malar rash.

D - Anti-PLA2R antibody

Explanation Why

Antibodies against the phospholipase A2 receptor (anti-PLA2R) are seen in patients with primary
(idiopathic) membranous nephropathy. However, membranous nephropathy typically results in
nephrotic syndrome rather than nephritic syndrome.

E - C-ANCA

Explanation Why

Only < 10% of patients with Goodpasture syndrome have increased levels of c-ANCA. Increased
levels of c-:ANCA are more commonly seen in granulomatosis with polyangiitis, which can also
cause pulmonary-renal syndrome. However, patients with granulomatosis with polyangiitis usually
have a history of chronic rhinosinusitis, ocular manifestations (e.g., scleritis, episcleritis, uveitis),
ulcerating mucocutaneous granulomas, and/or vasculitic purpura.
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F - P-ANCA

Explanation Why

Only ~ 25% of patients with Goodpasture syndrome have increased levels of p-ANCA. Increased
levels of p-ANCA are more commonly seen in Churg-Strauss syndrome or microscopic polyangiitis,
both of which can cause pulmonary-renal syndrome. However, patients with either condition would
also typically present with other features of small vessel vasculitis, such as purpura. A patient with
Churg-Strauss syndrome would also have a history of bronchial asthma and/or allergic rhinitis.

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Question # 23

A 42-year-old woman comes to the physician because of right flank pain that started 3 days following a
procedure. Her vital signs are within normal limits. Physical examination shows right costovertebral
angle tenderness. An intravenous pyelogram shows a dilated renal pelvis and ureter on the right with a
lack of contrast proximal to the ureterovesical junction. This patient most likely recently underwent

which of the following procedures?

Answer

Image

A || Cesarean delivery

B || Hysterectomy

C || Foley catheter insertion

D || Inguinal hernia repair

E || Appendectomy
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Hint

The intravenous pyelogram results describe a ureteral stricture located close to a structure that is
commonly ligated in this procedure.

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Correct Answer

A - Cesarean delivery

Explanation Why

A cesarean section is performed by opening the anterior abdominal wall and making a low transverse
incision on the anterior wall of the uterus. Although the ureters are in close proximity to the lateral
walls of the uterus in a non-gravid state, they are pushed laterally as the uterus enlarges during
pregnancy. This makes them less susceptible to injury during a cesarean section.

Image

Round ligament of uterus

Mesnsalpinx

Mesovarium

Fallopian tube

4 ;
[ Suspensory ligament
of ovary

Cvary

Owarian ligament

o Ureter

Broad ligament of uterus

Uterosacral ligament

Uterus

Vagina

Explanation Why

The lower third of the ureter (pelvic ureter) lies just below the uterine artery

at the cardinal ligament.
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Because the uterine arteries are ligated during hysterectomy, the ureters are at risk of being injured.
Although any abdominopelvic surgery is a risk factor for ureteric injuries, hysterectomies are the
most frequent cause. The ureters lie below the ovarian arteries within the infundibulopelvic ligament
and are also susceptible to injury during ovarian surgeries (e.g., oophorectomy).

C - Foley catheter insertion

Explanation Why

A Foley catheter is usually inserted into the bladder through the urethra (in rare cases through the
anterior abdominal wall in suprapubic catheterization) and can therefore potentially damage the
urethral mucosa (not the ureter), resulting in a urethral stricture as it heals. Instrumentation of the
ureter (e.g., during ureteroscopy) is a risk factor for ureteric stricture, but urethral catheterization
with a Foley catheter is not.

D - Inguinal hernia repair

Explanation Why

An inguinal hernia protrudes either through the deep inguinal ring (indirect inguinal hernia) or
posterior wall of the inguinal canal (direct inguinal hernia). The contents of an inguinal hernia
usually consist of intraperitoneal structures, most commonly omentum or bowel. In large hernias, the
bladder may also be involved. The ureter is rarely involved in inguinal hernias and is thus rarely
injured during a hernia repair.

E - Appendectomy

Explanation Why

The appendix lies in the right lower quadrant of the abdomen, in close proximity to the cecum,
ileum, and psoas and obturator muscles. The free portion of the appendix may assume a variety of
positions, and in the pelvic position, lies in close proximity to the right ureter. However, the
retrocecal position is much more common and the ureter is rarely injured during an appendectomy. A
different procedure is more likely to have resulted in this patient's symptoms.
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Question # 24

A 68-year-old woman comes to the emergency department because of abdominal pain for 3 days.
Physical examination shows guarding and tenderness to palpation over the left lower abdomen. Test of
the stool for occult blood is positive. A CT scan of the abdomen is shown. Which of the following

mechanisms best explains the patient's imaging findings?

Answer

Image

A || Failed neural crest cell migration

B || Absent tissue differentiation

C || Abnormal organ rotation
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Answer

Image

Incomplete organ fusion

Abnormal outpuching of hollow organ

Impaired organ ascent

Aorta
Celiac trunk

Superior mesenteric
artery

Renal artery
Horseshoe kidney

Inferior mesenteric artery
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Hint

This patient's CT scan shows a horseshoe kidney. Her abdominal symptoms are likely unrelated to the
renal pathology as a horseshoe kidney is often an incidental finding.
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Correct Answer

A - Failed neural crest cell migration

Explanation Why

Failed neural crest cell migration is implicated in the development of Hirschsprung disease. This
manifests early in life with failure to pass meconium within 48 hours of birth, followed by
constipation, megacolon, and explosive stools when manually disimpacted. It would not be first
observed in a 68-year-old woman, and a megacolon is not seen on this CT scan. Neural crest cells are
not involved in the development of the kidneys. They are, however, involved in the formation of the
adrenal medulla of the adrenal glands, which are not shown in this image.

B - Absent tissue differentiation

Explanation Why

Absent tissue differentiation accounts for several abdominal pathologies such as renal aplasia and
uterine hypoplasia. However, the horseshoe kidney seen in this CT image is composed of properly
differentiated renal tissue.

C - Abnormal organ rotation

Explanation Why

Abnormal organ rotation is the cause of an annular pancreas. Normal pancreatic anatomy results
from the merging of dorsal and ventral buds. If the ventral bud fails to appropriately rotate, it can
form a ring of pancreas around the duodenum, an annular pancreas. Annular pancreas can cause
epigastric abdominal pain due to bowel obstruction, but the pancreas is not visualized on this CT
scan cut.
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D - Incomplete organ fusion

Explanation Why

Incomplete organ fusion can cause uterine pathology. Normal uterine development involves the
independent fusion of the upper and lower paramesonephric ducts. Failure of the upper ducts to fuse
results in a bicornuate uterus. While this can lead to pregnancy-related complications, the patient in
this question is older than child-bearing age and the CT scan does not visualize her uterus.

E - Abnormal outpuching of hollow organ

Explanation Why

Abnormal outpouching of a hollow organ describes colonic diverticula. These are transmuscular
pockets that are commonly observed in the colon. As they are blind ends within a generally motile
bowel, luminal contents that get caught in these pockets and become infected can lead to significant
abdominal pain and rectal bleeding. This patient's presentation may be attributable to diverticulitis
but no diverticula are present in the CT scan cut shown.
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Image

Aorta

Celiac trunk

Superior mesenteric
artery

Renal artery
Horseshoe kidney

Inferior mesenteric artery

Explanation Why

Impaired organ ascent explains the presence of this horseshoe kidney at an inferior position relative
to normal kidneys. The fused inferior poles of the horseshoe kidneys get caught under the inferior
mesenteric artery, impeding the normal ascension of the kidneys to their retroperitoneal locations.
However, this obstructed migration is generally benign, does not affect kidney function, and is not
commonly associated with ischemia or abdominal pain. This radiographic finding is most likely
incidental and not associated with this patient's current complaint.
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Question # 25

A 33-year-old man is brought to the emergency department after being involved in a bar fight. Physical
examination shows tenderness to palpation over the left side of the back. An x-ray of the chest shows a

fracture of the 12" rib on the left side. Further evaluation is most likely to show which of the following
injuries?
Answer Image
A || Liver hematoma
B || Pneumothorax
C || Colon perforation
D || Kidney laceration
Hepatic portal vein
Hepatic artery proper ’
E || Pancreatic transection commneon . NPT
Duodenum L —a f
{descendling part) \ i . \ Y mesenteric vein
ey —— R ] e
I e — . Duodenum {horizontal part)
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Hint

The lower ribs, also known as floating ribs, are not attached to the sternum. Fractured ribs can damage
visceral organs.
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Correct Answer

A - Liver hematoma

Explanation Why

The liver lies in the right upper quadrant of the abdomen deep to the Sth—12th ribs. Right-sided rib
fractures are commonly associated with liver injury due to direct transmission of force from the

causative blow to the liver and/or penetration of the liver by a fractured segment of a rib. This patient

2th

has sustained a left-sided 12" rib fracture, making a liver injury unlikely.

B - Pneumothorax

Explanation Why

A pneumothorax can develop if there is an inlet of air into the pleural cavity. The posterior

attachment of the parietal pleura extends to the 12th rib. The inferior border of the lungs extends only
to the 101 rib posteriorly but could be injured and result in a pneumothorax if a fractured segment of
the 12 rib penetrates the lung parenchyma during deep inspiration. However, another organ that lies
in close proximity to the 12 ib is more likely to be injured.

C - Colon perforation

Explanation Why

The colon is a hollow organ that is elastic and compressible. It is rarely injured in blunt force

injuries. Although the splenic flexure of the colon lies in the vicinity of the left 12t rib, they are not
in direct contact with one another. Colon perforation due to a fractured segment of a rib is unlikely in
this patient.
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Image

Explanation But

Left lower rib fractures also commonly cause splenic injury (including splenic rupture) due to the
1th

proximity of the posterior surface of the spleen to the left 9th, lOth, and 1
more common than kidney injury.

ribs. Splenic injury is

Explanation Why

The kidneys normally lie in a paraspinal, retroperitoneal position that extends from T12-L3. The

right kidney is displaced more inferiorly because of the liver. Inferior rib fractures (10—12th ribs) are
commonly associated with solid organ injuries to the liver, spleen, and/or kidneys. This patient has

sustained a fracture of the posterior aspect of the left 12t rib as is evident from the tenderness over
his back and the x-ray findings, which makes a kidney laceration the most likely associated injury.
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E - Pancreatic transection

Image
Hepatic portal vein
Ahdominal aorta
Hepatic artery proper - Celiac artery
Common hepatic duct Left gastric artery
Cystic duct -
s e Common hepatic artery
Splenic artery Pancreatic
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Common bile duct —
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\
5 ——— Jejunum
Accessory pancreatic —
duct

Pancreatic duct g

Pancreatic head

Uncinate process

Duodenum (ascending part)

Duodenum thorizantal part)

Explanation Why

The pancreas is a retroperitoneal organ that extends diagonally from the C-loop of the duodenum,
anterior to the L2 vertebra (pancreatic head) to the splenic hilum, anterior to the T12 vertebra
(pancreatic tail). The pancreas is well-protected from blunt abdominal trauma because it is
surrounded by the liver, spleen, stomach, small intestine, left kidney, and the left lower ribs, which
diffuse the transmission of force from the causative blow. A forceful blow to the epigastrium (e.g.,
from falling on the handlebar of a bike) is more likely to injure the body of the pancreas rather than a
posterior blow, which this patient has sustained.
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Question # 26

A 47-year-old man with bipolar I disorder and hypertension comes to the physician because of a 2-week
history of increased thirst, urinary frequency, and sleep disturbance. He says that he now drinks up to
30 cups of water daily. He has smoked 2 packs of cigarettes daily for the past 20 years. Examination
shows decreased skin turgor. Serum studies show a sodium concentration of 149 mEq/L, a potassium
concentration of 4.1 mEq/L, and an elevated antidiuretic hormone concentration. His urine osmolality is

121 mOsm/kg H20. Which of the following is the most likely explanation for these findings?

Answer

Image

A || Polydipsia caused by acute psychosis

B Adverse effect of a medication

C || Tumor of the pituitary gland

D || Paraneoplastic production of a hormone

E Tumor in the adrenal cortex
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Hint

This patient has features of diabetes insipidus (DI): polyuria, polydipsia, dehydration, hypernatremia,
and decreased urine osmolality (< 300 mOsmol/kg).
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Correct Answer

A - Polydipsia caused by acute psychosis

Explanation Why

Psychogenic polydipsia (PP) can occur during an acute bipolar psychosis and would present with
polyuria, polydipsia, and low urine osmolality levels, all of which this patient has. However, water
intoxication from PP would cause hyponatremia and low serum osmolality levels, due to the
dilutional effects, and subsequently low ADH levels. Furthermore, patients with PP would not have
features of dehydration (e.g., decreased skin turgor).

Explanation Why

Increased serum ADH in a patient with features of diabetes insipidus is suggestive of a nephrogenic
cause. Nephrogenic DI is the most common complication of long-term use of lithium, the first-line
mood stabilizer for patients with bipolar disorder. Lithium is believed to cause nephrogenic DI by
interfering with ADH signaling in the collecting duct cells, which results in reduced expression of
water channel aquaporin-2 in these cells.

C - Tumor of the pituitary gland

Explanation Why

Antidiuretic hormone (ADH) is synthesized in the hypothalamus and then transported to the
posterior pituitary gland for secretion. Destruction of the posterior pituitary gland or the
hypothalamic stalk by a large pituitary tumor can result in features of diabetes insipidus. However,
this would lead to decreased ADH levels, indicating central diabetes insipidus, rather than increased
ADH levels, suggesting nephrogenic DI, as seen here.
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D - Paraneoplastic production of a hormone

Explanation Why

This patient's smoking history is a risk factor for both small cell lung cancer (SCLC) and squamous
cell carcinoma (SCC) of the lung. SCLC can cause high ADH levels due to SIADH, but patients with
SIADH would have hyponatremia and a high urine osmolality. Polydipsia, polyuria, hypernatremia,
and a low urine osmolality would not be expected. SCCs of the lung can secrete PTHrP, which can,
in turn, result in hypercalcemia with subsequent neuropsychiatric disturbances and nephrogenic DI,
which this patient has. However, the neuropsychiatric disturbance would usually be acute or
subacute, unlike this patient's chronic psychiatric disorder. Moreover, this patient does not have a
cough or a history of weight loss that would suggest a pulmonary malignancy.

E - Tumor in the adrenal cortex

Explanation Why

A tumor in the adrenal cortex can cause primary hyperaldosteronism (Conn syndrome), which may
lead to hypertension and, occasionally, mild hypernatremia (145-150 mEq/L). However, on its own,
primary hyperaldosteronism would not cause polyuria, polydipsia, or features of dehydration such as
decreased skin turgor. Hypokalemia caused by primary hyperaldosteronism can desensitize the renal
tubules to ADH and, consequently, lead to mild nephrogenic DI, which this patient has. However,
this patient's potassium levels are normal.
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Question # 27

A 69-year-old white man comes to the physician because of a 15-day history of fatigue and lower leg
swelling. Over the past 8 months, he has had a 3.8-kg (8.3-1b) weight loss. He has smoked one pack of
cigarettes daily for 48 years. Vital signs are within normal limits. He appears thin. Examination shows
2+ pretibial edema bilaterally. An x-ray of the chest shows a right upper lobe density. Laboratory studies
show:

Hemoglobin 11.3 g/dL

Leukocyte count 8600/mm°

Platelet count 140,000/mm3
Serum
Urea nitrogen 25 mg/dL

Glucose (fasting) || 79 mg/dL

Creatinine 1.7 mg/dL

Albumin 1.6 mg/dL

Total cholesterol || 479 mg/dL

Urine
Blood negative
Glucose negative
Protein 4+
WBC 0—1/hpf

Fatty casts numerous
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Light microscopic examination of a kidney biopsy shows thickening of glomerular capillary loops and
the basal membrane. Which of the following is the most likely diagnosis?

Answer

Image

A || Granulomatosis with polyangiitis

B || Membranoproliferative glomerulonephritis

C || Focal segmental glomerulosclerosis

D || Rapidly progressive glomerulonephritis

E || Membranous nephropathy
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Hint

This patient presents with proteinuria, hypoalbuminemia, edema, and hyperlipidemia — the defining
features of nephrotic syndrome. Additionally, the radiographic findings combined with his recent weight
loss and history of smoking is highly suggestive of lung cancer. Which of the following is the most
likely renal pathology in a white adult with cancer?
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Correct Answer

A - Granulomatosis with polyangiitis

Explanation Why

GPA manifests with constitutional symptoms (fatigue, weight loss, fever, arthralgia) accompanied by
pulmonary and nasopharyngeal involvement (e.g., chronic sinusitis, rhinitis, otitis media) and/or skin
lesions, which this patient does not have. In later stages, more serious manifestations may arise,
including pulmonary complications and glomerulonephritis that is characterized by nephritic

syndrome.

B - Membranoproliferative glomerulonephritis

Explanation Why

MPGN can arise in association with SLE, hepatitis C, or MGUS, or may be due to overactivation of
the alternative complement pathway. Active disease usually presents with microscopic hematuria
with a varying degree of proteinuria and elevated creatinine. Unlike this patient, biopsy results in
MPGN would show thickening and splitting of the glomerular basement membrane ("train-track"
appearance).

C - Focal segmental glomerulosclerosis

Explanation Why

FSGN is the most common cause of nephrotic syndrome in black adults. It can arise in association
with heroin abuse, HIV infection, obesity, and sickle cell disease. This patient does not have any of
these risk factors, making FSGS an unlikely diagnosis. In addition, biopsy results in FSGN would
show segmental sclerosis and loss of podocytes.
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D - Rapidly progressive glomerulonephritis

Explanation Why

RPGN can occur in association with numerous glomerulonephritides and is characterized by
macroscopic hematuria, elevated inflammatory markers (e.g., leukocytosis), rapid increases in BUN
and serum creatinine, and nephritic sediment on urinalysis (not present in this patient). Biopsy results
in RPGN would show a crescent-moon-shaped extracapillary cell proliferation that displaces the

glomerulus.

Explanation Why

Membranous nephropathy is the most common cause of nephrotic syndrome in white adults.
Although the majority of cases are idiopathic, the condition can arise in association with solid
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malignancies, such as lung cancer, particularly in patients > 65 years. Deposition of antibodies
between podocytes and the basal membrane causes thickening of glomerular capillary loops and the
basal membrane, which in turn leads to nephrotic syndrome.
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Question # 28

A 20-year-old man comes to the physician because of dark urine and decreased urine output for 2 days.
He had a skin infection that required antibiotic treatment 3 weeks ago but stopped the antibiotics early
because the infection had resolved. His blood pressure is 140/90 mm Hg. Physical examination shows
periorbital edema bilaterally. A photomicrograph of a renal biopsy specimen is shown. Further
evaluation of this patient is most likely to show which of the following findings?

Answer Image

A || Mutation in type I'V collagen

B || Impaired glutathione regeneration
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Answer

Mesangial IgA deposition

Increased serum creatine phosphokinase

Decreased platelet count

Elevated Anti-DNase B titer
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Hint

This patient presents with features of nephritic syndrome (i.e., oliguria, dark urine due to hematuria,
periorbital edema, and hypertension) after a recent skin infection, most likely caused by group A beta-
hemolytic streptococci (GAS). The image shows an enlarged hypercellular glomerulus with numerous
inflammatory cells, which is characteristic of glomerulonephritis.
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Correct Answer

A - Mutation in type IV collagen

Explanation Why

A mutation in type IV collagen causes Alport syndrome, which manifests with features of
glomerulonephritis (i.e., dark-colored urine due to hematuria, hypertension, and edema), which are
seen in this patient. However, most symptomatic patients present in infancy or childhood and also
have sensorineural hearing loss. Furthermore, a renal biopsy would show mesangial cell proliferation
and sclerosis.

B - Impaired glutathione regeneration

Explanation Why

Impaired glutathione regeneration is seen in patients with G6PD deficiency. Glutathione is an
important antioxidant. A deficiency of it renders RBCs susceptible to oxidative stress (e.g., a recent
infection), which results in episodic hemolytic anemia. Although it may manifest with dark urine
(hemoglobinuria), concomitant renal dysfunction is not typically seen in G6PD deficiency.
Furthermore, other typical features of G6PD deficiency, e.g., abdominal pain, back pain, jaundice,
and splenomegaly, would also be expected in this patient.
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C - Mesangial IgA deposition

Explanation Why

Mesangial IgA deposits on renal biopsy are a characteristic finding in patients with IgA nephropathy.
IgA nephropathy commonly manifests with features of nephritic syndrome (i.e., hematuria, edema,

hypertension) in individuals in their 2 ¢6 3™ decade of life, which is consistent with this patient's
age. However, it typically occurs immediately following or during a mucosal infection (e.g., upper
respiratory tract and gastrointestinal infections), not several weeks after a skin infection.
Additionally, most patients also have flank pain and a low-grade fever, which are absent in this case.

D - Increased serum creatine phosphokinase

Explanation Why

Elevated creatine phosphokinase is a marker of rhabdomyolysis, which can manifest with renal
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dysfunction and dark urine (due to myoglobinuria). Severe viral infections can cause myositis and
rhabdomyolysis, but these features would not be expected following a localized skin infection. Renal
biopsy is not required to diagnose rhabdomyolysis but, if performed, would show evidence of acute
tubular necrosis (i.e., normal glomeruli and necrosed tubular epithelial cells).

E - Decreased platelet count

Explanation Why

Thrombocytopenia in a patient with recent-onset renal dysfunction is typically seen in hemolytic
uremic syndrome (HUS). Although HUS can manifest with hematuria, edema, and hypertension,
evidence of hemolytic anemia (i.e., pallor, icterus) and thrombocytopenia (i.e., mucocutaneous
bleeding) would also be expected. In addition, renal dysfunction in HUS is typically preceded by a
history of bloody diarrhea (not a skin infection) from infection with Shiga toxin-producing bacteria
(e.g., EHEC, Shigella) and most commonly occurs in children rather than adults. Furthermore, a
renal biopsy in HUS would show microthrombi in the glomerular capillaries.
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Explanation But

Laboratory studies in this patient would also show a decreased C3 complement level due to increased
complement consumption. ASO titers may also be elevated but may be falsely negative, especially
after a GAS skin infection, as in this case.

Explanation Why

Elevated anti-DNase B titers indicate a recent infection by GAS. Infection with nephritogenic strains
of GAS results in subepithelial immune complex deposition within the glomerular basement
membrane (type III hypersensitivity reaction), which activates the complement system. This results
in glomerular inflammation and nephritic syndrome, which is then known as poststreptococcal
glomerulonephritis (PSGN). Although PSGN is more common in young children and the elderly, it
can occur at any age. Adults are more likely to suffer from lasting kidney damage after PSGN, while
the vast majority (> 90%) of children will fully recover.
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Question # 29

A 42-year-old man comes to the physician because of fatigue and decreased urination for the past
3 days. His creatinine is 2.5 mg/dL. A photomicrograph of a biopsy specimen of the right kidney is
shown. Which of the following mechanisms most likely contributed to this patient's biopsy findings?

Answer Image

Fibrin formation in Bowman
space
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Answer
B Segmental collapse of
glomerular capillaries
C Effacement of podocyte foot
processes
D Expansion of the mesangial
matrix
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Answer

Image

Deposition of immunoglobulin

light chains
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Hint

This patient's kidney biopsy shows crescent formation, a sign of rapidly progressive glomerulonephritis
(RPGN).
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Correct Answer

Explanation Why

Fibrin formation inside the Bowman space is characteristic of RPGN. Damage to the glomerular
capillary wall, basement membrane, and Bowman capsule can lead to leakage of plasma proteins and
inflammatory cells (e.g., macrophages, T cells) from both the renal interstitium and plasma. The
crescent is formed by coagulation factors that create a fibrin clot, and by the proliferation of cells,
such as macrophages, fibroblasts, and endothelial cells. The fibrin crescent occupies the Bowman
space and compresses the glomerulus, impairing renal function. RPGN is associated with
Goodpasture syndrome, lupus nephritis, granulomatosis with polyangiitis, and microscopic
polyangiitis.

B - Segmental collapse of glomerular capillaries
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Explanation Why

Segmental collapse of glomerular capillaries is seen in focal segmental glomerulosclerosis (ESGS),
which typically occurs in Hispanic and African American adults (primary FSGS) or patients with
risk factors such as heroin abuse, HIV infection, obesity, and sickle cell disease (secondary FSGS),
and causes nephrotic syndrome or chronic renal failure, unlike this patient with acute renal failure.
Also, biopsy findings in FSGS include segmental sclerosis and hyaline deposits within capillary
tufts, unlike the crescent formation involving a different region of the glomerulus in this patient's
biopsy.

C - Effacement of podocyte foot processes

Image

Explanation Why

Effacement of podocyte foot processes is an electron microscopy finding in minimal change disease
(MCD) and focal segmental glomerulosclerosis (FSGS). MCD presents in children with nephrotic
syndrome; it usually has a good prognosis and does not progress to renal failure. In addition, renal
biopsy in patients with MCD would appear normal. FSGS typically occurs in adults and causes
nephrotic syndrome or chronic renal failure, unlike this patient with acute renal failure. Also, biopsy

https://t.me/USMLEAmMboss https://t.me/USMLEAmbOSS


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

findings in FSGS include segmental sclerosis and hyaline deposits within capillary tufts, unlike the
crescent formation involving a different region of the glomerulus in this patient's biopsy.

D - Expansion of the mesangial matrix

Explanation Why

Expansion of the mesangial matrix is seen in diabetic nephropathy, which would cause nephrotic
syndrome and chronic renal failure, unlike this patient with acute renal failure, and a renal biopsy
would typically show eosinophilic nodular glomerulosclerosis (Kimmelstiel-Wilson nodules).
Expansion of the mesangial matrix is not seen in this patient's biopsy
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E - Deposition of immunoglobulin light chains

Image

Explanation Why

Deposition of immunoglobulin light chains is characteristic of primary amyloidosis, which typically
occurs in patients with multiple myeloma and causes nephrotic syndrome or chronic renal failure,

unlike this patient with acute renal failure. Renal biopsy of patients with amyloid nephropathy would
show subendothelial and mesangial amyloid deposits with green birefringence under polarized light,

unlike the findings that are seen in this patient's biopsy.

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Question # 30

A 54-year-old woman comes to the physician for a follow-up examination after presenting with elevated
blood pressure readings during her last two visits. After her last visit 2 months ago, she tried controlling
her hypertension with weight loss before starting medical therapy, but she has since been unable to lose

any weight. Her pulse is 76/min, and blood pressure is 154/90 mm Hg on the right arm and

155/93 mm Hg on the left arm. She agrees to start treatment with a thiazide diuretic. In response to this

treatment, which of the following is most likely to decrease?

Answer

Image

A || Serum uric acid levels

B || Urinary calcium excretion

B, Osmatic diuretics

BD

C || Urinary sodium excretion

D || Serum glucose levels

E || Serum lipid levels

F || Urinary potassium excretion
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Hint

Thiazide diuretics act by inhibiting Na'-CI cotransporters in the early distal tubule of the kidney.
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Correct Answer

A - Serum uric acid levels

Explanation Why

Thiazide diuretics increase rather than decrease serum uric acid levels by competing for the same
binding site in the renal tubule transporters. Furthermore, the diuretic effect of thiazides leads to
plasma volume depletion (dehydration) with subsequent hemoconcentration and increase of uric
acid.
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Explanation Why

Thiazide diuretics (e.g., hydrochlorothiazide) can increase serum calcium levels by decreasing the

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

excretion of calcium in the urine. Other adverse effects include hypokalemia, hypomagnesemia,

hyperglycemia, hyperlipidemia, and hyperuricemia. The inhibition of renal Na'-CI cotransporters in
the early distal tubule causes a net urine loss of positive ions such as sodium. This is compensated by
increased renal tubular reabsorption of calcium to maintain electrochemical balance. Thiazide
diuretics are used mainly in the treatment of hypertension, but their effect on serum and urinary
calcium concentration can also be used for management of osteoporosis and for prevention of
calcium kidney stones.

C - Urinary sodium excretion

Explanation Why

Thiazide and most other diuretics decrease serum sodium concentration by increasing loss of sodium

in the urine. The diuretic effect of thiazides is due to decrease reabsorption of renal Na', which
creates an osmotic gradient for fluid to be excreted in the urine.

D - Serum glucose levels

Explanation Why

Rather than decrease serum glucose levels, thiazide diuretics worsen insulin resistance, which in turn
increases serum glucose levels. Moreover, the plasma volume loss resulting from diuretics
reflexively activates the sympathetic system, which, in turn, also contributes to an increase in serum
glucose levels by activating gluconeogenesis.

E - Serum lipid levels

Explanation Why

Rather than decrease lipid levels, thiazide diuretics increase total serum cholesterol levels, mildly
increase low-density lipoproteins, and increase triglyceride levels. Thiazides do not have a
substantial effect on high-density lipoprotein cholesterol levels.
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F - Urinary potassium excretion

Explanation Why

Rather than decrease potassium excretion, thiazides and most other diuretics (except potassium-
sparing agents) increase potassium excretion in the urine due to increased exchange of potassium for

sodium via the Na'-K " cotransporter in the late distal tubule. To avoid hypokalemia, thiazide
diuretics may be combined with potassium-sparing diuretics.
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Question # 31

A 44-year-old man comes to the physician because of a 2-week history of lower extremity swelling and
frothy urine. He has a history of chronic hepatitis C infection. Physical examination shows 3+ pitting
edema of the lower legs and ankles. Further evaluation of this patient is most likely to show which of the

following?

Answer

Image

A || Decreased blood urea nitrogen

B || Decreased cholesterol

C || Increased lipoproteins

D || Decreased cystatin C

E Increased antithrombin 111

F || Increased immunoglobulins
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Hint

This patient with pitting edema and frothy urine (indicates proteinuria) most likely has nephrotic
syndrome, which is characterized by structural damage to the glomerular filtration barrier resulting in a
loss of protein. Hepatitis C infection is associated with membranous nephropathy, which typically
presents with nephrotic syndrome.
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Correct Answer

A - Decreased blood urea nitrogen

Explanation Why

Decreased blood urea nitrogen can be seen in malnutrition due to decreased protein intake; urea is a
nitrogenous breakdown product of proteins. In nephrotic syndrome, BUN would most likely be
normal (or slightly elevated) due to hemoconcentration secondary to third-spacing of fluid. Elevated
BUN levels would indicate progression of renal impairment.

B - Decreased cholesterol

Explanation Why

Structural damage to the glomerular filtration barrier in nephrotic syndrome can result in loss of
cholesterol and triglycerides in the urine (i.e., lipiduria). However, the loss of protein caused by
nephrotic syndrome causes the liver to increase cholesterol production in an attempt to maintain the
oncotic pressure. This results in increased rather than decreased serum cholesterol levels.

Explanation But

Proteinuria also leads to loss of antithrombin III (resulting in hypercoagulability), antibodies
(increased risk of infection), and various transport proteins (risk of vitamin D deficiency, thyroxine
deficiency, and altered pharmacodynamics of drugs).

Explanation Why

Hypoalbuminemia due to loss of protein in the urine leads to reduced oncotic pressure, which results
in a shift of water into the interstitium and subsequent edema formation. Decreased renal blood flow
activates the RAAS to increase renal water and salt reabsorption, thereby worsening the edema. To
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maintain the oncotic pressure, an increase in hepatic lipoprotein synthesis occurs. Increased
glomerular permeability results in lipiduria and fatty casts in the urine.

D - Decreased cystatin C

Explanation Why

Cystatin C levels, which are used to assess kidney function, would be normal rather than decreased
in nephrotic syndrome. In the event that this patient develops acute kidney injury (e.g., due to
hypovolemia from severe third-spacing of fluid), increased cystatin C levels would be expected.

E - Increased antithrombin I11

Explanation Why

Structural damage to the glomerular filtration barrier in nephrotic syndrome results in increased renal
excretion of antithrombin III. Therefore, antithrombin III would be decreased rather than increased in
this patient. Decreased antithrombin III levels, a deficiency in other anticoagulant proteins (e.g.,
protein C, protein S), increased production of fibrinogen, as well as hemoconcentration from third-
spacing of fluid result in a hypercoagulable state.

F - Increased immunoglobulins

Explanation Why

An increase in serum immunoglobulin levels is classically seen in viral and bacterial infections.
Because immunoglobulins are excreted renally, structural damage to the glomerular filtration barrier
(as seen in nephrotic syndrome) would result in a loss of immunoglobulins. Therefore, decreased
levels of circulating immunoglobulins with an increased risk of infection would be expected in this
patient.
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Question # 32

A 45-year-old man comes to the emergency department because of hematuria and bilateral flank pain.
He has passed urinary stones twice before and has a history of recurrent urinary tract infections. He
reports no recent trauma. His father had a history of kidney failure and underwent a kidney transplant.
His temperature is 38.0°C (100.4°F), pulse is 110/min, and blood pressure is 155/98 mm Hg. Abdominal
examination shows palpable, bilateral flank masses. Results of a complete blood count are within the
reference range. His serum creatinine concentration is 2.9 mg/dL. Which of the following findings is

most likely to be associated with this patient's condition?

Answer

Image

A || Colonic wall ulcerations

B Vesicoureteral reflux

C || Portal hypertension

D || Osteolytic bone lesions

E || Cerebral saccular aneurysm

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Hint

A combination of recurrent UTIs, bilateral flank masses, hypertension, and elevated serum creatinine in
an adult with a positive family history indicates autosomal dominant polycystic kidney disease
(ADPKD), a disorder characterized by progressive cystic dilatation of the cortex and medulla.
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Correct Answer

A - Colonic wall ulcerations

Explanation Why

Polycystic kidney disease often affects other organs besides the kidneys. Gastrointestinal
involvement includes colonic diverticula and abdominal hernias. It is not associated with colonic
wall ulcerations.

B - Vesicoureteral reflux

Explanation Why

Vesicoureteral reflux can cause recurrent urinary tract infections and eventual kidney failure, as seen
in this patient. Although pyelonephritis from VUR could explain this patient's fever, hematuria, and
flank pain, the findings of bilateral involvement and palpable masses would be rare. Moreover, VUR
most commonly presents during childhood and would not account for this patient's hypertension or

family history.

C - Portal hypertension

Explanation But

Portal hypertension (due to congenital hepatic fibrosis) is one of the extrarenal manifestations of
autosomal recessive polycystic kidney disease.

Explanation Why

Over 50% of patients with ADPKD develop benign hepatic cysts. In extremely rare cases, extensive
hepatic cysts can lead to portal hypertension due to distortion of portal vein and venules. However,
another finding is much more likely to be associated with this patient's ADPKD.
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D - Osteolytic bone lesions

Explanation Why

Osteolytic bone lesions could indicate bone metastasis of a renal cell carcinoma (RCC), which could
also cause flank masses, hematuria, and flank pain. Additionally, RCC is associated with arterial
hypertension. However, besides fever, this patient does not have any constitutional symptoms,
including weight loss, fatigue, or night sweats, making this diagnosis less likely. Additionally,
anemia is usually present and bilateral involvement would also be rare, though patients with ADPKD
may have an increased risk of RCC. Lastly, the father's history of a kidney transplantation indicates a
hereditary factor, but most cases of RCC are sporadic. Although RCC cannot be completely ruled out
without imaging, a common association with ADPKD is much more likely.

Explanation But

ADPKD results from a mutation in PKD1 gene on chromosome 16 (85% of cases) or PKD2 gene on
chromosome 4 (15% of cases).

Explanation Why

A cerebral saccular aneurysm can occur in up to 20% of patients with ADPKD. Other extrarenal
manifestations of ADPKD include multiple hepatic cysts (in up to 70% of cases), hypertension
(which is present in this patient), and mitral valve prolapse. This patient's low-grade fever is likely
due to another urinary tract infection.
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Question # 33

A 60-year-old, multiparous, woman comes to the physician because of urinary leakage for the past

4 months. She involuntarily loses a small amount of urine after experiencing a sudden, painful sensation
in the bladder. She wakes up at night several times to urinate, and she sometimes cannot make it to the
bathroom in time. She has diabetes mellitus type 2 controlled with insulin and a history of pelvic organ
prolapse, for which she underwent surgical treatment 5 years ago. Menopause was 11 years ago. She
drinks 4-5 cups of coffee daily. Pelvic examination shows no abnormalities, and a Q-tip test is negative.
Ultrasound of the bladder shows a normal postvoid residual urine. Which of the following is the

underlying cause of this patient's urinary incontinence?

Answer

Image

A || Recurrent pelvic organ prolapse

B || Decreased pelvic floor muscle tone

C || Increased detrusor muscle activity

D || Increased urine bladder volumes

E || Excessive caffeine consumption

F || Decreased estrogen levels
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Hint

This patient most likely has urge incontinence, as evidenced by her sudden urge to urinate resulting in
frequent small volume voids. This condition can also cause nocturia, and be exacerbated by bladder
irritants (e.g., caffeine).
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Correct Answer

A - Recurrent pelvic organ prolapse

Explanation Why

Early stage pelvic organ prolapse and stress incontinence often co-occur, as both can result from
vaginal wall weakening. Since the patient underwent surgery for pelvic organ prolapse in the past, a
recurrent pelvic organ prolapse is possible, but prolapse does not cause urinary incontinence in itself.
In fact, advanced stages of pelvic organ prolapse may be associated with improvements in
incontinence due to kinking of the urethra. Importantly, pelvic organ prolapse is not associated with
urge incontinence.

B - Decreased pelvic floor muscle tone

Explanation Why

Stress incontinence can result from decreased pelvic floor muscle tone in which the urethra and
bladder neck cannot completely close against the anterior vaginal wall. As a result, increases in intra-

abdominal pressure (e.g., coughing, sneezing, lifting) force urine through an incompletely closed
urethra. Although this patient was likely suffering from decreased pelvic floor muscle tone before
she underwent surgical treatment for symptomatic pelvic organ prolapse, she currently has no
evidence of stress incontinence (her Q-tip test is negative, has leakage of urine unrelated to

coughing).

Explanation Why

Urge incontinence can result from increased detrusor muscle activity, which causes involuntary
detrusor muscle contraction and urinary tenesmus that lead to a sudden release of urine.
Antimuscarinic agents (e.g., oxybutynin) can help treat this condition by decreasing detrusor muscle
tone.
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D - Increased urine bladder volumes

Explanation Why

Autonomic diabetic neuropathy can lead to an underactive detrusor that does not effectively contract
enough to empty, resulting in overflow incontinence. Despite this patient's history of diabetes
mellitus, overflow incontinence usually causes continuous urinary leakage or dribbling (not sudden
episodes of urinary loss), and postvoid residual urine volumes would be increased.

E - Excessive caffeine consumption

Explanation Why

Excessive caffeine consumption can exacerbate the symptoms of urinary incontinence by increasing
the volume of daily urine (due to the caffeine's diuretic effect) and irritating the bladder lining.
Therefore, this patient should be advised to limit her caffeine consumption. However, caffeine
consumption in itself does not cause urinary incontinence.

F - Decreased estrogen levels

Explanation Why

Decreased estrogen levels in postmenopausal women can result in atrophy of the urethral mucosal
layers (e.g., decreased urethral mucosal seal, decreased urethral compliance, increased urethral
irritation), all of which can contribute to incontinence. Although this patient's postmenopausal
estrogen levels may be a contributing factor for her incontinence, her sudden urge to void with loss
of urine suggests that urge incontinence is the primary etiology.
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Question # 34

A 22-year-old man comes to the emergency department because of several episodes of blood in his urine
and decreased urine output for 5 days. His blood pressure is 158/94 mm Hg. Examination shows

bilateral lower extremity edema. Urinalysis shows 3+ protein and red blood cell casts. Mass
spectrometry analysis of the urinary protein detects albumin, transferrin, and IgG. Which of the
following best describes this type of proteinuria?

Answer

Image

A || Tubular

B Overflow

C || Selective glomerular

D || Postrenal

E || Nonselective glomerular
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Hint

The patient's hematuria, proteinuria, oliguria, hypertension, and peripheral edema are consistent with
nephritic syndrome. The albumin, transferrin, and IgG detected in his urine are normally all found in the
serum, indicating a breakdown of the barrier between systemic circulation and the nephron.

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Correct Answer

A - Tubular

Explanation Why

Tubular proteinuria results from damage to the kidney tubules and failure to reabsorb small-sized
proteins, such as beta-2 microglobulin. These micromolecules are freely filtered across the glomeruli
and reabsorbed in the proximal tubule under normal circumstances. Tubulointerstitial diseases that
disrupt the reabsorptive mechanisms of the kidney can cause tubular proteinuria. The lack of small-
sized proteins in the mass spectrometry analysis of this patient's urine makes this diagnosis unlikely.

B - Overflow

Explanation Why

Overflow proteinuria is detected in diseases with increased production of proteins that exceed the
reabsorption capacity of the tubules. Small-sized proteins, such as Bence-Jones proteins (due to
multiple myeloma), hemoglobin (due to hemolysis), and myoglobin (due to rhabdomyolysis), are
typically encountered in overflow proteinuria. The lack of small-sized proteins in the mass
spectrometry analysis of this patient's urine, and the presence of albumin, transferrin, and IgG, makes
the diagnosis of overflow proteinuria unlikely.

C - Selective glomerular

Explanation Why

Selective glomerular proteinuria results from loss of the negative charge of the glomerular basement
membrane and can be found in diseases that course with mild damage to the glomerular architecture
(e.g., minimal change disease). Selective proteinuria is defined by the presence of small- to medium-
sized proteins (predominantly albumin) in the urine, but other macromolecules, such as transferrin
and IgG, are usually absent.
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D - Postrenal

Explanation Why

Postrenal proteinuria develops as a result of increased deposition of proteins in the urine from any
part of the urinary tract that is distal to the renal pelvis. Causes of postrenal proteinuria include
genitourinary infection, inflammation, trauma, nephrolithiasis, and tumors. Although small amounts
of immunoglobulins, such as this patient's IgG, can be found in postrenal proteinuria, albumin and
transferrin would not be expected.

Explanation Why

Nonselective proteinuria (e.g., with a mix of albumin, transferrin, and IgG) results from increased
permeability to macromolecules and frequently occurs in diseases that disrupt the glomerular
basement membrane (e.g., RPGN). The glomerular damage can be caused by a variety of conditions
such as autoimmune, hereditary, and infectious diseases. Unlike selective proteinuria that reflects
mild distortion to the glomerular architecture, nonselective proteinuria reflects severe and extensive
damage to the glomeruli.
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Question # 35

A 72-year-old multiparous woman comes to the physician for the evaluation of episodes of involuntary
urine leakage for the past 6 months. She loses small amounts of urine without warning after laughing or
sneezing. She also sometimes forgets the names of her grandchildren and friends. She is retired and lives
at an assisted-living facility. She has insulin-dependent diabetes mellitus type 2. Her mother received a
ventriculoperitoneal shunt around her age. She walks without any problems. Sensation to pinprick and
light touch is normal. Which of the following is the primary underlying etiology for this patient's urinary

incontinence?

Answer

Image

A || Detrusor-sphincter dyssynergia

B || Detrusor overactivity

C || Urethral hypermobility

D || Decreased cerebrospinal fluid absorption

E || Impaired detrusor contractility

F || Loss of sphincter control
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Hint

Urinary leakage upon activities that increase intra-abdominal pressure is suggestive of stress
incontinence.
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Correct Answer

A - Detrusor-sphincter dyssynergia

Explanation Why

Detrusor-sphincter dyssynergia is the underlying mechanism of reflex incontinence, which is
characterized by unpredictable urinary leakage that occurs when the bladder is full or otherwise
stimulated (e.g., by cold air). This occurs due to simultaneous dyssynergistic contractions of the
sphincter and the detrusor muscle, brought about by an underlying neurologic condition like multiple
sclerosis or spinal cord injury. This patient has no such condition and exhibits urinary expulsion that
is preceded by physical stress.

B - Detrusor overactivity

Explanation Why

Detrusor overactivity is an important cause of urge incontinence. This form of urinary incontinence
is characterized by a strong, sudden urge to urinate, which results in involuntary leakage of urine.
However, this patient exhibits urinary expulsion that is not preceded by an urge to urinate.

Explanation But

Intrinsic sphincter deficiency is another underlying cause in stress incontinence; impairment of
urethral sphincter function results in urine loss at lower than usual abdominal pressures.

Explanation Why

Urethral hypermobility is one of the most common causes of stress incontinence and is caused by
impaired support from the pelvic floor. At times of increased intra-abdominal pressure (e.g.,
laughing, coughing, sneezing), the proximal urethra and the bladder neck descend out of the pelvis
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and transit more pressure to the bladder. During this process, intraurethral pressure falls below
bladder pressure, resulting in urine leakage. This patients age, previous childbirths, and
postmenopausal estrogen loss are likely contributing factors to the development of a weakened
pelvic floor and thus urethral hypermobility.

D - Decreased cerebrospinal fluid absorption

Explanation Why

Decreased CSF absorption is the underlying pathology in normal pressure hydrocephalus (NPH). It
often manifests in adults > 60 years of age and commonly presents with signs of dementia and
urinary incontinence, which are both seen in this elderly patient. However, the absence of gait
disturbance, which is typically the initial and most prominent symptom of the disease, makes this
diagnosis unlikely. Also, the incontinence in NPH is usually an urge-type, in which the patient would
experience a strong, sudden urge to urinate, followed by urinary leakage. Since this patient exhibits
urinary expulsion that is not preceded by an urge to urinate, decreased CSF absorption is unlikely to
be the underlying cause.

E - Impaired detrusor contractility

Explanation Why

Impaired detrusor contractility is the underlying mechanism of overflow incontinence, which is
characterized by frequent, involuntary dribbling of urine that occurs when the bladder is full. Since
this patient exhibits urinary expulsion that is preceded by physical stress rather than a feeling of
bladder fullness, this is unlikely to be the underlying cause.

F - Loss of sphincter control

Explanation Why

A loss of sphincter control would cause total incontinence, which is characterized by urinary leakage
that continuously occurs without associated preceding symptoms or specific trigger activity. Loss of
sphincter function is unlikely in this patient who exhibits urinary expulsion that is preceded by
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physical stress.
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Question # 36

A 68-year-old male comes to the physician for evaluation of right flank pain. He has a history of
diabetes and peripheral artery disease. His blood pressure is 160/90 mm Hg. Physical examination
shows abdominal tenderness and right flank tenderness. An ultrasound shows dilation of the right ureter
and renal pelvis. Which of the following is the most likely underlying cause of this patient's condition?

Answer

Image

A || Renal artery stenosis

B || Benign prostatic hyperplasia

C || Recurrent urinary tract infection

D || Diabetic nephropathy

E || Common iliac artery aneurysm

F Urethral stricture
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Hint

This patient's unilateral hydronephrosis is most likely caused by urinary tract obstruction.
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Correct Answer

A - Renal artery stenosis

Explanation Why

Renal artery stenosis can cause reduced blood flow to the kidneys and result in renal ischemia. Lack
of blood flow also causes activation of RAAS, which leads to hypertension. However, renal artery
stenosis would not cause abdominal or right flank tenderness. Furthermore, it is not a known cause of
hydronephrosis.

B - Benign prostatic hyperplasia

Explanation Why

The urethra runs through the prostate just distal to the bladder. Enlargement of the prostate, as seen
in BPH, can cause blockage of the urethra, resulting in bladder outlet obstruction. Patients with BPH
typically present with urinary frequency, urgency, and urge incontinence, not abdominal pain.
Moreover, this type of obstruction would result in bilateral, not unilateral, hydronephrosis.

C - Recurrent urinary tract infection

Explanation Why

Over time, recurrent UTIs can cause chronic pyelonephritis and chronic kidney damage, which can
manifest as abdominal flank pain and hypertension. Although this patient's history of diabetes is a
risk factor for recurrent UTIs, UTIs alone would not explain his hydronephrosis. Chronic urinary
tract obstruction, on the other hand, would explain both hydronephrosis and recurrent UTIs.
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D - Diabetic nephropathy

Explanation Why

Longstanding and uncontrolled diabetes can result in a reduction of GFR and subsequent renal
failure. Chronic renal failure typically does not cause flank or abdominal pain, but it can manifest
with hypertension. Diabetic nephropathy does not cause hydronephrosis.

Explanation Why

This patient's right flank tenderness, abdominal pain, and hypertension are all symptoms of urinary
tract obstruction, which can, over time, lead to hydronephrosis. The middle portion of the ureter runs
anterior to the common iliac artery on its way from the kidney to the bladder. Although rare, large
aneurysms of the common, external, or internal iliac artery may compress the ureter, causing an
extrinsic urinary tract obstruction and resulting in unilateral hydronephrosis.

F - Urethral stricture

Explanation Why

The urethra originates from the bladder. A urethral stricture would result in a bladder outlet
obstruction. This type of obstruction would result in bilateral, not unilateral, hydronephrosis.
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Question # 37

A healthy 32-year-old woman enrolls in a study investigating kidney function. Her renal plasma flow
(RPF) is 600 mL/min. She is administered an intravenous substance that does not undergo tubular
reabsorption. The following sets of measurements are taken every 10 minutes:

Plasma concentration of substance || Excretion rate of substance
Set1 (| 0.1 mg/mL 60 mg/min
Set2 ([ 0.15 mg/mL 90 mg/min
Set3 (| 0.2 mg/mL 104 mg/min
Set4 (| 0.25 mg/mL 110 mg/min
Set5 || 0.3 mg/mL 116 mg/min

This patient was most likely administered which of the following substances?

Answer Image
A || Cystatin C
Urine concentration
B Glucose

—= Plasma concentration
(mmol/1)
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Answer Image
2,001 [TF] : [P] > 1 when
TF] : [P] = L when,
Para-aminohippurate
TF): [P] < Lwher
: o s

Section of PCT

Inulin

Urine concentration

Plasma concentration
(mmol/T)

Tohexol
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Hint

The rate of excretion of a solute is equal to the sum of its filtration rate plus its secretion rate minus its
reabsorption rate. Filtration of a solute is directly proportional to its plasma concentration, whereas
secretion of a solute often reaches a transport maximum when the transporters are saturated. According
to the changes in excretion rate seen in this set of measurements, a substance that undergoes both free
filtration and secretion was administered.
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Correct Answer

A - Cystatin C

Explanation Why

Cystatin C is a protein produced in the human body and is freely filtered in the kidneys. Although it
is reabsorbed in the proximal tubule, it is not returned to the circulation, but undergoes immediate
catabolization. It is not secreted in the tubular system. Therefore, the excretion rate of cystatin C is
solely dependent on glomerular filtration. Since filtration of a solute is directly proportional to its
plasma concentration, a linear rise in excretion rate would be expected. However, the substance
administered to this patient shows a decreasing excretion slope above a specific excretion rate.
Cystatin C is commonly used to estimate renal function, as its plasma concentration rises
proportionally to a declining GFR.

B - Glucose

Image

Urine concentration

= Sl L = - Plasma concentration
10 20 30 40 {ITIITICIV”
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Explanation Why

Glucose is reabsorbed by the kidneys to a patient-specific threshold concentration (about 180 mg/
dL), after which it is excreted; it is not secreted. A renal blood flow table illustrating glucose

excretion would show 0 mg/min at low plasma concentrations, followed by an increase in the
excretion rate proportional to rising plasma concentrations. This woman's set of measurement is
therefore inconsistent with glucose administration. Moreover, according to the study description, she
has been given a substance that does not undergo tubular reabsorption. Given the low blood
concentrations of the injected substance initially measured in this patient (0.1 mg/mL), if the
substance were glucose, it would mean that her blood glucose levels (10 mg/dL) would be so low as

to be incompatible with life.

< [Plasmal

[Tubular Auid]

osoF

0251

| | | 1 . |
25% 5085 75% 100%
Section of PCT

Explanation But

Effective renal plasma flow can be estimated from the clearance of PAH with the following formula:
eRPF = (urine concentration of PAH) x (urine flow rate/plasma concentration of PAH) = clearance of

PAH.

[TF]: [P] = 1 wher:

Net solute reabsorption
is decreased

[TF]:[P] = 1 when:

[TF]; [P] < 1 whery

Water
reabsorption
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Explanation Why

Para-aminohippurate (PAH) is a solute not naturally found in the human body that undergoes both

free glomerular filtration (filtration fraction is normally ~ 20%) and tubular secretion without being
reabsorbed. This means that nearly 100% of all PAH that reaches the kidney is excreted, making it a
popular choice for measuring renal plasma flow. Initially, PAH is excreted at an ideal rate that is
dependent on plasma concentration and RPF (excretion rate = plasma concentration x RPF; set 1: 0.1
mg/mL x 600 mL/min = 60 mg/min). However, once the transporters for secretion are saturated (at
about 80 mg/min), the excretion rate levels off (clearance decreases), as it is purely related to
filtration (set 5: (0.3 mg/mL x 600 mL/min) x 0.2 = 36 mg/min; 80 mg/min + 36 mg/min = 116 mg/
min). This patient's set of measurements is most consistent with administration of PAH.

D - Inulin

Image

Urine concentration

= | 1 o = - Plasma concentration
10 20 30 40 {(mmol/1)

Explanation Why

Inulin is freely filtered and neither reabsorbed nor secreted in the tubular system. Since filtration of a
solute is directly proportional to its plasma concentration, a linear rise in excretion rate would be
expected. However, the substance administered to this patient has a decreasing excretion slope above
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a specific excretion rate. Inulin can be used to calculate GFR, as the amount of it excreted in urine is
equivalent to the amount filtered by the kidneys.

E - Iohexol

Explanation Why

Iohexol is an IV or oral contrast dye commonly used in CT scans. It is freely filtered and neither
reabsorbed nor secreted in the tubular system. Since filtration of a solute is directly proportional to
its plasma concentration, a linear rise in excretion rate would be expected. However, the substance
administered to this patient has a decreasing excretion slope above a specific excretion rate. [ohexol
can be used to calculate GFR because the amount of it excreted in urine is equivalent to the amount
filtered by the kidneys.
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Question # 38

A 46-year-old man comes to the physician because of a 4-month history of progressively worsening
fatigue and loss of appetite. Five years ago, he received a kidney transplant from a living family

member. Current medications include sirolimus and mycophenolate. His blood pressure is

150/95 mm Hg. Laboratory studies show normocytic, normochromic anemia and a serum creatinine
concentration of 3.1 mg/dL; his vital signs and laboratory studies were normal 6 months ago. Which of

the following is the most likely underlying mechanism of this patient’s increase in creatinine

concentration?

Answer

Image

A || CD8+ T cell-mediated parenchymal cell damage

B || Donor T cell-mediated epithelial cell damage

C || Donor endothelial cell damage by preformed host antibodies

D || CD4+ T cell-mediated intimal smooth muscle proliferation

E || Drug-induced tubular vacuolization

F Reactivation of a latent BK virus infection
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Hint

This patient's hypertension and diminished renal function 5 years post-transplant suggest chronic
transplant rejection.
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Correct Answer

A - CD8+ T cell-mediated parenchymal cell damage

Explanation Why

CD8+ T cell-mediated parenchymal cell damage to the transplanted organ causes acute organ
rejection. This is a type IV hypersensitivity reaction in which donor MHC antigens activate the host's
immune system, leading to vasculitic damage in the grafted organ. Acute rejection most often
manifests with fever, flank pain, and new-onset edema; laboratory studies show a decrease in renal
functionality. This process occurs within weeks to months of the transplantation, so it would be
extremely unlikely for this patient to have acute organ rejection years after his operation.

B - Donor T cell-mediated epithelial cell damage

Explanation Why

Donor T cell-mediated epithelial cell damage to the host's tissue is consistent with graft-versus-host
disease (GvHD). GvHD is caused by immunocompetent T cells in the graft that recognize recipient
cells as foreign via a type IV hypersensitivity mechanism. This leads to profound multiorgan
dysfunction in the host that can manifest either acutely or chronically. This patient, however, has
isolated dysfunction of the transplanted organ, not of his native organs. Moreover, GvHD is usually
seen in hematopoietic stem cell or liver transplantation, but only rarely in kidney transplantation.

C - Donor endothelial cell damage by preformed host antibodies

Explanation Why

Donor endothelial cell damage by preformed host antibodies is the mechanism underlying
hyperacute rejection. Damage to the transplanted organ's endothelium leads to rapid-onset
thrombosis and graft ischemia, ultimately causing graft necrosis. Hyperacute rejection occurs within
48 hours after transplantation, most often within minutes. Failure of an organ years later, as seen in
this patient, cannot be attributed to hyperacute rejection.
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Explanation Why

Intimal smooth muscle proliferation mediated by CD4+ T cells is one of the histopathological
hallmarks of chronic organ rejection. The release of cytokines by host CD4+ T cells induces a type
IV hypersensitivity reaction, which damages the donor organ. Consequences of this injury include
arteriosclerosis due to intimal smooth muscle proliferation and interstitial fibrosis with atrophic
changes of the organ parenchyma. Chronic rejection of a transplanted organ is an irreversible
reaction that usually occurs a few years, and no earlier than 6 months, after transplantation. It
typically causes slow, progressive loss of organ function, which manifests with slowly rising serum
creatinine and new-onset hypertension and anemia, as seen in this patient.

E - Drug-induced tubular vacuolization

Explanation Why

Drug-induced tubular vacuolization can result from chronic therapy with calcineurin inhibitors such

as tacrolimus. Chronic tacrolimus nephrotoxicity would also involve progressive kidney dysfunction
and increased serum creatinine, which this patient presents with. However, this patient's regimen of

sirolimus and mycophenolate is not nephrotoxic.

F - Reactivation of a latent BK virus infection

Explanation Why

Reactivation of a latent BK virus infection can cause polyomavirus-associated nephropathy, which
manifests with progressive renal dysfunction (e.g., elevated serum creatinine and hypertension,
which this patient has). Unlike here, it also commonly involves hematuria. BK nephropathy most
frequently occurs 10—13 months after transplantation, though there are occasional reports of late-
onset cases. Although this is a possible etiology of this patient's presentation, it is not the most likely
explanation.
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Question # 39

A 54-year-old man comes to the physician for a follow-up examination after presenting with elevated
blood pressures on both arms at a routine visit 1 month ago. He feels well and takes no medications. He

is 178 cm (5 ft 10 in) tall and weighs 99 kg (218 1b); BMI is 31 kg/mz. His pulse is 76/min, and blood
pressure is 148/85 mm Hg on the right arm and 152/87 mm Hg on the left arm. Physical examination
and laboratory studies show no abnormalities. The physician recommends lifestyle modifications in
combination with treatment with hydrochlorothiazide. From which of the following embryological

tissues does the site of action of this drug arise?

Answer

Image

A || Ureteric bud

B || Metanephric blastema

C || Mesonephric duct

D || Pronephros

E || Mesonephros
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Hint

Thiazide diuretics such as hydrochlorothiazide decrease blood pressure by inhibiting the
Na'-CI” cotransporter in the distal convoluted tubule.
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Correct Answer

A - Ureteric bud

Explanation Why

The ureteric bud is part of the metanephros, the last of the three embryonic kidneys, which arises
during the 5™ week of embryonic development. The ureteric bud originates from the caudal end of
the mesonephric duct and differentiates into the ureter, renal pelvis, major calyces, minor calyces,

and collecting ducts. It does not develop into the distal convoluted tubule.

Explanation Why

The metanephric blastema is part of the metanephros, the last of the three embryonic kidneys, which

arises during the 5™ week of embryonic development. Induced by the ureteric bud, the metanephric
blastema differentiates into the glomerulus, proximal convoluted tubule, loop of Henle, and the distal
convoluted tubule, which is the site of action of hydrochlorothiazide.

C - Mesonephric duct

Explanation Why

The mesonephric (Wolffian) duct, a part of the mesonephros, differentiates into several structures in
the male reproductive system (epididymis, ductus deferens, seminal vesicle, and ejaculatory duct). In
female embryos, this structure degenerates because of a lack of stimulation by testosterone. The
mesonephric duct does not develop into mature renal tissue.
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D - Pronephros

Explanation Why

The pronephros, the first precursor of the developing kidney, arises in the cervical region of the

embryo during the 4™ week of embryonic development and migrates caudally to connect with the

pronephric duct. The pronephros is composed of nephrotomes and nephric tubules and has a

temporary excretory function. However, it degenerates completely before the 5™ week of embryonic
development and, therefore, does not develop into mature renal tissue.

E - Mesonephros

Explanation Why

The mesonephros, the second of the three embryonic kidneys, functions as a temporary excretory
system during the first trimester. Once the fetal kidneys have developed, the majority of the
mesonephros degenerates; therefore, it does not develop into mature renal tissue. The caudal part of
the mesonephros contributes to the mesonephric duct to form the ejaculatory duct, ductus deferens,
epididymis, and seminal vesicles.
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Question # 40

A 17-year-old boy is brought to the physician by his father because of a 7-month history of fatigue,
recurrent leg cramps, and increased urinary frequency. His pulse is 94/min and blood pressure is

118/85 mm Hg. Physical examination shows dry mucous membranes. Laboratory studies show:

Serum
Na' 130 mEq/L
Kt 2.8 mEq/L
Cr 92 mEq/L
Mg% 1.1 mg/dL
CaZ" 10.6 mg/dL

Albumin || 5.2 g/dL

Urine
Ca®* 70 mg/24 h
Cr 375 mEq/24h (N = 110-250)

Arterial blood gas analysis on room air shows a pH of 7.55 and an HCO3™ concentration of 45 mEq/L.

Impaired function of which of the following structures is the most likely cause of this patient's

condition?

Answer

Image

A || Ascending loop of Henle
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Answer

Distal convoluted tubule

Liddle syndrome
{collecting duct)

X-linked hypophosphatemic
rickets (proximal tubule)

Fanconi syndrome:
(proximal convoluted
tubule)

Bal

Descending loop of Henle

Collecting duct

Proximal convoluted tubule
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Hint

Metabolic alkalosis with high urine chloride raises suspicion for a resorption defect in the renal tubules.
In addition, this patient's electrolyte abnormalities mimic chronic thiazide diuretic ingestion.
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Correct Answer

Explanation Why

A - Ascending loop of Henle

Defects in the ascending loop of Henle can cause Bartter syndrome, which may manifest with

polyuria and muscle cramps. Laboratory findings in Bartter syndrome include hyponatremia,

hypochloremia, hypokalemia, hypomagnesemia, and metabolic alkalosis, all of which are seen here.
However, Bartter syndrome causes increased urinary loss of calcium and hypocalcemia rather than

hypocalciuria and hypercalcemia, which are seen in this patient. Moreover, patients with this

condition typically present in early childhood.

Nl

1

Gitelman syndrome
(distal corvoluted tubule)

Syndrame of apparent
mineralocorticoid
excess {collecting duct)

Liddle syndrome
{collecting duct)

K-linked hypophosphatemic
rickets (proximal tubule)

Fanconi syndrome
tproximal convoluted
tubule)

Bartter syndrome
(thick ascending limb of the
loop of Henle)
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Explanation But

Because thiazide diuretics target the Na'-CI cotransporters in the distal convoluted tubule, patients
with Gitelman syndrome have a blunted response to these agents, with the response being measured
as the fractional clearance of chloride. Alternatively, these patients will have a normal response to

loop diuretics, which target the Na -K'-2CI" cotransporters in the thick ascending loop of Henle.

Explanation Why

Gitelman syndrome is an autosomal recessive renal tubular defect caused by the impaired

functioning of the Na'-CI” cotransporters in the distal convoluted tubule. Symptoms such as fatigue,
muscle cramps, polyuria, and chondrocalcinosis typically arise in late childhood and can be
attributed to the associated electrolyte abnormalities (hyponatremia, hypomagnesemia, hypokalemia,
hypercalcemia, and hypocalciuria). In addition, Gitelman syndrome causes metabolic alkalosis due to
mild RAAS activation that occurs in response to natriuresis and volume depletion. Treatment for
Gitelman syndrome consists of potassium supplementation and a potassium-sparing diuretic (e.g.,
spironolactone, amiloride).

C - Descending loop of Henle

Explanation Why

The thin descending loop of Henle is the site of ultrafiltrate concentration, which makes the urine
hypertonic. The descending loop is impermeable to sodium, chloride, and urea. This enables free
water within the tubules to be passively reabsorbed into the interstitium via an osmotic gradient
created by medullary hypertonicity. Defects of the descending loop of Henle are more likely to lead
to the inability to concentrate urine rather than natriuresis, which is seen in this patient. Furthermore,
renal tubular disorders do not typically involve the descending loop of Henle.

D - Collecting duct

Explanation Why

Defects in the epithelial sodium channels (ENaCs) of the collecting duct cause Liddle syndrome,
which may manifest with hypokalemia and metabolic alkalosis. However, Liddle syndrome causes
increased reuptake of water and sodium (due to impaired degradation of ENaCs), which would not
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explain this patient's natriuresis and hypocalciuria. Furthermore, Liddle syndrome usually presents in
childhood and is associated with hypertension.

E - Proximal convoluted tubule

Explanation Why

Defects in the proximal convoluted tubule can lead to Fanconi syndrome, which may manifest with
muscle cramping and hypokalemia. However, Fanconi syndrome causes normal anion gap metabolic
acidosis (type 2 renal tubular acidosis) and hypocalcemia rather than the metabolic alkalosis and
hypercalcemia seen in this patient. Furthermore, clinical features of Fanconi syndrome, which
include rickets/osteomalacia and stunted growth, are not seen here.
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Question # 1

A 24-year-old man with type 1 diabetes mellitus is brought to the emergency department because of
weakness, abdominal pain, nausea, and one episode of vomiting for 1 day. He has not taken his insulin

for 3 days. His pulse is 125/min and respirations are 29/min. Examination shows dry mucous

membranes. His breath has a fruity odor. Which of the following sets of laboratory values is most likely

on evaluation of urine obtained before treatment?

pPH | HCO3 | NH4" || K*
Al ! T T
B | | normal | | l
Cl | 1 normal || 1
D |1 1 normal | 1
E !l ! T l

Answer || Image
Al A
B | B
C| C
D| D
E || E
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Hint

This patient's missed insulin doses and classic symptoms of nausea, abdominal pain, and fruity breath
make diabetic ketoacidosis (DKA) the most likely explanation.
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Correct Answer

Explanation Why

This urinalysis indicates DKA. Insulin deficiency prompts ketoacid production, causing an anion gap
metabolic acidosis and acidified urine. This decreases bicarbonate excretion and increases ammonia
buffer excretion. Insulin deficiency also causes potassium losses via osmotic diuresis.

Explanation Why

This urinalysis reflects type 4 RTA caused by hypoaldosteronism. The result is a normal anion gap
metabolic acidosis with a low urine pH. Moreover, hypoaldosteronism causes persistent sodium
secretion and decreased potassium excretion, which leads to decreased ammonia secretion in the
proximal convoluted tubule. Although fatigue and nausea can be seen in type 4 RTA, it classically
also causes palpitations or chest pain, not fruity breath or dehydration as seen in this patient.

C-C

Explanation Why

This option is indicative of salicylate toxicity. Urine in salicylate toxicity is initially alkalotic and
high in potassium and sodium bicarbonate but evolves into a paradoxical aciduria after several hours.
Tachypnea and nausea are typical of salicylate toxicity but this patient's dehydration, weakness, and
fruity breath are not. Also, prominent features, such as tinnitus and salicylate exposure, are not
present.
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D-D

Explanation Why

This option is indicative of type 2 renal tubular acidosis, a condition characterized by bicarbonate
wasting and a mild increase in potassium excretion. Urine ammonia is unchanged, while urine pH is
variable depending on the progression of disease and/or treatments administered. Although type 2
RTA can cause dehydration, it doesn't explain this patient's abdominal pain, fruity breath, or nausea.

Explanation Why

This urinalysis reflects a hypochloremic, hypokalemic metabolic alkalosis induced by vomiting.
Volume contraction during the initial phase of vomiting prevents urine bicarbonate excretion, which
lowers the urinary pH and decreases the need for ammonia buffer. Although this patient does have a
history of dehydration and vomiting once, his fruity breath, abdominal pain, and medication
adherence suggest an underlying condition that causes a different set of laboratory findings.
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Question # 2

An investigator is studying the effects of an antihypertensive drug during pregnancy. Follow-up studies
show that the drug can adversely affect differentiation of the ureteric bud into its direct derivatives in
fetuses exposed during the first trimester. Which of the following structures is most likely to develop

incorrectly in the affected fetus?

Answer

Image

A || Distal convoluted tubule

B || Bowman's capsule

C || Collecting ducts

D || Bladder

E || Loop of Henle

F Proximal convoluted tubule
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Hint

The ureteric bud originates from the caudal end of the mesonephric duct during the 5™ week of fetal
development and induces differentiation of the metanephric mesenchyme. The ureteric bud and
metanephric mesenchyme together form the metanephros.
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Correct Answer

A - Distal convoluted tubule

Explanation Why

The distal convoluted tubule is part of the excretory system, which originates from the metanephric
mesenchyme — not the ureteric bud. The distal convoluted tubule does, however, represent the
connecting point between direct derivatives of the metanephric mesenchyme and those that originate
from the ureteric bud.

B - Bowman's capsule

Explanation Why

The Bowman's capsule is part of the excretory system of the kidney, which originates from the
metanephric mesenchyme — not the ureteric bud.

Explanation Why

The collecting ducts and tubules, as well as the ureter, renal pelvis, major calyces, and minor calyces,
develop from the ureteric bud. A defective ureteric bud would thus likely cause these structures to
develop incorrectly.
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D - Bladder

Explanation Why

The bladder develops from the upper part of the urogenital sinus, which is also connected to the
allantois. Over time, the allantois obliterates and ultimately becomes the median umbilical ligament
after birth.

E - Loop of Henle

Explanation Why

The Loop of Henle is part of the excretory system of the kidney, which originates from the
metanephric mesenchyme — not the ureteric bud.

F - Proximal convoluted tubule

Explanation Why

The proximal convoluted tubule is part of the excretory system of the kidney, which originates from
the metanephric mesenchyme — not the ureteric bud.
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Question # 3

A 7-year-old boy is brought to the physician by his mother for evaluation of progressively worsening
swelling around the eyes. He has no history of major medical illness. He had a sore throat and cough 2
weeks ago that resolved spontaneously. Physical examination shows moderate periorbital edema and

2+ pitting edema of the lower extremities bilaterally. A kidney biopsy specimen shows effacement of the
podocytes on electron microscopy. Which of the following is most likely to be found on urinalysis?

Answer

Image

A || Hyaline casts and immunoglobulins

B || Red blood cell casts and acanthocytes

C || Fatty casts and albumin

D || White blood cell casts and eosinophils

E || Granular casts and tubular epithelial cells
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Hint

This patient's biopsy finding of effacement of the podocytes indicates minimal change disease (MCD),
the most common cause of nephrotic syndrome in children. A presentation of periorbital and lower
extremity edema a couple weeks after a potential viral infection (i.e., sore throat) is consistent with this
diagnosis.
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Correct Answer

A - Hyaline casts and immunoglobulins

Explanation Why

Hyaline casts can be found in a variety of renal conditions, even in healthy patients after exercise.
Urinalysis showing immunoglobulins indicates a form of nephrotic syndrome that involves
nonselective glomerular proteinuria, the most common of which being membranous nephropathy.
Membranous nephropathy is characterized by a diffuse thickening of the GBM secondary to fusion
of the foot processes of podocytes, which allows various proteins to pass through into the urine,
including high molecular weight proteins such as IGs. On electron microscopy, the hallmark finding
is subepithelial dense deposits, giving a characteristic “spike and dome” appearance, which is not
present in this patient. Additionally, although membranous nephropathy is the most common
nephrotic syndrome in adults, it is rarely seen in children.

B - Red blood cell casts and acanthocytes

Explanation Why

RBC casts and acanthocytes in urinalysis are consistent with nephritic syndrome, which in children,
is often caused by poststreptococcal glomerulonephritis (PSGN). This patient presents with signs of
PSGN, including edema and a history of sore throat two weeks before that could have been due to
nephritogenic strains of group A (beta-hemolytic) Streptococcus pyogenes. However, PSGN would
show a “lumpy-bumpy” appearance on electron microscopy that is caused by the deposition of
immune complexes containing the streptococcal antigen into the GBM. Additionally, this patient
does not present with hematuria, as would be expected in nephritic syndrome.

Explanation Why

Fatty casts and albumin are the expected findings in MCD, in which structural damage to the
podocytes and loss of the GBM negative charge results in a loss of protein (specifically, anionic
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albumin) into the urine. To compensate for the renal loss of albumin, the liver increases lipoprotein
synthesis. Lipids are then seen in the urine as fatty casts because of the increased glomerular
permeability.

D - White blood cell casts and eosinophils

Explanation Why

WBC casts and eosinophils are seen in acute interstitial nephritis, which is most often induced by a
drug reaction. Among the most common culprits are beta-lactam antibiotics and NSAIDs. These
agents act as haptens that trigger a hypersensitivity reaction, typically resulting in painless hematuria
and pyuria. WBCs and eosinophils show up on urinalysis, indicating generalized inflammation in the
kidney; however, eosinophiluria may be found in other renal conditions as well. Classically, patients
with drug-induced AIN present with symptoms of an allergic response, including rash and fever.
This patient has no known recent drug exposure or allergic symptoms.

E - Granular casts and tubular epithelial cells

Explanation Why

Granular casts and tubular epithelial cells are expected urinalysis findings in acute tubular necrosis
(ATN), in which tubular epithelial cell injury occurs typically due to renal ischemia (hypotension,
surgery, shock) or nephrotoxicity (medications, contrast, free myoglobin). The necrotic cells then
slough off and occlude the tubular lumen, causing muddy brown, granular casts and free renal
tubular epithelial cells to appear in urinalysis. Although ATN can present with edema, patients would
generally have a history of hypotension, fluid depletion, or exposure to nephrotoxins, unlike in this
boy.
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Question # 4

A 70-year-old woman comes to the physician because of a 4-month history of fatigue, worsening
swelling of her ankles, and a 5-kg (11-1b) weight gain. Neurologic examination shows diminished
two-point discrimination in her fingers. Laboratory studies show a hemoglobin A1¢ concentration of
9.2% and a creatinine concentration of 1.3 mg/dL. Urine dipstick shows heavy proteinuria. A biopsy
specimen of this patient's kidney is most likely to show which of the following?

Answer Image

A || Split glomerular basement membrane

B || Immune complex deposition

C Interstitial inflammation

D || Wire looping of capillaries
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Hint

The patient's hemoglobin Aic of 9.2% indicates diabetes mellitus (DM). Her edema and heavy

proteinuria are highly suggestive of nephrotic syndrome, likely caused by poorly-controlled DM,
especially given the evidence of end-organ damage (neuropathy).
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Correct Answer

A - Split glomerular basement membrane

Explanation Why

Splitting of the glomerular basement membrane (tram track appearance) on electron microscopy is
seen in membranoproliferative glomerulonephritis. Although this condition is associated with
nephrotic syndrome, which this patient likely has, the disease would not explain her neurologic
findings and elevated hemoglobin Ajic. Splitting of the glomerular basement membrane can also be
seen in individuals with Alport syndrome, but this condition manifests with hematuria in males

during infancy.

B - Immune complex deposition

Explanation Why

Immune complex deposition with a “spike-and-dome” appearance on electron microscopy is a
characteristic finding in patients with membranous nephropathy, the most common cause of
nephrotic syndrome in white adults. Deposition of antibodies between podocytes and the basal
membrane causes thickening of glomerular capillary loops and the basal membrane, which in turn
leads to nephrotic syndrome. However, the disease would not explain this patient's neurologic
findings and elevated hemoglobin A1c.

C - Interstitial inflammation

Explanation Why

Interstitial inflammation is a common finding in allergic interstitial nephritis, a type of nephropathy
that is caused by a hypersensitivity reaction to drugs such as antibiotics, NSAIDs, and diuretics.
Patients with this disorder typically present with eosinophiluria, gross hematuria, flank pain, and a
diffuse maculopapular rash, none of which are present here.
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D - Wire looping of capillaries

Explanation Why

Capillary wire looping, which is associated with diffuse subendothelial glomerular deposits, is a
typical electron microscopic finding in diffuse proliferative glomerulonephritis (DPGN). DPGN can
manifest with elevated serum creatinine and nephrotic syndrome, as seen in this patient, but it most
commonly occurs in individuals with systemic lupus erythematosus and typically manifests with
gross hematuria.

Explanation Why

Nodular glomerulosclerosis with Kimmelstiel-Wilson nodules is pathognomonic for diabetic
nephropathy, although diffuse glomerulosclerosis is the most common finding. In patients with
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insufficiently controlled diabetes mellitus, chronic hyperglycemia results in non-enzymatic
glycosylation of tissue proteins. This leads to increased synthesis and decreased degeneration of the
mesangial matrix within renal glomeruli, which causes mesangial expansion. Thickening and
increased permeability of the glomerular basement membrane causes hyperfiltration, which leads to
glomerular hypertrophy and scarring.
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Question # 5

A 60-year-old man comes to the physician because of flank pain, rash, and blood-tinged urine for 1 day.
Two months ago, he was started on hydrochlorothiazide for hypertension. He takes acetaminophen for
back pain. Examination shows a generalized, diffuse maculopapular rash. Serum studies show a
creatinine concentration of 3.0 mg/dL. Renal ultrasonography shows no abnormalities. Which of the
following findings is most likely to be observed in this patient?

Answer

Image

A || Urinary crystals on Brightfield microscopy

B || Dermal IgA deposition on skin biopsy

C || Crescent-shape extracapillary cell proliferation

D || Papillary calcifications on CT imaging

E || Mesangial IgA deposits on renal biopsy

F || Urinary eosinophils

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Hint

The occurrence of acute kidney injury and a generalized rash 2 months after the initiation of a thiazide
diuretic suggests the diagnosis of allergic interstitial nephritis.
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Correct Answer

A - Urinary crystals on Brightfield microscopy

Explanation Why

Urinary crystals on Brightfield microscopy are typical in patients with crystal-induced acute kidney
injury (AKI). Drugs with low urine solubility (e.g., acyclovir, indinavir, ciprofloxacin, and
methotrexate) precipitate in the renal tubules and can cause tubular obstruction leading to crystal-
induced AKI. Crystal-induced AKI is often detected by increased creatinine levels, and some cases
may manifest with hematuria and flank pain, as seen in this patient. However, most individuals with
crystal-induced AKI are asymptomatic, and this patient lacks a history of taking drugs associated
with the condition.

B - Dermal IgA deposition on skin biopsy

Explanation Why

Dermal IgA deposition on skin biopsy is a finding typical in patients with Henoch-Schonlein purpura
(HSP), a type of small-vessel vasculitis that manifests as a skin rash with palpable purpura in almost
all patients. However, 90% of cases occur in children < 10 years old, and about half of individuals
with HSP present with features of nephritic syndrome (e.g., edema and oliguria), which this patient
does not have.

C - Crescent-shape extracapillary cell proliferation

Explanation Why

Crescent-shape extracapillary cell proliferation is a finding typical in patients with rapidly
progressive glomerulonephritis (RPGN). This patient has some features of RPGN, including gross
hematuria, flank pain, and a marked increase in creatinine (often > 3 mg/dL). However, RPGN
typically presents with elevated inflammatory markers (e.g., leukocytosis) and decreased urine
output or anuria, which are not seen in this patient.
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D - Papillary calcifications on CT imaging

Explanation Why

Papillary calcifications on CT imaging are a finding typical in patients with analgesic nephropathy.
This patient has a history of taking acetaminophen, which is associated with analgesic nephropathy.
He also presents with some clinical findings of analgesic nephropathy, including hematuria and
elevated creatinine levels. However, renal sonography of patients with analgesic nephropathy
typically shows shrunken kidneys and papillary calcifications, which is not the case here. Moreover,
his other signs, including flank pain and diffuse maculopapular rash, in conjunction with a history of
taking a thiazide diuretic, make a different finding more likely.

E - Mesangial IgA deposits on renal biopsy

Explanation Why

Mesangial IgA deposits on renal biopsy are a characteristic finding in patients with IgA nephropathy
(Berger disease). This patient has some features of IgA nephropathy, including gross hematuria and
flank pain. However, IgA nephropathy mostly occurs in patients 20-30 years of age and is usually
triggered by upper respiratory tract or gastrointestinal infections. Moreover, this patient lacks other
findings typical of IgA nephropathy such as low-grade fever.

Explanation Why

Eosinophiluria is a typical finding in patients with allergic interstitial nephritis, a form of acute
tubulointerstitial nephritis. This condition is typically caused by a hypersensitivity reaction to drugs,
especially PPIs, NSAIDs, antibiotics, and diuretics. The onset of symptoms is variable (commonly
2-3 months following the exposure) and usually does not depend on the drug dose. The first step in
managing this patient should be discontinuation of his thiazide diuretic and administration of IV
fluids.
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Question # 6

An 84-year-old woman with an indwelling urinary catheter and a history of recurrent nephrolithiasis is
brought to the emergency department from her nursing home because of increasing confusion over the
past day. On arrival, she is oriented only to person. Her temperature is 38.3°C (100.9°F). Examination

shows dry mucous membranes. Urine studies show:

pH

8.3

WBC

40/hpf

Bacteria || moderate

Nitrites positive

The urine has an ammonia odor. Which of the following is most likely to be present on this patient's
urine culture?

Answer Image
A || Gram-negative, oxidase-positive rods
B || Gram-positive, novobiocin-resistant cocci
C || Gram-negative, lactose-fermenting rods
D || Gram-positive, gamma-hemolytic cocci
E || Gram-negative, oxidase-negative rods
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Hint

This patient has a catheter-associated urinary tract infection (positive nitrites and moderate bacteria on
urinalysis) with resulting delirium and sepsis. The organism most likely responsible produces urease,
which can convert urea into ammonia, causing elevated urinary pH. Ammonia lends the urine a
characteristic scent
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Correct Answer

A - Gram-negative, oxidase-positive rods

Explanation Why

Pseudomonas aeruginosa, a gram-negative, oxidase-positive rod, is a common cause of catheter-
associated urinary tract infections (UTI), due to its ability to form biofilms that are resistant to
antibiotic therapy. However, it does not cause alkaline urine.

B - Gram-positive, novobiocin-resistant cocci

Explanation Why

Staphylococcus saprophyticus, a gram-positive, novobiocin-resistant coccus, is a common cause of
urinary tract infections in young, sexually active women. S. saprophyticus is urease-positive and has
the ability to cause alkaline urine but would not explain the positive urinary nitrite test, as Staph spp.
are unable to reduce nitrate.

C - Gram-negative, lactose-fermenting rods

Explanation Why

Escherichia coli and Klebsiella pneumoniae are gram-negative, lactose-fermenting rods, and two of
the most common causes of catheter-associated urinary tract infection (UTI). However, E. coli does
not cause alkaline urine, as seen in this patient. K. pneumonia is a common cause of catheter-
associated UTI and is also associated with mildly alkaline urinary pH because it produces limited
amounts of urease (which converts urea into ammonia). However, it is not typically associated with
urine pH levels above 8 and is rarely associated with recurrent nephrolithiasis, which was mentioned
in this patient's history. While it cannot be entirely ruled out, a different pathogen is more likely.
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D - Gram-positive, gamma-hemolytic cocci

Explanation Why

Enterococcus faecalis, a gram-positive, gamma-hemolytic coccus, is a common cause of catheter-
associated urinary tract infections (UTI). However, it does not cause alkaline urine, as seen in this
patient. Furthermore, because enterococci are unable to reduce nitrate to nitrite, the urinary nitrite
test would be negative.

Explanation Why

Patients with a urinary tract infection (UTI), alkaline urine (pH > 7), and an indwelling urinary
catheter are most likely infected with Proteus mirabilis, a gram-negative, oxidase-negative rod. P.
mirabilis converts urea in the urine into ammonia, which has an alkalizing effect and increases the
risk of magnesium ammonium phosphate stone (e.g., struvite stone) formation. The incidence of P.
mirabilis increases with the duration of catheterization and can be found in up to 40% of patients
with long-term catheterization.
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Question # 7

A 17-year-old boy is brought to the physician because of a sore throat, nonproductive cough, and bloody
urine for 3 days. He has had 2 similar episodes involving a sore throat and bloody urine over the past
year. His sister has systemic lupus erythematosus. His temperature is 38.1°C (100.6°F). Serum studies
show a urea nitrogen concentration of 8 mg/dL and a creatinine concentration of 1.4 mg/dL. Urinalysis
shows acanthocytes and red blood cell casts. Renal ultrasonography shows no abnormalities. A renal
biopsy is most likely to show which of the following findings?

Answer Image

A || IgA mesangial deposition

B || Capillary wire looping

C || Splitting of the glomerular basement membrane

D || Granular deposits of IgG, IgM, and C3 complement

E || Effacement of the foot processes

F || Crescents of fibrin and plasma proteins
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Hint

This patient presents with recurrent episodes of gross hematuria associated with pharyngitis. His
urinalysis findings are consistent with a glomerular origin of the blood (RBCs with dysmorphic features
and RBC casts). This combination suggests Berger disease.
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Correct Answer

Explanation Why

IgA nephropathy most frequently presents during the second to third decade of life with recurrent
episodes of gross hematuria, usually during or immediately following an infection. Between these
episodes, patients typically have asymptomatic urinary abnormalities such as microhematuria. The
most likely explanation for these findings is an increased number of defective circulating IgA
antibodies, the synthesis of which is triggered by mucosal infections (e.g., pharyngitis). These IgA
antibodies form immune complexes that deposit into the mesangium of the renal glomerulus, leading
to glomerulonephritis (type III hypersensitivity reaction).

B - Capillary wire looping

Explanation But

While this patient's presentation is consistent with Berger's disease, which is another common cause
of DPGN, this sequela usually presents in older individuals rather than in adolescents.

Explanation Why

Capillary wire looping, which is characterized by diffuse subendothelial glomerular deposits, is a
typical electron microscopic finding in diffuse proliferative glomerulonephritis. DPGN is most
common in systemic lupus erythematosus (SLE) and can manifest with gross hematuria, elevated
serum creatinine, and nephritic sediment following an upper respiratory infection, as in this case.
Although this patient does have a positive family history of SLE, he does not have any findings of
SLE such as a rash, photosensitivity, or joint pain. He also does not have symptoms of any other
systemic disease that would predispose him to develop DPGN.
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C - Splitting of the glomerular basement membrane

Explanation Why

Splitting of the glomerular basement membrane suggests Alport syndrome, which typically presents
with episodes of gross hematuria that are often precipitated by upper respiratory infections. As the
disease progresses, findings may include nephritic sediment on urinalysis and a decrease in kidney
function (elevated BUN and serum creatinine). However, in almost all males with Alport syndrome,
hematuria is first detected during infancy, making the diagnosis unlikely in a boy who has not had
any episodes until adolescence. In addition, affected individuals often have a personal or family
history of sensorineural hearing loss and/or ocular findings (e.g., lenticonus).

D - Granular deposits of IgG, IgM, and C3 complement

Explanation Why

Granular deposits of IgG, IgM, and C3 complement are typically seen on immunofluorescent
microscopy of a kidney biopsy sample in patients with poststreptococcal glomerulonephritis. PSGN
can present with gross hematuria following an episode of pharyngitis, as described in the vignette.
However, PSGN usually manifests ~ 10-30 days after an acute infection. Furthermore, this diagnosis
is most common in young children and the elderly and is rather uncommon in adolescents. In
addition, multiple episodes of hematuria would be unusual, especially in the absence of other typical
findings of PSGN such as hypertension and edema.

E - Effacement of the foot processes

Explanation Why

Effacement of the foot processes is a typical finding on electron microscopy in minimal change
disease (MCD). While MCD typically occurs following a viral infection, such as viral pharyngitis, it
presents with nephrotic syndrome rather than nephritic syndrome. This patient does not have any
features of nephrotic syndrome, such as heavy proteinuria (> 3.5 g/day), hypoalbuminemia,
generalized edema, hypertension, hyperlipidemia, or thromboembolism, making this diagnosis
unlikely. Furthermore, this disease most often affects children younger than 6 years of age.
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F - Crescents of fibrin and plasma proteins

Explanation But

Berger's disease is one of the possible causes of RPGN. Therefore, signs of disease progression (e.g.,
hypertension, decrease in urine output, or rapid increase in BUN or serum creatinine) always
warrants further testing.

Explanation Why

Crescents of fibrin and plasma proteins in the glomeruli are characteristic of rapidly progressive
glomerulonephritis). Breaks in the glomerular capillary wall (due to any kind of severe injury) lead
to an accumulation of plasma products (e.g., fibrinogen) within the Bowman's capsule and result in
fibrin formation. RPGN may present with gross hematuria, elevated inflammatory markers (e.g.,
leukocytosis), increased BUN and serum creatinine, and nephritic sediment on urinalysis. However,
renal insufficiency is usually more pronounced at diagnosis, with a marked increase in creatinine
(often > 3 mg/dL), decreased urine output, hypertension, and edema.
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Question # 8

A 54-year-old man comes to the physician for a follow-up appointment. Three weeks ago he underwent
emergent cardiac catheterization because of a myocardial infarction and had to stay at the hospital longer
than expected because of decreased kidney function. He says his symptoms have since improved greatly
and he now produces even more urine than before the procedure. His serum creatinine concentration is
1.6 mg/dL and blood urea nitrogen concentration is 20 mg/dL. This patient is at increased risk for which

of the following complications?

Answer

Image

A || Hypermagnesemia

B || Metabolic alkalosis

C || Hypernatremia

D || Hypokalemia

E || Hyporeninemia
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Hint

This patient likely suffered from contrast nephropathy (and possibly renal ischemia due to his
myocardial infarction). In patients with acute kidney injury, glomerular filtration returns to normal after
about two weeks while tubular reabsorption remains disturbed, thus increasing urine production

(polyuria).
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Correct Answer

A - Hypermagnesemia

Explanation Why

Three weeks after exposure to contrast, this patient is in the polyuric phase of AKI and is actually at
risk for hypomagnesemia, rather than hypermagnesemia. During this period, patients lose several
electrolytes that are normally reabsorbed by the tubules, including magnesium, into the urine.

B - Metabolic alkalosis

Explanation Why

Three weeks after exposure to contrast, this patient is in the polyuric phase of AKI. During this

period, patients have difficulty excreting H" ions and regenerating bicarbonate (a function of the
tubular system), putting them at risk for metabolic acidosis, rather than alkalosis.

C - Hypernatremia

Explanation Why

Three weeks after exposure to contrast, this patient is in the polyuric phase of AKI and is actually at
risk for hyponatremia, rather than hypernatremia. During this period, patients lose several
electrolytes that are normally reabsorbed by the tubules, including sodium, into the urine.
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Explanation Why

Three weeks after exposure to contrast, this patient is in the polyuric phase of AKI and is at risk for
hypokalemia. During this period, patients lose several electrolytes that are normally reabsorbed by
the tubules, including potassium, into the urine.

E - Hyporeninemia

Explanation Why

Patients in the polyuric phase of AKI are at risk for volume depletion, a state in which GFR and
sodium delivery to the distal nephrons decreases, causing the release of renin. Therefore, this patient
would actually have an increase in renin release.
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Question # 9

A previously healthy 24-year-old woman comes to the physician because of a 1-day history of nausea
and weakness. She is sexually active with 2 male partners and uses an oral contraceptive; she uses
condoms inconsistently. Her last menstrual period was 4 days ago. Her temperature is 38.4°C (101°F).
Physical examination shows right costovertebral angle tenderness. Pelvic examination is normal. Which

of the following is the most likely cause of this patient's condition?

Answer

Image

A || Ascending bacteria from the endocervix

B Noninfectious inflammation of the bladder

C || Ascending bacteria from the bladder

D || Decreased urinary pH

E || Decreased renal calcium reabsorption
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Hint

Costovertebral angle tenderness, nausea, and fever are classic characteristics of pyelonephritis.
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Correct Answer

A - Ascending bacteria from the endocervix

Explanation Why

Ascending bacteria from the endocervix can lead to pelvic inflammatory disease (PID). Although
PID could explain this patient's fever, nausea, and weakness, the condition is not associated with
costovertebral angle tenderness. In addition, PID would cause abdominopelvic pain, cervical motion
tenderness, and possibly abnormal vaginal discharge.

B - Noninfectious inflammation of the bladder

Explanation Why

Noninfectious inflammation of the bladder, causing chronic interstitial cystitis, presents as a chronic
pain syndrome with symptoms of urgency, increased frequency, suprapubic pain, and dyspareunia.
This patient has none of these clinical features. Additionally, interstitial cystitis could not explain this
patient's nausea and weakness, fever, and distinct right costovertebral angle tenderness.

Explanation Why

Ascending bacteria from the bladder, typically due to underlying cystitis, is the most likely cause of
this patient's pyelonephritis. Other risk factors include pregnancy, urinary tract obstruction (e.g.,
catheter, BPH, VUR), and recurrent urinary tract infections.
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D - Decreased urinary pH

Explanation Why

A decreased urinary pH (e.g., due to a metabolic syndrome or medication) promotes the formation of
radiolucent uric acid stones. Although the patient's nausea, weakness, and right costovertebral angle
tenderness can present with kidney stones, the absence of colicky flank pain that often radiates into
the groin area makes this diagnosis unlikely.

E - Decreased renal calcium reabsorption

Explanation Why

Since ~ % of calcium is reabsorbed in the proximal tubule, a decrease in renal calcium reabsorption
can cause radioopaque calcium urinary stones to form. Renal stones would be most common in
individuals with excessive supplemental calcium intake or taking certain medications, such as loop
diuretics or topiramate. Although the patient's nausea, weakness, and right costovertebral angle
tenderness can present with kidney stones, the absence of colicky flank pain that often radiates into
the groin area makes this diagnosis unlikely.
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Question # 10

A 4-year-old girl is brought to the physician because of increasing swelling around her eyes and over
both her feet for the past 4 days. During this period, she has had frothy light yellow urine. Her vital signs
are within normal limits. Physical examination shows periorbital edema and 2+ pitting edema of the

lower legs and ankles. A urinalysis of this patient is most likely to show which of the following

findings?

Answer

Image

A || Muddy brown casts

B || Epithelial casts

C || Fatty casts

D || RBC casts

E | Waxy casts

F WBC casts

G || Hyaline casts
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Hint

Edema in combination with frothy urine in a child is suggestive of nephrotic syndrome. The most
common cause of nephrotic syndrome in children is minimal change disease, which is most likely this
child's diagnosis.
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Correct Answer

A - Muddy brown casts

Explanation Why

Muddy brown casts are a type of granular cast most often associated with acute tubular necrosis
(ATN) that originate from the fusion of plasma proteins shed from damaged epithelial cells of the
tubule lining. This patient's history is not consistent with any conditions that predispose to ATN (e.g.,
prolonged hypotension/renal infarction, toxin ingestion, or adverse effect of nephrotoxic drugs),
making this finding much less likely. ATN would also not explain her nephrotic syndrome.

B - Epithelial casts

Explanation Why

Epithelial casts in the urine sediment are the result of a process that causes necrosis of the renal
tubule epithelium. Consequently, the epithelial cells slough off into the lumen and appear as casts.
Possible etiologies include acute tubular necrosis (e.g., due to prolonged hypotension/renal infarction
or administration of a nephrotoxic drug), toxic ingestion, or infection with cytomegalovirus. This
patient's history does not support any of these causes, making this answer unlikely.

Explanation But

Patients with nephrotic syndrome are at high risk of developing infections (due to urinary loss of
IgG), hypocalcemia (due to vitamin D deficiency), and venous thrombus formation (due to urinary
loss of antithrombin III and loss of fluid into the extravascular space).

Explanation Why

Fatty casts are very common in the urinary sediment of patients with nephrotic syndrome. Massive
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proteinuria (> 3.5 g/24 h) results in low serum albumin, which reduces capillary oncotic pressure,
thereby causing edema secondary to fluid leaking into tissue. Consequently, the liver increases all
synthetic activity (involving albumin as well as other macromolecules, such as lipids) to compensate.
Some of these excess lipids are reabsorbed by the proximal tubular epithelial cells. Once the
cytoplasm becomes engorged, chunks of the cell can slough off into the tubular lumen, leading to the
classic fatty casts on urinary sediment.

D - RBC casts

Explanation Why

Red blood cells in urinary sediment are always abnormal. Their presence indicates
glomerulonephritis (GN) and is caused by the congregation of proteins and RBCs inside the tubules.
Clinically, GN results in red or cola-colored urine with much milder edema due to the relatively
limited loss of albumin (< 3.5 g/24 h). This patient has yellow urine and likely nephrotic syndrome
(as indicated by the periorbital edema, pedal edema, and frothy urine), so RBC casts would not be
expected.

E - Waxy casts

Explanation Why

Waxy casts are most often seen in cases of chronic kidney disease because they can best form in low
urine flow states. Although these may also be associated with nephrotic syndrome, waxy casts are
observed only in long-standing nephrotic range proteinuria. This patient is very unlikely to have
chronic nephrotic syndrome because her symptoms began only 4 days ago.

F - WBC casts

Explanation Why

WBC casts in urinary sediment are strongly associated with pyelonephritis, although they are not
pathognomonic. This patient is afebrile and has no history that might indicate serious urinary tract
infection, making pyelonephritis very unlikely. Other causes of WBC casts could include interstitial
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nephritis or poststreptococcal glomerulonephritis. Interstitial nephritis is most commonly associated
with a hypersensitivity reaction to NSAIDs, penicillins, or sulfa drugs, none of which have been
taken by the patient. This patient has no history of a preceding URTI, which makes poststreptococcal
glomerulonephritis highly unlikely. Also, glomerulonephritis classically causes red or cola-colored
urine, whereas this patient has yellow urine.

G - Hyaline casts

Explanation Why

Hyaline casts are the most commonly observed casts in urine sediment analysis. Their presence is
nonspecific. They are commonly seen in healthy individuals who have recently exercised vigorously
or been dehydrated.
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Question # 11

A 58-year-old female comes to the physician because of generalized fatigue and malaise for 3 months.
Four months ago, she was treated for a urinary tract infection with trimethoprim-sulfamethoxazole. She
has hypertension, asthma, chronic lower back pain, and chronic headaches. Current medications include
hydrochlorothiazide, an albuterol inhaler, naproxen, and an aspirin-caffeine combination. Examination

shows conjunctival pallor. Laboratory studies show:

Hemoglobin 8.9 g/dL
Serum
Urea nitrogen || 46 mg/dL
Creatinine 2.4 mg/dL
Calcium 9.8 mg/dL
Urine
Protein 1+
Blood 1+
RBCs none
WBCs 9-10/hpf

Urine cultures are negative. Ultrasound shows shrunken kidneys with irregular contours and papillary
calcifications. Which of the following is the most likely underlying mechanism of this patient's renal

failure?

Answer

Image

A || Overproduction of light chains
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Answer

Image

Hypersensitivity reaction

Inhibition of prostaglandin I2 production

Infection with an acid-fast bacillus

Precipitation of drugs within the renal tubules
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Hint

This woman has features of kidney dysfunction: fatigue, anemia, uremia, and elevated creatinine. She
also has sterile pyuria (WBCs in the urine with negative cultures) and ultrasonography shows changes
associated with chronic kidney disease. Along with these findings, her long-term use of naproxen and
the aspirin-caffeine combination makes analgesic nephropathy the most likely diagnosis.
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Correct Answer

A - Overproduction of light chains

Explanation But

In addition to renal disease, systemic amyloidosis presents with involvement of multiple organ
systems, including the cardiovascular system (cardiomyopathy), skin (waxy skin and easy bruising),
hepatic system (hepatomegaly), and nervous system (peripheral neuropathy). This patient does not
show involvement of any of these organ systems. Additionally, the kidney disease associated with
systemic amyloidosis usually presents with more severe proteinuria than that seen in this patient.

Explanation Why

Overproduction of light chains is most frequently associated with multiple myeloma and systemic
amyloidosis, both of which can cause chronic kidney disease (CKD). Patients with multiple
myeloma present with pain related to skeletal involvement of the disease, anemia, and elevated
serum calcium. This patient has normal serum calcium levels, which makes multiple myeloma
unlikely. The chronic lower back pain in this patient is of too long a course for it to be attributable to
multiple myeloma, and her anemia is likely due to underlying kidney disease.

B - Hypersensitivity reaction

Explanation Why

A hypersensitivity reaction to NSAIDs or a sulfonamide antibiotic, such as TMP/SMX, can cause
AKI in the form of tubulointerstitial nephritis, which would present as a rapid decompensation in
kidney function. Potential signs include fever, rash, and eosinophilia. This patient does not have any
of these signs and her 3-month history of fatigue suggests a more chronic disease course.
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Explanation Why

Prostaglandin I7 (i.e., prostacyclin) enhances renal blood flow by dilating renal capillaries, most
prominently in the medulla of the kidney. Nonsteroidal anti-inflammatory drugs (NSAIDs) inhibit
prostaglandin production, consequently decreasing renal blood flow. After prolonged exposure to
analgesics, especially analgesics used in combination (naproxen and aspirin), as is the case here,
patients develop renal papillary necrosis and subsequent analgesic nephropathy (chronic kidney
disease).

D - Infection with an acid-fast bacillus

Explanation Why

Infection with an acid-fast bacillus such as M. tuberculosis can cause renal damage and subsequent
chronic kidney disease. However, this patient does not have risk factors for tuberculosis (e.g., travel
to areas where the disease is endemic, HIV, time spent in prison) or symptoms suggestive of the
disease (e.g., hemoptysis, night sweats, weight loss).

E - Precipitation of drugs within the renal tubules

Explanation Why

Drugs such as acyclovir, indinavir, methotrexate, and ciprofloxacin are poorly soluble in urine and
can cause renal tubule obstruction due to drug precipitation, building up as crystals that cause AKI
within days to a week. This patient has not been exposed to any drugs that commonly cause crystal-
induced AKI and has been symptomatic for 2 months.
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Question # 12

A 48-year-old man comes to the emergency department because of a 2-hour history of severe left-sided
colicky flank pain that radiates towards his groin. He has vomited twice. Last year, he was treated with
ibuprofen for swelling and pain of his left toe. He drinks 4-5 beers most days of the week. Examination
shows left costovertebral angle tenderness. An upright x-ray of the abdomen shows no abnormalities. A
CT scan of the abdomen and pelvis shows an 9-mm stone in the proximal ureter on the left. Which of
the following is most likely to be seen on urinalysis?

Answer Image

A || Red blood cell casts

B || Rhomboid-shaped crystals

C || Wedge-shaped crystals

D || Coffin-lid-like crystals

E || Hexagon-shaped crystals
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Hint

This is a radiolucent ureteral stone in a patient with a likely history of gout (pain of the left toe
indicating podagra), which occurs when an excess of uric acid in the blood builds up in joints and is
excerbated by alcohol consumption. The same process may also lead to the formation of uric acid stones
under certain conditions.
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Correct Answer

A - Red blood cell casts

Explanation Why

RBC casts on urinalysis can be found in glomerulonephritis, glomerular ischemia, or malignant
hypertension, none of which is present in this patient. Although kidney stones commonly present
with hematuria secondary to epithelial irritation or injury, RBCs would not form into RBC casts.

Explanation Why

Rhomboid or needle-shaped crystals on urinalysis are characteristic of uric acid stones, which
usually form in acidic urine as a result of uric acid precipitation in the renal tubules. Only uric acid
forms radiolucent stones, which is most consistent with this patient's findings.

C - Wedge-shaped crystals

Explanation Why

Wedge-shaped crystals on urinalysis is consistent with calcium phosphate stones. These type of
stones are usually seen in patients with hyperparathyroidism, and/or type 1 renal tubular acidosis.
Unlike in this patient's presentation, calcium phosphate stones would be radiopaque and are not
associated with gout.
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D - Coffin-lid-like crystals

Explanation Why

Coftin-lid-like crystals is consistent with struvite stones. These type of stones are usually associated
with use of indwelling catheters, and upper urinary tract infection with urease-producing organisms
such as Proteus mirabilis, Klebsiella, Pseudomonas, Providencia, Enterobacter, and Ureaplasma
urealyticum. This patient with no evidence of UTI (e.g., dysuria, frequency, burning) is highly
unlikely to have struvite stones. In addition, struvite stones are radiopaque, and would be seen on

plain x-ray.

E - Hexagon-shaped crystals

Explanation Why

Hexagon-shaped crystals are pathognomonic of cystinuria. Cystine stones are radiopaque, and would
be seen on an plain x-ray. In addition, unlike this patient's first presentation at the age of 48,
cystinuria usually manifests with recurrent stones beginning in childhood and is associated with a

family history.
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Question # 13

An 11-year-old boy with Burkitt lymphoma is brought to the emergency department because of nausea,
vomiting, flank pain, and dark urine for 1 day. Two days ago, he began induction chemotherapy with
cyclophosphamide, vincristine, prednisolone, and doxorubicin. Urinalysis shows 3+ blood and abundant
amber-colored, rhomboid crystals. Which of the following is most likely to have been effective in

preventing this patient’s symptoms?

Answer

Image

A || Water restriction

B || Administration of ceftriaxone

C || Alkalinization of the urine

Jowm

D || Administration of probenecid
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Answer

Image

E || Administration of hydrochlorothiazide
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Hint

Hematuria and rhomboid crystals in the urine are consistent with urate nephropathy, which can occur
after chemotherapy as a consequence of hyperuricemia from rapid tumor cell lysis.
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Correct Answer

A - Water restriction

Explanation Why

Initial fluid restriction can sometimes be used to prevent worsening edema in patients with severe
nephrotic syndrome. However, there is no role for fluid restriction in acute uric acid nephropathy. In
fact, aggressive IV hydration is highly recommended in at-risk patients (e.g., high-grade lymphoma
and some leukemias), while restricting fluid intake increases the risk for further kidney injury.

B - Administration of ceftriaxone

Explanation Why

Ceftriaxone, a third-generation cephalosporin, would be an acceptable antimicrobial therapy for a
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urinary tract infection with Proteus mirabilis, a urease-producing organism that can lead to the
formation of struvite stones. Urinalysis in bacterial UTIs are often positive for blood, but rhomboid
crystals would not be expected. Furthermore, antibiotic prophylaxis of bacterial UTIs is reserved for
only specific circumstances, such as neonatal group B streptococcal infection prophylaxis.

Image

Explanation Why

Urinary alkalinization is an acceptable prophylaxis for urate nephropathy, which usually occurs as a
sequela of tumor lysis syndrome. This patient with Burkitt lymphoma undergoing cytotoxic
chemotherapy is at high-risk for TLS, and his symptoms of flank pain and dark urine are consistent
with acute renal failure, which is due to uric acid precipitation within the tubules. Acidic
environments decrease the solubility of uric acid; thus, in the distal tubules and collecting ducts
where the pH can fall to 5.0, uric acid formation is favored. Alkalinization to a urine pH of 6.5 to 7
can increase uric acid solubility, thereby diminishing the likelihood of uric acid precipitation in the
tubules.
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D - Administration of probenecid

Explanation Why

While some urate-lowering medications used for prevention of chronic gout (such as rasburicase and
allopurinol) are often given as prophylaxis for TLS, probenecid would be a poor choice in a patient
with uric acid nephropathy. Probenecid inhibits reabsorption of uric acid at the proximal convoluted
tubule, thereby promoting its excretion into the urine and would actually increase the risk for uric
acid stones in this already high-risk patient.

E - Administration of hydrochlorothiazide

Explanation Why

Thiazide diuretics, such as hydrochlorothiazide, are used in the prevention of calcium oxalate
nephrolithiasis by decreasing urinary calcium excretion. Though patients with nephrolithiasis often
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present with nausea, vomiting, and flank pain, urinalysis for calcium oxalate stones would show
biconcave dumbbells or bipyramidal envelopes rather than rhomboid crystals. Furthermore, kidney
stones are not commonly associated with childhood lymphomas.
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Question # 14

A 41-year-old man is brought to the emergency room after a blunt-force injury to the abdomen. His
pulse is 130/min and blood pressure is 70/40 mm Hg. Abdominal ultrasound shows a large amount of
blood in the hepatorenal recess and the pelvis. Which of the following responses by the kidney is most

likely?

Answer

Image

Decreased proton excretion

B || Decreased potassium excretion

C || Increased sodium reabsorption

D || Decreased urea reabsorption

E || Increased creatinine reabsorption
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Hint

In renal hypoperfusion, the renin-angiotensin-aldosterone system (RAAS) is activated, meaning the
kidneys release renin, which leads to activation and release of angiotensin II and aldosterone.
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Correct Answer

A - Decreased proton excretion

Explanation Why

When the RAAS is activated, increased aldosterone will act at the collecting tubules of the nephron
to increase proton secretion. This effect would increase, rather than decrease, proton excretion.

B - Decreased potassium excretion

Explanation Why

When the RAAS is activated, increased aldosterone will act at the collecting tubules of the nephron
to increase potassium secretion. This effect would increase, rather than decrease, potassium
excretion.

Explanation Why

Increased aldosterone increases the reabsorption of sodium and the secretion of potassium and
protons in renal collecting tubules. In addition, angiotensin II increases the glomerular filtration rate
and stimulates sodium reabsorption in the proximal tubule. As sodium is reabsorbed, water follows
from the glomerular filtrate into the renal interstitium. This fluid shift into the peritubular capillaries
eventually leads to increased intravascular fluid and increased blood pressure.
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D - Decreased urea reabsorption

Explanation Why

Urea reabsorption occurs in the proximal tubule and the collecting duct, and is expected to be
increased in hypovolemia. Volume loss causes increased levels of ADH, which induces the
expression of urea transporters in the medullary collecting ducts, leading to an increase in urea
reabsorption. Reabsorption of urea in the collecting ducts is essential to maintain the inner medullary
osmotic gradient that allows for maximal retention of filtered water. Urea is also reabsorbed in the
proximal tubule via diffusion through the solvent drag of other electrolytes. This mechanism is also
increased in hypovolemic states because of increased urine concentration and interstitial electrolyte
concentration.

E - Increased creatinine reabsorption

Explanation Why

Under physiological conditions, creatinine is removed from the blood by glomerular filtration and
tubular secretion at a relatively constant rate. Although creatinine can be absorbed in the
gastrointestinal tract (dietary supplements or meat), there is little to no renal tubular reabsorption of
creatinine. Because of decreased renal perfusion, this patient is at risk of decreased glomerular
filtration and thus increased serum creatinine. However, any rise in serum creatinine is a result of
decreased clearance (decreased GFR) rather than as a result of increased renal absorption.
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Question # 15

A 31-year-old woman comes to the physician because of a 5S-month history of intermittent flank pain.
Over the past 2 years, she has had five urinary tract infections. Her blood pressure is 150/88 mm Hg.
Physical examination shows bilateral, nontender upper abdominal masses. Serum studies show a urea
nitrogen concentration of 29 mg/dL and a creatinine concentration of 1.4 mg/dL. Renal ultrasonography
shows bilaterally enlarged kidneys with multiple parenchymal anechoic masses. Which of the following

is the most likely diagnosis?

Answer

Image

A || Medullary sponge kidney

B || Simple renal cysts

C || Autosomal dominant polycystic kidney disease

D || Autosomal dominant tubulointerstitial kidney disease

E || Autosomal recessive polycystic kidney disease

F || Obstructive cystic dysplasia
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Answer

Image

Multicystic dysplastic kidneys
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Hint

The patient's condition is associated with cerebral berry aneurysms.
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Correct Answer

A - Medullary sponge kidney

Explanation Why

Medullary sponge kidney is a congenital disorder characterized by cystic dilatation of the collecting
tubules. It can manifest bilaterally and is most often diagnosed incidentally in patients aged 3050
years who are experiencing nephrolithiasis or recurrent urinary tract infections. Ultrasonography
typically demonstrates heavily calcified dilations but not multiple anechoic masses, as are present in
this patient.

B - Simple renal cysts

Explanation Why

Simple renal cysts are common and usually incidental findings. They almost never produce
symptoms and would not be the etiology behind this patient's renal insufficiency, recurrent urinary
tract infections, and bilateral flank masses.
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Image

Explanation Why

ADPKD commonly presents in young adulthood with renal insufficiency, self-limited hematuria, and
hypertension; abdomen, flank, or back pain is often the first clinical indication. The condition is the
most common inherited kidney disorder and is caused by mutations in PKD1 and PKD2. Cysts
appear as multiple parenchymal anechoic masses on ultrasound; coupled with an appropriate family
history and physical exam, ultrasound is adequate to establish the diagnosis in most cases.

D - Autosomal dominant tubulointerstitial kidney disease

Explanation Why

ADTKD is a very uncommon autosomal dominant genetic disorder. The most frequent presentation
is an adolescent with gout, elevated serum creatinine, and a strong family history of kidney disease.

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

The renal ultrasound would be relatively normal early in the course of disease but will eventually
demonstrate medullary cysts. This patient has no history of gout, presents as an adult, and does not
have a strong family history of kidney disease. Furthermore, the ultrasound results show
parenchymal, not medullary, changes.

E - Autosomal recessive polycystic kidney disease

Explanation Why

ARPKD presents in infancy with progressive renal failure that leads to early end-stage renal disease
(often by the teenage years) and a reduced lifespan. This patient is much older and has not developed
end-stage renal disease, making the diagnosis much less likely.

F - Obstructive cystic dysplasia

Explanation Why

Obstructive cystic dysplasia arises from renal dysplasia and cystic dilatation secondary to obstruction
of the fetal urinary tract (e.g., ureteral stenosis, posterior urethral valves). Earlier and longer
obstruction results in more severe disease. The vast majority of cases are identified in utero or early
in childhood, meaning this adult patient is much more likely to be suffering from a different
condition.

G - Multicystic dysplastic kidneys

Explanation Why

Multicystic dysplastic kidney would most likely be identified either in utero (via ultrasound
examination) or in childhood (as an abdominal mass or due to recurrent urinary tract infections). The
patient described here is much older and has bilateral involvement, the latter being incompatible with
life in cases of multicystic dysplasia.
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Question # 16

A 62-year-old woman with type 2 diabetes mellitus is brought to the emergency room because of a
3-day history of fever and shaking chills. Her temperature is 39.4°C (103°F). Examination of the back
shows right costovertebral angle tenderness. Analysis of the urine shows WBCs, WBC casts, and
gram-negative rods. Ultrasound examination of the kidneys shows no signs of obstruction. Biopsy of the
patient's kidney is most likely to show which of the following?

Answer

Polygonal clear cells filled with lipids
and carbohydrates

B || Polymorphonuclear leukocytes in tubules

Widespread granulomatous tissue and
foamy macrophages

D || Cystic dilation of the renal medulla
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Answer

Image

Sloughing of necrotic renal papillae

Tubular eosinophilic casts
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Hint

The patient's high fever, chills, costovertebral angle tenderness, and findings of pyuria and bacteriuria
are consistent with acute pyelonephritis.
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Correct Answer

A - Polygonal clear cells filled with lipids and carbohydrates
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Explanation Why

Polygonal clear cells filled with lipids and carbohydrate are pathognomonic for clear cell renal cell
carcinoma. Patients with clear cell renal cell carcinoma typically present with hematuria, flank pain,
and constitutional symptoms (e.g., weight loss) that develop over many months. This patient's
presentation is very acute (only 3 days) and features a high fever, neither of which could be
explained by this neoplastic process.
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Explanation Why

Polymorphonuclear leukocytes (PMNs) in the tubules are the classic biopsy finding in bacterial
infections. The bacteria attach to the tubular epithelium and trigger an inflammatory response. As a
result, pro-inflammatory chemokines (e.g., IL-8) are released and the epithelium becomes permeable.
This allows PMNs to enter the tubules and fight the infection.

C - Widespread granulomatous tissue and foamy macrophages

Explanation Why

Widespread granulomatous tissue and foamy macrophages are seen in xanthogranulomatous
pyelonephritis. Xanthogranulomatous pyelonephritis, if symptomatic, would be seen on ultrasound
examination as an enlarged kidney with hypoechoic masses. This patient's imaging is unremarkable,
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which excludes this diagnosis.

D - Cystic dilation of the renal medulla

Explanation Why

Cystic dilation of the renal medulla is seen in autosomal dominant polycystic kidney disease
(ADPKD). Patients with ADPKD usually present at a younger age with recurrent flank and/or
abdominal pain, recurrent episodes of UT]Is, and bilateral renal masses palpable on exam. Self-
limited hematuria is also a very common manifestation. Ultrasound examination demonstrates the
presence of numerous cysts; this patient, however, has an unremarkable ultrasound, no renal masses
on examination, and a history inconsistent with this diagnosis.

E - Sloughing of necrotic renal papillae

Explanation Why

Sloughing of necrotic renal papillae is seen in cases of renal papillary necrosis. Clinically, this often
presents as gross, painless hematuria. Affected patients will classically have a history of sickle cell
disease, chronic NSAID use, or acute pyelonephritis. Although this patient is suffering from acute
pyelonephritis, red cells are not seen on urinalysis and the patient is not reporting hematuria. While
this finding could possibly be observed, it is not the most likely finding.

F - Tubular eosinophilic casts

Explanation Why

Tubular eosinophilic casts (i.e., casts that stain with eosin, not casts made up of eosinophil remnants)
are seen in chronic pyelonephritis. The biopsy findings can resemble thyroid tissue. Recurrent
infections, typically associated with an underlying predisposition, such as an obstruction or
vesicoureteral reflux, are a hallmark of the history. This patient's presentation, however, is consistent

with acute pyelonephritis.
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Question # 17

A 6-year-old girl is brought to the physician because of increasing swelling around her eyes for the past
3 days. Her vital signs are within normal limits. Physical examination shows periorbital edema and
abdominal distention with shifting dullness. Laboratory studies show a serum albumin of 2 g/dL and a
serum cholesterol concentration of 290 mg/dL. Urinalysis shows 4+ proteinuria and fatty casts.
Histological examination of a kidney biopsy specimen is most likely to show which of the following
findings?

Answer Image

A || Granular subepithelial deposits of IgG, IgM, and C3 on immunofluorescence

B || Mesangial proliferation on light microscopy

Deposits of IgG and C3 at the glomerular basement membrane on
immunofluoresence

D || Subepithelial dense deposits on electron microscopy

E || Effacement of foot processes of podocytes on light microscopy

F || Normal glomeruli on light microscopy
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Hint

The combination of large proteinuria, hypoalbuminemia, edema, and hyperlipidemia indicate nephrotic
syndrome. Minimal change disease is the most common cause of nephrotic syndrome in children.
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Correct Answer

A -

Granular subepithelial deposits of IgG, IgM, and C3 on immunofluorescence

Explanation Why

Granular subepithelial deposits of IgG, IgM, and C3 on immunofluorescence are seen in post-
streptococcal glomerulonephritis (PSGN). PSGN is characteristically preceded by an infection with
group A beta-hemolytic streptococci 10-30 days before the onset of edema. Moreover, it usually
manifests with nephritic sediment rather than the nephrotic sediment seen in this patient.

B - Mesangial proliferation on light microscopy

Explanation Why

Mesangial proliferation is seen with light microscopy in IgA nephropathy, which usually manifests
with nephritic sediment during or immediately following an infection. IgA nephropathy may also be
associated with Henoch-Schonlein purpura. Additional findings include mesangial IgA deposits on
immunofluorescence and mesangial immune complex deposits on electron microscopy. This patient's
nephrotic sediment is not consistent with IgA nephropathy.

C-

Deposits of IgG and C3 at the glomerular basement membrane on
immunofluoresence

Explanation Why

Deposits of IgG and C3 at the glomerular basement membrane can be seen membranoproliferative
glomerulonephritis, which is associated with systemic lupus erythematosus, hepatitis B, hepatitis C,
and dysregulation in the complement pathway (complement-mediated MPGN). It is not commonly
seen in children and while it can also present with features of nephrotic syndrome, features of
nephritic syndrome (e.g., hematuria) would also be expected.
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D - Subepithelial dense deposits on electron microscopy

Explanation Why

Subepithelial dense deposits ('spike and dome' appearance) on electron microscopy are seen in
membranous nephropathy, the most common cause of nephrotic syndrome in Caucasian adults.
Additional findings of membranous nephropathy include thickened glomerular capillary loops on
light microscopy. Membranous nephropathy also presents with nephrotic syndrome but is not
commonly seen in children.

E - Effacement of foot processes of podocytes on light microscopy

Explanation Why

Minimal change disease, which this patient has, is characterized by effacement of foot processes of
the podocytes. However, this can only be seen on electron microscopy and would not be visualized
with light microscopy. Effacement of foot processes of podocytes is also seen in focal segmental
glomerulosclerosis (FSGS), which can cause nephrotic syndrome but is not the most common cause
in children.

Explanation Why

Minimal change disease is the most common cause of nephrotic syndrome in children (especially <
10 years of age). Most cases are idiopathic, but it may occasionally be triggered by a recent infection,
immunization, or neoplasm (lymphoma). Circulating cytokines can cause effacement of podocytes
that is visible on electron microscopy. However, glomeruli appear normal on light microscopy.
Minimal change disease responds very well to corticosteroids and has a good prognosis, which is
why a renal biopsy is usually not indicated for diagnosis.
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Question # 18

A 33-year-old woman comes to the physician because of a 14-hour history of left flank pain associated
with dark urine. Her temperature is 37.2°C (99°F). The abdomen is soft with normal bowel sounds.
There is guarding on the left lateral side and tenderness to palpation over the left costophrenic angle. An
x-ray of the abdomen shows an 8-mm kidney stone. In addition to adequate hydration, which of the

following changes in diet should be advised for this patient?

Answer

Image

A || High-oxalate diet

B || Vitamin C supplementation

C || Low-protein diet

D || Low-calcium diet

E || High-sodium diet
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Hint

This patient presents with classic clinical features of nephrolithiasis, including unilateral flank pain,
hematuria (dark urine), and costovertebral angle tenderness. The x-ray findings of a radiopaque stone
indicate that it is most likely a calcium stone (80% of kidney stones).
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Correct Answer

A - High-oxalate diet

Explanation Why

Increased oxalate consumption can cause hyperoxaluria. The increased urinary oxalate binds more
calcium in the renal tubule, which can precipitate calcium oxalate stones, the most common type of
kidney stone. Therefore, a low-oxalate diet would be recommended for this patient to decrease her

risk of nephrolithiasis.

B - Vitamin C supplementation

Explanation Why

Vitamin C supplementation is unlikely to benefit this patient. Excess vitamin C is excreted in the
urine in the form of oxalate, which precipitates with calcium in the renal tubule, thereby increasing
the risk of calcium oxalate stone formation.

Explanation But

A struvite stone is also radiopaque, but this patient has no signs of a precipitating infection. Cystine
stones can be faintly radiopaque but are very rare (< 1%) and would have most likely precipitated at
an earlier age. Uric acid stones are not radiopaque. Regardless, a low-protein diet can help prevent all
types of stones, especially cystine stones and uric acid stones, which are precipitated by cysteine and
purine content, respectively.

Explanation Why

The consumption of animal protein is associated with increased urinary calcium, which can
precipitate calcium stones; both calcium oxalate (most common) and calcium phosphate types.
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Therefore, this patient should be advised to follow a low-protein diet. Other conservative measures
for calcium stones include generous hydration (the most important intervention; fluid intake should

be > 2.5 L/day), analgesia (mainly acetaminophen), thiazides (increase tubular reabsorption of Ca2+,

which decreases urinary Ca2+), alkalinization (e.g., with potassium citrate), a low-sodium diet
(prevents dehydration), and reduced consumption of oxalate-rich foods.

D - Low-calcium diet

Explanation Why

In the intestinal lumen, calcium binds to oxalate, which is then excreted in the feces. A low-calcium
diet decreases intestinal excretion of oxalate, freeing up more for absorption. As a result, the
increased urinary oxalate binds more calcium in the renal tubule, which can precipitate calcium
oxalate stones, the most common type of kidney stones. Therefore, this patient would not benefit
from a low-calcium diet.

E - High-sodium diet

Explanation Why

High sodium levels ultimately cause an increase in urine output, which results in both dehydration
and increased amounts of calcium excreted in the urine. This increases the risk of calcium phosphate
stones or calcium oxalate stones formation. This patient would benefit from a low-sodium, not a
high-sodium, diet.
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Question # 19

A 62-year-old man comes to the physician because of fatigue and decreased urine output for 2 weeks.
He has not been to the physician for many years and takes no medications. Serum studies show a urea
nitrogen concentration of 42 mg/dL and a creatinine concentration of 2.3 mg/dL. Urinalysis shows
heavy proteinuria. A photomicrograph of a section of a kidney biopsy specimen is shown. Which of the
following is the most likely underlying cause of this patient's symptoms?

Answer Image

Diabetes
mellitus
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Answer

Amyloidosis

Fibromuscular
dysplasia

Severe
hypertension

Dyslipidemia
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Hint

The patient's symptoms and serum studies suggest renal failure. Renal biopsy shows a thickened,
hyaline arterial wall consistent with hyaline arteriosclerosis.
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Correct Answer

Explanation Why

In diabetes mellitus, chronic hyperglycemia promotes the attachment of carbohydrates to proteins, a
process known as nonenzymatic protein glycation (NEPG), which alters the structure and function of
the glycated protein. NEPG of the glomerular basement membrane renders it permeable to plasma
proteins, which accumulate within the walls of the glomerular arterioles, causing arteriolar
thickening and narrowing. This protein accumulation appears as pink amorphous material within the
vascular wall on H&E staining and is known as hyaline arteriolosclerosis.

B - Amyloidosis
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Explanation Why

Renal amyloidosis results from the deposition of B-sheet fibrils within the mesangial matrix and
glomeruli of the kidney. Renal amyloidosis can present with proteinuria and renal failure, as seen in
this patient. Although amyloid deposits resemble the pink hyaline material seen here, similar
deposits would also be expected in the mesangium and interstitium of the kidney.

C - Fibromuscular dysplasia

Explanation Why

Chronic fibromuscular dysplasia (FMD) of the renal artery can manifest with renal failure. However,
FMD typically affects medium to small-sized arteries, such as the renal artery, carotid artery,
mesenteric arteries, as opposed to arterioles. H&E staining of a vessel affected by FMD would show
collagen deposition in the tunica media or tunica intima.
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D - Severe hypertension

Explanation Why

Patients with chronic essential hypertension can show hyaline arteriolosclerosis on renal biopsy, as
seen in this patient. However, a renal biopsy in patients with long-term severe or malignant
hypertension would predominantly show hyperplastic arteriolosclerosis, characterized by an
onion-skin appearance of the arteriolar wall due to vascular smooth muscle proliferation, as well as
fibrinoid necrosis.

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

E - Dyslipidemia

Image
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Dyslipidemia is a risk factor for atherosclerosis. An atheroma in the renal artery can cause renal
artery stenosis, which can lead to renal failure. However, atherosclerosis affects medium-sized or
large vessels (e.g., the aorta, coronary arteries, renal artery), as opposed to arterioles. H&E staining
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of an atherosclerotic vessel would show cholesterol plaques, foam cells, and smooth muscle
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Question # 20

A 19-year-old man is brought to the emergency department following a high-speed motor vehicle
collision in which he was a restrained passenger. He complains of pelvic pain and involuntary loss of
urine, with constant dribbling. Examination shows perineal bruising and there is pain with manual
compression of the pelvis. Pelvic ultrasound shows a normal bladder. Injury to which of the following
structures is most likely responsible for this patient's urinary incontinence?

Answer Image

A || Pelvic splanchnic nerves

lliohypogastric nerve
| : Lateral cutaneous branch

" llivinguinal nerve
Genitofemoral nerve

Femoral branch
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Femoral nerve ——————=
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+—— Femoral nerve
| Saphenous nerve
|
|
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Deep fibular nerve ——————érs.

C || Superior gluteal nerve

D || Ilioinguinal nerve
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Answer

Image

Obturator nerve

Femoral nerve
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Hint

This patient's urinary dribbling is consistent with neurogenic bladder secondary to pelvic trauma. The
injured nerve is part of the autonomic nervous system.
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Correct Answer

Explanation Why

Pelvic splanchnic nerves originate from the sacral nerve roots S2—S4 and provide parasympathetic
innervation to the rectum, erectile tissue, and detrusor muscle of the bladder. Injury to these nerves
(e.g., due to pelvic trauma, as seen in this patient) causes decreased activity of the detrusor muscle,
which results in impaired bladder contractility (atonic bladder), overdistention, and decreased
sensation of bladder fullness. The resulting overflow incontinence typically manifests with
involuntary loss of urine in the form of constant dribbling.

B - Genitofemoral nerve

Image
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Explanation Why

Genitofemoral nerve injury can occur as a complication of laparoscopic surgery (e.g., hernia repair)
or compression (e.g., psoas abscess). Injury to this nerve would cause sensory loss in the scrotal skin
and the upper and anterior medial thigh, as well as a decreased cremasteric reflex. Urinary
incontinence would not be expected.

C - Superior gluteal nerve

Explanation Why

The superior gluteal nerve innervates the gluteus medius and minimus muscles, which are
responsible for abduction of the hip. Injury to this nerve would result in a positive Trendelenburg
sign but would not cause urinary incontinence.
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D - Ilioinguinal nerve

Explanation Why

[lioinguinal nerve injury most commonly occurs as a complication of laparoscopic surgery (e.g.,
hernia repair). Injury to this nerve would cause sensory loss of the upper medial thigh, the root of the
penis, and the anterior one-third of the scrotum, as well as a decreased cremasteric reflex. Urinary
incontinence would not be expected.

E - Obturator nerve

Explanation Why

Obturator nerve injury can also occur with pelvic trauma. Injury to this nerve would cause paralysis
of the hip adductors and sensory loss in the medial thigh. Urinary incontinence would not be
expected.

F - Femoral nerve

Explanation Why

Femoral nerve injury can also occur as a result of pelvic trauma. Injury to this nerve would cause
sensory loss in the anteromedial thigh and medial lower leg, as well as motor deficits of the
quadriceps, iliacus, pectineus, and sartorius muscles (resulting in impairment in hip flexion, knee
extension, and the patellar tendon reflex). Femoral nerve injury does not cause urinary incontinence.
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Question # 21

A previously healthy 38-year-old man comes to the emergency department for evaluation of several
hours of severe, right-sided, colicky flank pain that radiates to the groin. He drinks 2-3 energy drinks
daily. An x-ray of the abdomen shows a 4-mm radiopaque mass in the right ureter. Microscopic
examination of the urine shows biconcave, dumbbell-shaped crystals. Which of the following is most
likely to prevent future episodes of flank pain?

Answer

Image

A || Begin loop diuretic

B Maintain acidic urine

C || Maintain adequate hydration

D || Start high-dose vitamin C

E || Restrict dietary calcium intake

F || Decrease caffeine consumption
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Hint

The radiopaque mass in the area of the ureter and biconcave dumbbells on urinalysis confirm the
diagnosis of calcium oxalate stones.
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Correct Answer

A - Begin loop diuretic

Explanation Why

Loop diuretics inhibit reabsorption of calcium in the loop of Henle, causing hypercalciuria, which
promotes calcium stone formation. Thiazide diuretics, however, increase calcium reabsorption in the
renal tubules and decrease urinary calcium levels, which prevents the formation of calcium stones.

B - Maintain acidic urine

Explanation Why

Calcium oxalate crystallizes in an acidic environment and is soluble in an alkaline environment. In a
patient with calcium oxalate stones, alkalinization of urine would prevent recurrent stone formation.
This can be achieved with a diet rich in fruits and vegetables or potassium citrate. Urinary
acidification is recommended for prevention of calcium phosphate or struvite stones.
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Image

Explanation But

Calcium oxalate stones can also appear as bipyramidal envelopes on urinalysis.

Explanation Why

Inadequate hydration causes supersaturation of solutes in urine, which increases the risk of stone
formation. Fluid intake of > 2.5 L/day reduces the risk of recurrent nephrolithiasis because it
decreases the urinary solute concentration and increases the frequency of urination. Adequate
hydration prevents recurrence of all types of urinary stones. This patient should also be advised
against excessive consumption of energy drinks, which often contain oxalate and contribute to the
formation of calcium oxalate stones.
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D - Start high-dose vitamin C

Explanation Why

Vitamin C is metabolized to oxalate, which is then excreted in urine. High doses of supplemental
vitamin C cause oxalate supersaturation in urine, which promotes the formation of calcium oxalate
stones. Starting this patient on supplemental vitamin C is therefore not the best course of action.

E - Restrict dietary calcium intake

Explanation Why

Restricting normal dietary calcium intake (approx. 1000 mg/day) enhances the intestinal absorption
of oxalate. This increases urinary oxalate excretion and the risk of recurrent calcium oxalate stones.
In addition, prolonged low dietary calcium can decrease bone mineral density and cause
osteoporosis. However, supplemental calcium intake (above the normal daily requirements) should
be restricted in patients with calcium stones.

F - Decrease caffeine consumption

Explanation Why

Although the association between caffeinated beverages and formation of renal stones is not entirely
clear, increased (not decreased) caffeine consumption (either coffee or tea) decreases the recurrence
rate of nephrolithiasis, most likely by improving urinary flow and decreasing urinary supersaturation.
Coffee and tea also have antioxidant and anti-inflammatory properties that potentially reduce the risk
of stone formation.

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Question # 22

A 72-year-old man comes to the physician for a routine physical examination. He says that he has felt
well except for occasional headaches. He has no history of major medical illness. His temperature is
37°C (98.6°F), pulse is 80/min, and blood pressure is 155/90 mm Hg. An ultrasound of the kidneys
shows a normal right kidney and a left kidney that is 2 cm smaller in length. Further evaluation is most

likely to show which of the following?

Answer

Image

A || Elevated urine metanephrines

B Abdominal bruit

C || Polycythemia

D || Hematuria

E || Varicocele
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Hint

An atrophic kidney in a patient with new-onset hypertension should raise concern for renal artery
stenosis, a narrowing of one or both renal arteries that decreases renal perfusion, which then activates
the renin-angiotensin-aldosterone system and causes secondary hypertension.
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Correct Answer

A - Elevated urine metanephrines

Explanation Why

Elevated urinary metanephrines are diagnostic of pheochromocytoma, which can cause new-onset
hypertension and headaches, as seen in this patient. However, pheochromocytoma appears as a solid
or cystic lesion in the adrenal glands on imaging rather than renal atrophy.

Explanation Why

An abnormal swishing sound heard on auscultation over a blood vessel is referred to as bruit. It
reflects the turbulence of the blood flow in a stenosed vascular segment. The bruit of renal artery
stenosis 1s continuous (occurs during systole and diastole) and can be auscultated over the
costovertebral angles of the flank and/or over the epigastrium, 2-3 cm lateral to the midline.

C - Polycythemia

Explanation Why

Polycythemia (due to production of erythropoietin) and new-onset hypertension (due to production
of renin) can develop as paraneoplastic phenomena in patients with renal cell carcinoma (RCC).
However, RCC usually appears as a mass on imaging rather than renal atrophy.
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D - Hematuria

Explanation Why

Hematuria and new-onset hypertension can develop in patients with renal cell carcinoma (RCC) or
nephritic syndrome. However, neither of these conditions causes renal atrophy. RCC appears as a
mass on imaging; nephritic syndrome is not associated with specific ultrasound findings.

E - Varicocele

Explanation Why

Varicoceles are classically caused by compression of the venous system that drains the testicle (e.g.,
due to renal cell carcinoma). RCC can cause new-onset hypertension (due to production of renin) but
appears as a mass on imaging rather than renal atrophy.
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Question # 23

A 35-year-old woman comes to the emergency department because of right flank pain that radiates to
the groin. She has no history of major medical illness. Her temperature is 36°C (96.8°F), pulse is
100/min, and blood pressure is 110/60 mm Hg. A urine dipstick is positive for blood. Further evaluation

is most likely to show which of the following sets of laboratory findings?

Serum Ca2" || Serum uric acid || Urine Ca2* || Urine pH || Urine cystine

A || Normal normal increased decreased || normal

B || Normal normal normal normal normal

C || Normal normal normal increased normal

D || Normal increased normal decreased || normal

E || Increased normal increased increased normal

F || Normal normal normal decreased increased
Answer Image

Al A
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Answer
C || C
DJ| D
E E
F F
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Hint

This patient's flank pain and hematuria are most likely due to nephrolithiasis. Urinary stones are most
commonly composed of calcium oxalate.
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Correct Answer

Explanation Why

Calcium oxalate stones are overall the most common stone seen in nephrolithiasis and idiopathic
hypercalciuria is the most common risk factor for this type of stone formation. Further evaluation of
this patient is most likely to show hypercalciuria and decreased urine pH; serum calcium and uric
acid would be expected to be normal. Other risk factors for the development of calcium oxalate
stones include Crohn disease, ethylene glycol toxicity, hypocitraturia, and vitamin C toxicity.
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Explanation Why

Renal stones typically form when there are one or more predisposing factors favoring precipitation of
salts (e.g., urinary supersaturation due to | urinary flow or 1 renal excretion of solutes, alterations in
normal urinary pH due to hyperuricemia, drugs, or infections). Healthy individuals who are not on
any medication and who have normal levels of serum calcium, serum uric acid, urine calcium, and
urine cystine, as well as a normal urine pH, are unlikely to develop renal stones.

Explanation Why

Alkaline urine with otherwise normal lab values would be consistent with a patient with struvite
stones. Alkaline urine is typically seen in patients with UTIs caused by urease-producing organisms,
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which convert urea to the basic compound ammonia. Ammonia combines with water to form
ammonium, which under basic conditions combines with phosphate and magnesium to form struvite
stones. Struvite stones are rare and only account for 5-10% of all kidney stones. This patient lacks a
history of recurrent UTT or indwelling urinary catheter and therefore is unlikely to have struvite
stones.
D-D
Image
L ]
. :|‘Iﬂ e
Explanation Why
These lab results would be seen in patients with uric acid stones, an uncommon type of
nephrolithiasis (~ 5-10%) primarily seen in patients with underlying hyperuricemia (e.g., tumor lysis
syndrome, gout) and hyperuricosuria. Low urine pH favors the formation of uric acid stones. This
patient does not have a history of any condition that would predispose her to uric acid stone
formation and a different set of findings is more likely.
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Explanation Why

These lab results would be seen in a patient with calcium phosphate stones, the second most common
type of calcium kidney stone. Etiological factors for calcium phosphate stones include hypercalciuria
(e.g., idiopathic or due to hyperparathyroidism) and hypocitraturia. Serum calcium is usually normal
in patients with calcium stones, but it can be elevated, especially if hyperparathyroidism is the
underlying cause. Calcium phosphate stones precipitate in alkaline urine (e.g., as in renal tubular
acidosis). This patient does not have any history of risk factors for calcium phosphate stone
formation and a different set of findings is more likely.

Explanation Why

These lab results would be seen in patients with cystine stones, which account for ~ 1% of kidney
stones and are typically only seen in patients with cystinuria. Cystinuria classically presents with
recurrent nephrolithiasis beginning in childhood and is also characterized by impaired reabsorption
of ornithine, arginine, and lysine. Cystine precipitates in acidic urinary pH and may form staghorn
calculi. The absence of a history of recurrent nephrolithiasis or positive family history makes this set
of findings unlikely in this patient.
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Question # 24

A 62-year-old woman is evaluated because of a 3-day history of headache, nausea, and decreased

urination. Laboratory studies show:

Serum

Na" 136 mEq/L

K' 3.2 mEq/L

Cr 115 mEq/L

Mg”" || 1.4 mg/dL

Urine

pH 7.0

Arterial blood gas analysis on room air shows a pH of 7.28 and a HCO3" concentration of 14 mEq/L.
Prolonged treatment with which of the following drugs would best explain this patient's findings?

Answer

Image

A || Trimethoprim-sulfamethoxazole

B || Acetazolamide

C || Eplerenone

D || Amphotericin B

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Answer

Image

Heparin
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Hint

Anion gap is usually calculated as [Na+] — ([CI'] + [HCO37]), and a range of 6—12 mmol/L is normal.
This patient's normal anion gap metabolic acidosis (anion gap = 7 mmol/L), urine pH > 5.5, and
hypokalemia are suggestive of type 1 renal tubular acidosis.
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Correct Answer

A - Trimethoprim-sulfamethoxazole

Explanation Why

Trimethoprim-sulfamethoxazole (TMP-SMX) is an antimicrobial drug used in the treatment of
urinary tract infections and pneumocystis pneumonia and as prophylaxis in patients with AIDS who
have a reduced CD4 cell count. TMP-SMX can cause acute kidney injury, which manifests in the
oliguric phase with decreased urination, hyperkalemia, and a normal anion gap metabolic acidosis. In
contrast, this patient has hypokalemia.

B - Acetazolamide

Explanation Why

Acetazolamide is a carbonic anhydrase inhibitor used in the treatment of altitude sickness, idiopathic
intracranial hypertension, and metabolic alkalosis. This drug can cause a type 2 renal tubular
acidosis, which is a hyperchloremic, hypokalemic, normal anion gap metabolic acidosis.

Acetazolamide initially alkalinizes urine by promoting renal excretion of HCO3". After the serum

concentration of HCO3” equilibrates, reabsorption in the proximal tubule returns to normal, and urine
pH typically becomes < 5.5. This patient has a urine pH of 7.0. Moreover, acetazolamide is a diuretic
and causes increased, not decreased, urine output.

C - Eplerenone

Explanation Why

Eplerenone is an aldosterone receptor antagonist used in the treatment of primary

hyperaldosteronism (Conn syndrome). Eplerenone decreases Na reabsorption and causes H2O

retention, thereby increasing urine output and decreasing serum Na' concentrations. By causing
aldosterone resistance, it can result in the development of a type 4 renal tubular acidosis, which is a
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hyperchloremic, hyperkalemic, normal anion gap metabolic acidosis associated with a urine pH <
5.5. This patient has decreased urine output, hypokalemia, and a urine pH of 7.0.

Explanation But

Treatment with the lipid formulation of amphotericin B is associated with a lower incidence of
nephrotoxicity.

Explanation Why

Amphotericin B is an antifungal drug used in the treatment of severe, systemic fungal infections.
Ampbhotericin B reacts with ergosterol and disrupts fungal cell membranes. Because of nonspecific
binding, it can also bind to cholesterol found in human cells, which leads to several adverse effects.
Infusion-related reactions, which manifest with nausea, vomiting, and chills, are common. Additional
adverse effects include fever, headache, and nephrotoxicity. In addition to acute kidney injury,
patients often develop a type 1 renal tubular acidosis, a hyperchloremic, hypokalemic, normal anion
gap metabolic acidosis with an associated urine pH > 5.5, as seen in this patient.

E - Heparin

Explanation Why

Heparin is an antithrombin activator used for anticoagulation. It has a direct toxic effect on adrenal
zona glomerulosa cells. As a result, heparin therapy can lead to a decreased concentration of
aldosterone and the development of a type 4 renal tubular acidosis, which is a hyperchloremic,
hyperkalemic, normal anion gap metabolic acidosis associated with a urine pH < 5.5. This patient has
hypokalemia and a urine pH of 7.0.
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Question # 25

An 84-year-old man is brought to the physician by the staff of a group home where he resides because of
worsening confusion and decreased urinary output. His nurse reports that the patient has not been
drinking much for the last 3 days. Examination shows a decreased skin turgor and dry oral mucosa. His
pulse is 105/min and blood pressure is 100/65 mm Hg. His serum creatinine is 3.1 mg/dL and a urea
nitrogen is 42 mg/dL. Urine studies show multiple brownish granular casts. Which of the following

processes is most likely involved in the pathogenesis of this patient's condition?

Answer

Image

A || Leukocytic infiltration of renal interstitium

B || Disruption of glomerular podocytes

C || Necrosis of renal papillae

D || Damage to glomerular basement membrane

E Denudation of tubular basement membrane

F || Immune complex deposition in mesangium
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Hint

A BUN/Cr ratio of < 20:1 and a history of decreased fluid intake in the context of decreased skin turgor
and dry mucosa are suggestive of acute intrinsic kidney injury due to severe dehydration. The granular

(“muddy brown”) casts are pathognomonic for a condition that is also the most common cause of acute
kidney injury (AKI) in hospitalized patients.
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Correct Answer

A - Leukocytic infiltration of renal interstitium

Explanation Why

Leukocytic infiltration of the renal interstitium occurs in acute interstitial nephritis (AIN). AIN,
which is typically associated with drug-induced hypersensitivity, certain infections (e.g.,
Mycoplasma), or autoimmune disease, can cause acute kidney injury but it typically presents with
fever, rash, or costovertebral angle tenderness, and hematuria, pyuria, and WBC casts on urinalysis.

B - Disruption of glomerular podocytes

Explanation Why

Disruption of glomerular podocytes and is characteristic of minimal change disease (MCD) and focal
segmental glomerulosclerosis, both of which present with nephrotic syndrome. Nephrotic syndrome
is not characterized by acute kidney injury but by generalized edema, severe proteinuria (typically >
3.5 g/day), and foamy urine with fatty casts (not “muddy brown” casts).

C - Necrosis of renal papillae

Explanation Why

Necrosis of the renal papillae, which is associated with pyelonephritis, sickle cell disease, analgesic
abuse, and diabetes mellitus, can cause acute kidney injury but it typically presents with colicky
flank pain and hematuria.
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D - Damage to glomerular basement membrane

Explanation Why

Damage to the glomerular basement membrane, which in anti-GBM antibody disease, would present
with nephritic syndrome. Although oliguria and azotemia are seen in nephritic syndrome, this patient
does not have any of the other characteristic features of this disease such as hypertension or red
blood cell casts in the urine.

Explanation Why

In acute tubular necrosis (ATN), the epithelial cells of the renal tubules slough off and the tubular
basement membrane is denuded. ATN is a common cause of AKI in hospitalized and
institutionalized patients, and in this case, likely resulted from ischemia secondary to hypovolemia.
The straight segment of the PCT is most susceptible to ischemic damage. Following the inciting
event, patients with ATN develop oliguria, azotemia, hyperkalemia, and metabolic acidosis. After
1-3 weeks, most patients with ATN will experience tubular re-epithelization and full recovery.
Patients may experience polyuria during the recovery phase.

F - Immune complex deposition in mesangium

Explanation Why

Immune complex deposition in the mesangium is characteristic of IgA nephropathy, which can
manifest with acute kidney injury. However, features of nephritic syndrome (e.g., RBC casts on
urinalysis, hypertension) would be present. Also, IgA nephropathy is typically associated with
periods of strenuous exercise and respiratory or gastrointestinal illness.
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Question # 26

A 46-year-old man comes to the emergency department because of sharp pain in his left flank that began
suddenly 30 minutes ago. Physical examination shows costovertebral angle tenderness on the left side. A
photomicrograph of the urine is shown. The patient is most likely to benefit from an increase of which
of the following components in the urine?

Answer Image
A || Sodium
B || Citrate
C || Hydrogen
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Answer

Image

Oxalate

Phosphate

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Hint

This patient presents with flank pain radiating to the groin and costovertebral angle tenderness,
indicating nephrolithiasis. Urinalysis shows “envelope-shaped” crystals, which are associated with
calcium oxalate stones.
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Correct Answer

A - Sodium

Explanation Why

An elevated urine sodium increases the risk of stone formation. Calcium is passively reabsorbed in
the proximal convoluted tubule with sodium and water. Therefore, a high serum sodium
concentration will lead to decreased sodium reabsorption in the tubules, and both a parallel reduction
in calcium transport and an increase of calcium excretion. In fact, patients with recurrent calcium
stones are often recommended low-sodium diets to enhance sodium (and calcium) reabsorption.

Explanation Why

Hypocitraturia is a risk factor for the development of calcium oxalate stones. Calcium and citrate
combine in the tubular lumen to form a soluble complex, which results in less free calcium available
to combine with oxalate. An increase in urinary citrate through drug therapy or dietary modifications
would be beneficial in this patient to reduce the risk of further stone formation.

C - Hydrogen

Explanation Why

An increase in H' ions would not be beneficial in this patient because acidic urine promotes the
formation of calcium oxalate stones. In fact, urinary alkalinization (through dietary modification or
medications) can be used as a treatment in patients with recurrent calcium oxalate stones.
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D - Oxalate

Explanation Why

An increase in urine oxalate excretion would further exacerbate this patient's calcium oxalate stones.

E - Phosphate

Explanation Why

An increase in urinary phosphate would likely increase the risk of further stone formation since the
majority of calcium oxalate stones are composed of some combination of phosphate.
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Question # 27

A 4-year-old girl is brought to the emergency department because of colicky abdominal pain for 1 day.
She has had two similar episodes in the past. Urinalysis shows red blood cells and hexagonal-shaped
crystals. Urine sodium cyanide nitroprusside test is positive. Further evaluation of this patient is most

likely to show which of the following findings?

Answer

Image

A || Increased stool fat content

B || Inability of intercalated cells to secrete H'

C || Increased urine homocysteine levels

D || Impaired intestinal ornithine reabsorption

E || Urease-positive bacteria in the renal pelvis
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Hint

Colicky abdominal pain in a child with a positive sodium cyanide nitroprusside test, hexagonal-shaped
crystals, and hematuria indicates cystine stones due to cystinuria.
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Correct Answer

A - Increased stool fat content

Explanation Why

Increased stool fat content is a sign of decreased absorption of bile salts and can be caused by Crohn
disease or short bowel syndrome. When there is increased stool fat content, calcium, which normally
chelates free oxalate, binds free lipids instead. More free oxalate is absorbed, which promotes the
formation of renal calcium oxalate stones. Oxalate stones are envelope-shaped and do not cause a
positive urine sodium cyanide nitroprusside test, unlike what is seen in this case. In addition, this
patient's young age and lack of fitting history rule out Crohn disease and short bowel syndrome.

B - Inability of intercalated cells to secrete H"

Explanation Why

The inability of intercalated cells to secrete H" can be seen in distal renal tubular acidosis. Patients
with this condition are at increased risk for renal calcium phosphate stones due to an increased urine
pH and increased bone turnover. Calcium phosphate stones are wedge-shaped prisms and do not
explain a positive urine sodium cyanide nitroprusside test.

C - Increased urine homocysteine levels

Explanation Why

Homocystinuria is caused by enzyme deficiencies that increase blood and urine homocysteine levels.
Although homocystinuria causes a positive urine sodium cyanide nitroprusside test, the condition is
not associated with kidney stone formation.
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Explanation Why

Autosomal recessive cystinuria is a hereditary defect of proximal convoluted tubule and small
intestine amino acid transport proteins. These defects prevent proper reabsorption of ornithine,
cystine, lysine, and arginine in the small intestine and the kidneys. This leads to the precipitation of
hexagonal-shaped cystine stones in urine and a positive urine sodium cyanide nitroprusside test.

E - Urease-positive bacteria in the renal pelvis

Explanation Why

Urease-producing bacteria are a group of pathogens that can cause urinary tract infection and are
responsible for forming ammonium magnesium phosphate stones, also called struvite stones. They
account for about 15% of kidney stones and can even form staghorn calculi. Although this patient's
abdominal pain could be a sign of a UTI, urease-producing bacteria show a negative urine sodium
cyanide nitroprusside test. Moreover, struvite stones are coffin lid shaped, rather than the hexagonal-
shaped crystals seen here.
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Question # 28

One month after undergoing surgical spinal fusion because of a traumatic spinal cord injury, a
68-year-old man comes to the physician because of lower abdominal pain. He last voided yesterday.
Physical examination shows a suprapubic mass and decreased sensation below the umbilicus.
Urodynamic studies show simultaneous contractions of the detrusor muscle and the internal urethral
sphincter. Urinary catheterization drains 900 mL of urine from the bladder. Which of the following is the
most appropriate pharmacotherapy for this patient’s urinary symptoms?

Answer Image

A || Neostigmine

B || Finasteride

C || Phenylephrine

D || Bethanechol

E Prazosin
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Hint

This patient has signs and symptoms of spastic neurogenic bladder (detrusor sphincter dyssynergia) with
urinary retention following spinal cord injury. Appropriate pharmacotherapy would involve inhibition of
the detrusor and sphincter muscle.
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Correct Answer

A - Neostigmine

Explanation Why

Neostigmine can be used to treat the detrusor muscle hypomotility seen in flaccid neurogenic bladder
or postoperative urinary retention. In these cases, the addition of an acetylcholinesterase inhibitor
will allow more endogenous acetylcholine to stimulate the M3 receptors in the bladder and cause
detrusor contraction. Neostigmine would exacerbate this patient's spastic detrusor muscle activity.

B - Finasteride

Explanation Why

Finasteride is used to treat bladder outlet obstruction due to benign prostatic hyperplasia (BPH), as it
decreases the size of the prostate. This man is at risk of having BPH, which is common in men > 50
years of age and can cause urinary retention. However, BPH typically has a gradual onset and rarely
manifests with acute urinary retention as severe as seen in this patient. Finasteride has no effects on
detrusor muscle activity or urinary sphincter contraction and would not be effective for the spastic
neurogenic bladder seen in this patient.

C - Phenylephrine

Explanation Why

Phenylephrine is a sympathomimetic alpha-1 agonist, which would increase the smooth muscle tone
at the neck of the bladder and the internal urethral sphincter, thereby inducing urinary retention.
Phenylephrine would be contraindicated in this patient with an already overactive sphincter muscle
and spastic neurogenic bladder.
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D - Bethanechol

Explanation Why

Bethanechol can be used to treat bladder hypomotility seen in flaccid neurogenic bladder or
postoperative urinary retention. In these cases, the detrusor muscle is not contracting properly, and
the addition of a muscarinic agonist will stimulate M3 receptors in the bladder, causing detrusor
contraction and improved urinary outflow. This patient's urinary retention is due to a spastic
neurogenic bladder, which would be exacerbated with muscarinic agonists; a muscarinic antagonist
could be used instead.

Explanation But

A lower, sacral lesion would affect the parasympathetic bladder input and lead to a flaccid
neurogenic bladder that is unable to contract.

Explanation Why

Alpha blockers such as prazosin are the most appropriate pharmacotherapy in patients with spastic
neurogenic bladder because of their effects on smooth muscle relaxation of the neck of the bladder
and the internal urethral sphincter, which can improve urine outflow. This patient likely had a spinal
cord lesion near the level of T10 (decreased sensation below the umbilicus), which is now causing

sympathetic stimulation of the urethral sphincter, as evidenced by the urodynamic studies. Alpha
blockers are also a first-line therapy in urinary retention due to outflow tract obstruction caused by
benign prostatic hyperplasia. The most common side effects of alpha blockers are postural
hypotension and headaches.
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Question # 29

A 30-year-old woman is brought to the emergency department because of severe headache and vomiting
that started after she was hiking in the mountains at high altitude. She normally lives in a city that is
close to sea level. Therapy is initiated with a drug that alkalinizes the urine. Which of the following is

the most likely site of action of this drug in the kidney?

Answer

Image

A || Proximal convoluted tubule

B || Ascending loop of Henle

C || Glomerulus

D || Collecting ducts

E || Early distal convoluted tubule
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Hint

This patient has symptoms of altitude sickness. The pharmaceutical treatment of choice for altitude
sickness is acetazolamide, a urine alkalinizing agent.
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Correct Answer

Image

A, Carbonic anhydrase inhibitors
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Carbonic anhydrase inhibitors like acetazolamide enhance bicarbonate elimination in the proximal
convoluted tubule. Bicarbonate diuresis results in urine alkalinization as well as normal anion gap

metabolic acidosis. The latter drives compensatory respiratory alkalosis (hyperventilation) and thus

speeds the acclimatization process of altitude sickness by increasing the blood oxygen concentration
and reducing carbon dioxide levels.
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B - Ascending loop of Henle

Explanation Why

Loop diuretics block the Na+/K+/2Cl- transporter in the ascending loop of Henle, which impairs the
nephron's ability to reabsorb electrolytes and leads to diuresis. Loop diuretics decrease the urinary

pH by increasing K and H' secretion in the kidney; they are not used to treat altitude sickness.

C - Glomerulus

Explanation Why

The glomerulus forms the glomerular filtration barrier through which plasma components are filtered
into the renal tubular system. Although certain drugs (NSAIDs, ACE inhibitors) can affect the
perfusion of the glomeruli and GFR, and thereby indirectly influence the net filtration, absorption, or
secretion of electrolytes in the nephron, there are no diuretics that act at the glomerulus.

D - Collecting ducts

Explanation Why

Potassium-sparing diuretics reduce the reabsorption of sodium and secretion of potassium in the
distal convoluted tubule and collecting duct. Although this class of diuretics can cause metabolic
acidosis, and thus alkalinization of the urine, it is not used in the treatment of altitude sickness.
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E - Early distal convoluted tubule

Explanation Why

Thiazide diuretics block the Na+/Cl- transporter in the early distal convoluted tubule, resulting in
natriuresis and diuresis. Increased sodium excretion also increases potassium and hydrogen
excretion, which acidifies the urine rather than alkalinizing it. This class of diuretic would not benefit
this patient with altitude sickness.
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Question # 30

A 70-year-old man with a history of poorly controlled congestive heart failure comes to the physician
for a follow-up examination. At his previous visit 4 months ago, a new drug was added to his treatment
regimen. He reports that his dyspnea and peripheral edema have improved. His pulse is 70/min and
blood pressure is 110/80 mm Hg. Physical examination shows bilateral, mildly tender enlargement of
breast tissue. This patient's physical examination finding is most likely caused by a drug that acts at
which of the following sites in the kidney?

Answer Image

A || Proximal convoluted tubule

B || Juxtaglomerular apparatus

C Efferent arteriole

D || Early distal convoluted tubule

E || Thick ascending limb

F || Cortical collecting duct
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Hint

Gynecomastia is a classic side effect of spironolactone, which is used in the management of congestive
heart failure.
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Correct Answer

A - Proximal convoluted tubule

Explanation Why

Carbonic anhydrase inhibitors act at the proximal convoluted tubule and promote diuresis. However,
they are not used in the treatment of CHF and gynecomastia is not a known side effect. Carbonic
anhydrase inhibitors are used to treat glaucoma, altitude sickness, and pseudotumor cerebri and their
typical side effects include type 2 renal tubular acidosis, paresthesias, hyperammonemia,
hypokalemia, increased risk of calcium phosphate stones, and hypersensitivity reaction (sulfa drug).

B - Juxtaglomerular apparatus

Explanation Why

Beta blockers inhibit sympathetic activation of beta-adrenergic receptors in various parts of the body,
including the juxtaglomerular apparatus, and are used to treat heart failure. Adverse effects of beta
blockers include erectile dysfunction, exacerbation of COPD or asthma, bradycardia, and sleep
alteration. Gynecomastia is not a side effect of beta blockers.

C - Efferent arteriole

Explanation Why

Drugs that act on renal afferent arterioles include angiotensin receptor blockers (efferent arteriole
dilation) and nesiritide (efferent arteriole constriction). Both these drugs are used to treat heart failure
(ARBs to prevent cardiac remodeling; nesiritide to treat fluid overload in acute decompensated heart
failure) but neither of these drugs causes gynecomastia. Side effects associated with nesiritide and
ARBs include hypotension and renal insufficiency.
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D - Early distal convoluted tubule

Explanation Why

Thiazide diuretics act at the early distal convoluted tubule and are used to treat heart failure. They are
associated with side effects such as metabolic alkalosis, hypokalemia, hyponatremia, hypercalcemia,
hyperuricemia, hyperglycemia, hyperlipidemia, and hypersensitivity reaction (sulfa drug). Thiazides
do not cause gynecomastia.

E - Thick ascending limb

Explanation Why

Loop diuretics act at the thick ascending limb of the loop of Henle and are used to treat heart failure.
Side effects of loop diuretics include metabolic alkalosis, hypokalemia, hyponatremia, hypocalcemia,
hypomagnesemia, hyperuricemia, ototoxicity and interstitial nephritis, and hypersensitivity reaction
(with sulfa drugs such as furosemide, bumetanide, and torsemide). Gynecomastia is not a known side
effect of loop diuretics.
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Explanation Why

Spironolactone, which is a competitive aldosterone receptors antagonist, acts on the principal cells in
the cortical collecting ducts. It is used to reduce morbidity and mortality in patients with heart
failure. Spironolactone inhibits the binding of androgens to their receptors as well as the activity of
enzymes involved in androgen synthesis (e.g., 17,20-desmolase, 170-hydroxylase). It also increases
the peripheral conversion of testosterone to estradiol and displaces estradiol from SHBG. This
combination of antiandrogenic and pro-estrogenic effects can cause gynecomastia and impotence in
men. Eplerenone is an aldosterone receptor antagonist with a greater specificity for the
mineralocorticoid receptor than spironolactone; it has a lower incidence of endocrine side effects.
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Question # 31

A 53-year-old woman with endometriosis comes to the physician because of bilateral flank pain and
decreased urine output for 1-week. She has not had any fevers, chills, or dysuria. Physical examination
shows several surgical scars on her abdomen. Laboratory studies show a serum creatinine concentration
of 3.5 mg/dL. A CT scan of the abdomen shows numerous intra-abdominal adhesions, as well as
dilatation of the renal pelvis and proximal ureters bilaterally. An increase in which of following is the
most likely underlying mechanism of this patient's renal dysfunction?

Answer Image

Normal Grade | Grade Il Grade lll Grade IV

Hydrostatic
A || pressure in
the tubules

Osmotic
pressure in
the
glomeruli

Hydrostatic
pressure in
the efferent
arteriole

Osmotic
pressure in
the afferent
arteriole
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Answer

Image

Osmotic
pressure in
the tubules

https://t.me/USMLEAmboss



https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Hint

This patient has bilateral hydronephrosis secondary to post-surgical adhesions.

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Correct Answer

Image

MNormal Grade | Grade |l Grade Il

Ceortex

Papilla

Pyramid

Medulla

Fatty tissue

Calyx

Dialation of the Grade | + Grade |l +
renal pelvis Dilation of the calyces Flattening of pa

Explanation Why

In this patient, bilateral occlusion of the urinary system due to post-surgical adhesions increases
intraluminal ureteral pressure, which leads to increased hydrostatic pressure in the renal tubules and
Bowman capsule. Because the glomerular hydrostatic pressure is unable to overcome this increase in
the tubular hydrostatic pressure there is a reduction in the net glomerular filtration rate (GFR), as
manifested by this patient's elevated serum creatinine. Sustained elevation of intratubular pressure
can cause compression of surrounding renal blood vessels, which ultimately can lead to ischemic
tubular atrophy, thinning of the renal cortex and medulla, and irreversible loss of renal function.
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B - Osmotic pressure in the glomeruli

Explanation Why

Increased osmotic pressure in the glomerular capillaries would oppose the net flow of water across
the capillary walls, leading to a decrease in GFR. However, osmotic pressure in the glomeruli is
driven by osmotically-active solute concentration, which remains unchanged in hydronephrosis.
Therefore, this cannot be the primary mechanism of renal dysfunction in hydronephrosis.

C - Hydrostatic pressure in the efferent arteriole

Explanation Why

Hydrostatic pressure in the efferent arteriole is primarily driven by the muscle tone of the efferent
arterioles (which is predominantly regulated by RAAS). Vasoconstriction of the efferent arterioles
reduces the renal plasma flow but increases the glomerular filtration rate and filtration fraction by
increasing glomerular hydrostatic pressure. In this patient, however, elevated serum creatinine
concentration suggests renal dysfunction with a reduced glomerular filtration rate.

D - Osmotic pressure in the afferent arteriole

Explanation Why

An increase in osmotic pressure in the afferent arteriole would cause a decrease in the net flow of
water across the capillary walls into the afferent arteriole. Based on the Starling equation, an increase
in the osmotic pressure in the afferent arteriole would lead to a net decrease in GFR. However, this is
not the mechanism behind the decrease in GFR seen with hydronephrosis, in which the solute
concentration of the blood remains unchanged.
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E - Osmotic pressure in the tubules

Explanation Why

Osmotic pressure in the tubules is regulated by osmotically active solutes such as sodium and urea.
Increased osmotic drive towards the inside of tubules can be observed after the administration of
osmotically-active substances (e.g., mannitol). Hydronephrosis can lead to changes in the ability of
the tubules to secrete and absorb solutes, but this is not the primary mechanism for the renal
dysfunction seen with hydronephrosis.
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Question # 32

A 56-year-old man with hypertension comes to the physician for a follow-up examination. His blood
pressure is 165/92 mm Hg on the left arm and 162/90 mm Hg on the right arm. He reports that he is
adherent with his medication and exercise regimen. The physician adds a drug to his antihypertensive
medication regimen. This drug increases serum renin, angiotensin I, and angiotensin II levels, and
decreases serum aldosterone levels, without affecting bradykinin levels. Which of the following drugs
was most likely added to this patient's medication regimen?

Increased perfusion of

Answer Image
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Answer
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Hint

The drug that was most likely prescribed for this patient is used as an alternative to ACE inhibitors in
patients who cannot tolerate ACE inhibitors due to bradykinin-induced side effects such as a dry cough.
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Correct Answer
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Explanation Why

Candesartan, which is an angiotensin receptor blocker (ARB), would inhibit the downstream effects
of the angiotensin II receptor (AT receptor) such as vasoconstriction and aldosterone release. This

leads to lower levels of aldosterone and decreased reabsorption of Na* and water. To compensate for

decreased Na" and water reabsorption, the juxtaglomerular apparatus will release more renin, which
will subsequently increase the levels of both angiotensin [ and angiotensin II. Meanwhile, bradykinin
levels are not affected, as ARBs have no effect on ACE, which metabolizes bradykinin.
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B - Aliskiren
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Increased perfusion of juxtaglomerular apparatus
Explanation Why

Aliskiren, which is a direct renin inhibitor, has no effect on bradykinin levels because it does not
affect the activity of ACE. It would also cause a compensatory increase in renin secretion by the
juxtaglomerular cells. However, renin inhibition by aliskiren would decrease the conversion of
angiotensinogen to angiotensin I. Consequently, the levels of angiotensin I and angiotensin Il would
be decreased rather than increased. Aldosterone levels would be decreased due to decreased

angiotensin II levels.

C - Verapamil

Explanation Why

Verapamil is a calcium channel blocker that lowers blood pressure by various mechanisms, including
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vasodilation. Vasodilation would stimulate the renin-angiotensin system and increase serum levels of
renin, angiotensin I, angiotensin II, and aldosterone, without affecting bradykinin levels. The drug

that was administered to this patient decreases aldosterone levels.

D - Lisinopril

Image
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Explanation Why

Lisinopril, which is an ACE inhibitor, blocks the conversion of angiotensin I to angiotensin II. It
consequently causes a decrease in angiotensin II and aldosterone levels and a compensatory increase

in renin and angiotensin I levels increase. As bradykinin undergoes degradation by ACE, lisinopril

leads to increased bradykinin levels.
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E - Triamterene
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Increased perfusion of juxtaglomerular apparatus

Explanation Why

Triamterene is a potassium-sparing diuretic that works by inhibiting the sodium channel in the
cortical collecting tubule. It does not affect the activity of ACE and therefore has no effect on
bradykinin levels. However, natriuresis caused by triamterene would stimulate the renin-angiotensin-
aldosterone system. Consequently, the levels of renin, angiotensin I, angiotensin II, and aldosterone
would all be expected to increase rather than decrease.

F - Metoprolol

Explanation Why

Metoprolol, which is a B1 receptor antagonist, has no effect on bradykinin levels because it does not
affect the activity of ACE but it would block the sympathetic stimulation of B1 receptors on
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juxtaglomerular cells. Therefore, it would decrease rather than increase renin, angiotensin I, and
angiotensin Il levels. Aldosterone levels would be decreased due to decreased angiotensin II levels.
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Question # 33

A 32-year-old woman with type 1 diabetes mellitus is brought to the emergency department by her
husband because of a 2-day history of profound fatigue and generalized weakness. One week ago, she
increased her basal insulin dose because of inadequate control of her glucose concentrations. Neurologic
examination shows hyporeflexia. An ECG shows T-wave flattening and diffuse ST-segment depression.

Which of the following changes are most likely to occur in this patient's kidneys?

Answer

Image

A || Increased activity of HY/K" antiporter in a-intercalated cells

B || Decreased activity of epithelial Na' channels in principal cells

C || Decreased activity of Na /K'2CI cotransporter in the loop of Henle

D || Decreased activity of Na'/H" antiporter in the proximal convoluted tubule

E || Increased activity of luminal K" channels in principal cells
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Hint

The patient's fatigue, weakness, hyporeflexia, and ECG findings of T-wave flattening are characteristic
of hypokalemia. Insulin can cause hypokalemia by promoting transport of potassium from the
bloodstream into cells.
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Correct Answer

Explanation Why

Increased H/K" activity in the a-intercalated cells of the collecting tubule occurs in response to

hypokalemia. H' /K" ATPase uses the energy derived from ATP hydrolysis to excrete hydrogen ions
and reabsorb potassium ions. The kidney therefore enhances both collecting duct hydrogen ion
secretion and potassium ion absorption to counteract low serum potassium.

B - Decreased activity of epithelial Na' channels in principal cells

Explanation Why

Decreased activity of epithelial Na' channels (ENaC) in principal cells is expected in patients taking
potassium-sparing diuretics such as amiloride and triamterene. This patient, however, has
hypokalemia and no history of potassium-sparing diuretics use. Aldosterone increases the number
and activity of ENaC channels in the collecting duct. In patients with insulin-induced hypokalemia,
the activity of the renin-angiotensin-aldosterone system is increased (most often as a result of
concomitant hypovolemia). Consequently, there is an increase rather than a decrease in the activity of

the ENaC to increase reabsorption of Na' and H»0.

C - Decreased activity of Na*/K*2Cr cotransporter in the loop of Henle

Explanation Why

Decreased activity of the Na /K /2CI cotransport system of the loop of Henle is expected in patients
using loop diuretics. This process may lead to hypokalemia. However, this patient has no history of
diuretic use and the aforementioned decrease is unlikely to be seen in a patient with insulin-induced

hypokalemia.
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D - Decreased activity of Na*/H* antiporter in the proximal convoluted tubule

Explanation Why

The activity of the Na'/H" antiporter in the proximal convoluted tubule is upregulated by
angiotensin II. In patients with insulin-induced hypokalemia, the activity of renin and angiotensin II
is increased (most often as a result of concomitant hypovolemia). Consequently, there is an increase

rather than a decrease in the activity of the Na'/H" transporter on the luminal side of the proximal

convoluted tubule cell to increase reabsorption of Na+, H?0, and HCO3'.

E - Increased activity of luminal K" channels in principal cells

Explanation Why

Increased activity of luminal K channels in principal cells is observed in patients with
hyperkalemia. H'/K"~ ATPase on the basolateral side of the principal cell actively transports

potassium from the blood into the cell, whereas K channels on the luminal side of the principal cells
are responsible for secreting potassium into the urine. This is not an expected change in patients with
insulin-induced hypokalemia.
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Question # 34

A 52-year-old man comes to the physician for a routine health maintenance examination. He feels well.
His blood pressure is 125/70 mm Hg. His glomerular filtration rate is calculated to be

105 mL/min/1.73 m? and glucose clearance is calculated to be 103 mL/min. This patient is most likely

being treated with which of the following agents?

Answer

Image

A || Metformin

B || Canagliflozin

Fat cells

C Ifosfamide

D || Glipizide

E || Linagliptin

F Acarbose
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Hint

This patient's glucose clearance is approaching the glomerular filtration rate (GFR), suggesting that
almost none of the filtrated glucose is reabsorbed in the kidney.
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Correct Answer

A - Metformin

Explanation Why

Metformin is a biguanide, which reduces both insulin resistance and liver production of glucose, and
may thus indirectly decrease glucose clearance. It has no direct effect on renal glucose clearance and

is not associated with glycosuria. Instead, adverse effects include lactic acidosis, weight loss, and
gastrointestinal symptoms.
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Explanation But

The glycosuria caused by SGLT-2 inhibitors puts patients at risk of both polyuria (from the osmotic
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effect of glucose) and UTIs.
Explanation Why

Canagliflozin is an inhibitor of the sodium-glucose cotransporter 2 (SGLT-2). In healthy individuals,
glucose is reabsorbed by SGLT-2 in the proximal tubules and the glucose clearance is 0 mL/min. In a
diabetic patient with hyperglycemia, SGLT-2 becomes saturated and excess glucose is excreted in
urine so that the glucose clearance is > 0 mL/min but less than the GFR. If SGLT-2 is inhibited (as
with canagliflozin), none of the glucose is reabsorbed. Instead, glucose is freely filtered and neither
reabsorbed nor secreted, making it much like inulin, the substance used to estimate GFR. In this case,
glucose clearance would approach the value of the GFR.

C - Ifosfamide

Explanation Why

Ifosfamide is an alkylating agent used as chemotherapy for many solid tumors and leukemias. It has
a possible adverse effect of Fanconi syndrome, which causes impairment of proximal tubular
reabsorption. Although Fanconi syndrome may lead to some degree of glycosuria, it does not involve
complete inhibition of glucose reabsorption, meaning its glycosuria would not be as pronounced as
in this patient.

D - Glipizide

Explanation Why

Glipizide is a sulfonylurea, which is a category of drugs that block ATP-sensitive potassium channels
of pancreatic 3-cells and trigger insulin secretion. Sulfonylureas have no direct effect on renal
glucose clearance. Instead, they are associated with the adverse effect of hypoglycemia — not
glycosuria as in this patient.
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E - Linagliptin

Explanation Why

Linagliptin is a DPP-4 inhibitor, meaning it inhibits the enzyme that breaks down the incretin GLP-1.
It enhances the incretin effects of increased insulin secretion, decreased glucagon secretion, and
delayed gastric emptying. Linagliptin is contraindicated in renal failure because of its own renal
clearance, but it has no direct effect on renal glucose clearance.

F - Acarbose

Explanation Why

Acarbose is an a-glucosidase inhibitor, which reduces intestinal absorption of glucose from
carbohydrates. Although acarbose is renally cleared and thus contraindicated in severe renal failure,
it does not have a direct effect on the renal clearance of glucose. Instead, adverse effects include
diarrhea and increased risk of hepatitis — not glycosuria as in this patient.
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Question # 35

A 70-year-old woman is brought to the emergency department 1 hour after being found unconscious in
her apartment by her neighbor. No medical history is currently available. Her temperature is 37.2°C
(99.0°F), pulse is 120/min, respirations are 18/min, and blood pressure is 70/50 mm Hg. Laboratory

studies show a glomerular filtration rate of 70 mL/min/1.73 m? (N >90) and an increased filtration

fraction. Which of the following is the most likely cause of this patient's findings?

Answer

Image

A || Pyelonephritis

B || Nephrolithiasis

C Profuse diarrhea

D || Salicylate poisoning

E || Multiple myeloma
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Hint

Filtration fraction (FF) is the ratio between glomerular filtration rate (GFR) and renal plasma flow
(RPF): FF = GFR/RPF. An increased FF with a concurrently decreased GFR indicates an even greater
decrease in RPF. Therefore, this patient is likely suffering from a condition that has decreased her RPF.
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Correct Answer

A - Pyelonephritis

Explanation But

A decrease in renal blood flow and GFR can occur as a complication of severe urosepsis following
pyelonephritis.

Explanation Why

Pyelonephritis can cause an acute decrease in the glomerular filtration rate due to urinary tract
obstruction following papillary necrosis. However, renal plasma flow is usually not affected by
pyelonephritis. Therefore, the filtration fraction would be expected to decrease, not increase.
Moreover, this patient is afebrile, which makes infection unlikely.

B - Nephrolithiasis

Explanation Why

Obstructive uropathy due to nephrolithiasis would increase the hydrostatic pressure in Bowman's
capsule and thereby decrease the glomerular filtration. However, there would be no decrease in renal
plasma flow. The filtration fraction would, therefore, be decreased, not increased

Explanation Why

Profuse diarrhea can quickly lead to severe dehydration and hypovolemia, which would present with
hypotension, tachycardia, and possibly, loss of consciousness. Hypovolemia leads to decreased renal
plasma flow (RPF), and subsequently, a reduction in glomerular filtration rate. However,
hypovolemia also stimulates the renin-angiotensin-aldosterone system, which attempts to mitigate
the decrease in GFR by constricting the efferent arteriole. Therefore, in hypovolemic patients, the
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percentage reduction in GFR is less than the percentage reduction in RPF. The net effect is an
increase in the filtration fraction.

D - Salicylate poisoning

Image
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Explanation Why

Salicylates (e.g., aspirin) are a type of nonsteroidal anti-inflammatory drugs, which constrict the
afferent arteriole, resulting in decreased renal plasma flow and glomerular filtration rate. However,

filtration fraction typically remains unchanged. Moreover, this patient lacks other classical symptoms
of salicylate toxicity such as tachypnea and fever.
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E - Multiple myeloma

Explanation Why

Multiple myeloma causes a pathologic increase in plasma protein concentration. These proteins
increase the oncotic pressure of the serum and decrease the net filtration pressure in the glomerulus.
The final result is a reduction in glomerular filtration rate and filtration fraction.
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Question # 36

An investigator is studying physiologic renal responses to common medical conditions. She measures
urine osmolalities in different parts of the nephron of a human subject in the emergency department. The
following values are obtained:

Portion of nephron Osmolality (mOsmol/kg)

Proximal convoluted tubule 300

Loop of Henle, descending limb || 1200

Loop of Henle, ascending limb 250

Distal convoluted tubule 100

Collecting duct 1200

These values were most likely obtained from an individual with which of the following condition?

Answer Image

A || Gitelman syndrome

B || Dehydration

C || Psychogenic polydipsia
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Answer
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Hint

This patient's urine is hypertonic in the collecting duct, suggesting that the collecting duct is

concentrating the urine by reabsorbing a disproportionately high volume of water due to an increase in
ADH secretion.
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Correct Answer

A - Gitelman syndrome

Explanation Why

In Gitelman syndrome, patients have impaired Na+/Cl- cotransporter in the distal convoluted tubule
(DCT), resulting in decreased NaCl reabsorption and natriuresis. Because of the increased NaCl
concentration in the nephron, the DCT should have concentrated ultrafiltrate. However, this patient
has hypotonic urine in the DCT (100 mOsmol/kg).

Explanation Why

Volume depletion in dehydration leads to activation of the RAAS system and increased ADH
secretion. The RAAS system increases sodium and subsequent water reabsorption, thereby
concentrating the urine. ADH secretion further increases water reabsorption and results in urine that
is very concentrated, which is consistent with this patient's high urine osmolality (1200 mOsmol/kg)

in the collecting duct.

C - Psychogenic polydipsia

Explanation Why

In psychogenic polydipsia, patients have increased thirst leading to increased fluid intake. This
increased intake results in dilute urine with low urine osmolality in the collecting duct (typically <
250 mOsmol/kg), which is inconsistent with this patient's concentrated urine (collecting duct
osmolality of 1200 mOsmol/kg).
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D - Furosemide overdose

Image
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Explanation Why

As a loop diuretic, furosemide inhibits the Na+/K+/2Cl- cotransporter in the ascending loop of
Henle, which decreases salt concentration in the medulla and equalizes the gradient between the
medulla and the cortex. Elimination of this gradient leads to decreased water reabsorption and
ultimately causes dilute urine. This patient, however, has concentrated urine (collecting duct

osmolality of 1200 mOsmol/kg).
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E - Diabetes insipidus

Image
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Explanation Why

In diabetes insipidus, the kidneys are unable to concentrate urine, thereby resulting in dilute urine
with low urine osmolality. This patient has high urine osmolality in the collecting duct, which is

indicative of very concentrated urine.
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Question # 37

A researcher is studying the effects of a new antihypertensive medication on urine osmolality. She first
measures urine osmolality in different parts of the nephron of a healthy human control. The findings are

shown below:

Portion of nephron

Urine osmolality (mOsmol/kg)

Proximal convoluted tubule 300
Loop of Henle, descending limb || 1200
Loop of Henle, ascending limb 200
Distal convoluted tubule 100
Collecting duct 600

Which of the following is the most likely explanation for the urine osmolality in the ascending limb of

the loop of Henle?

Answer

Image

A || Increased transcription of water channels

B || Impermeability to sodium

C Increased urea excretion

D || Increased bicarbonate reabsorption
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Answer

Image

Impermeability to water
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Hint

The decreased urine osmolality in the ascending limb relative to the descending limb of the loop of
Henle suggests that urine is less concentrated in the ascending limb.
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Correct Answer

A - Increased transcription of water channels

Explanation Why

Increased transcription of water channels, or aquaporins, results from elevated ADH secretion
(physiologically secondary to volume depletion). Aquaporins, however, act at the collecting duct and
not at the loop of Henle, meaning changes to them would not explain the differences between urine
osmolality in the ascending and descending limbs.

B - Impermeability to sodium

Explanation Why

The ascending limb of the loop of Henle is permeable to sodium, which permits solutes to move
down the concentration gradient and causes the urine to become more dilute in the ascending limb.
Someone with impermeability to sodium in the ascending limb of the loop of Henle would have a
similar osmolality in the ascending limb as in the descending limb, which is not the case in this
healthy human control.

C - Increased urea excretion

Explanation Why

Urea reabsorption and secretion occur by passive diffusion. The thin loop of Henle is permeable to
urea and because of certain concentration gradients, urea is usually secreted into the loop of Henle.
However, because there is only passive and no active transport of urea, it is unlikely that increased
urea secretion alone can explain the much lower urine osmolality seen in the ascending limb relative
to the descending limb of the loop of Henle in this healthy human control.
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D - Increased bicarbonate reabsorption

Explanation Why

Bicarbonate reabsorption occurs in the proximal convoluted tubule (PCT) through diffusion of
carbon dioxide gas, which is formed when bicarbonate combines with hydrogen ions in the urine of
the PCT. Bicarbonate reabsorption does not occur in the loop of Henle and would not explain the
urine osmolality in the ascending limb of the loop of Henle.

Explanation Why

The ascending limb of the loop of Henle is impermeable to water but is permeable to solutes, which
leads to decreased urine osmolality relative to the descending limb. Before entering the ascending
limb, urine first travels through the descending limb of the loop of Henle. The descending loop is
passively permeable to solutes and water, which causes urine to become more concentrated as it
moves down the descending limb due to medullary hypertonicity. This hypertonic urine then moves
on to the thin ascending loop of Henle, which is permeable to solutes but not permeable to water.
Solutes move down the concentration gradient and are passively reabsorbed; as the urine moves on
to the thick ascending limb, which remains impermeable to water, there is active reabsorption of
solutes. As a result, the urine becomes more dilute, causing low urine osmolality in the ascending
loop of Henle as seen in this healthy control.

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Question # 38

A 47-year-old man comes to the physician for a routine health maintenance examination. He states that
he has felt fatigued and dizzy on several occasions over the past week. He has had intermittent back pain

for the past several months for which he takes ibuprofen. Digital rectal examination shows no

abnormalities. Laboratory studies show a hemoglobin concentration of 15 g/dL, a serum urea nitrogen
concentration of 22 mg/dL, a serum creatinine concentration of 1.4 mg/dL, and a serum calcium
concentration of 8.4 mg/dL. His prostate-specific antigen (PSA) level is 0.3 ng/mL (N <4.5). An
intravenous infusion of para-aminohippurate (PAH) is administered and its clearance is calculated. The
patient's effective renal plasma flow is estimated to be 660 mL/min (N = 500-1350). The filtration
fraction is calculated to be 9% (N = 17-23). Which of the following conditions would best explain this

patient's laboratory abnormalities?

Answer

Image

A || Bacteremia

B || Hypovolemia

C || Kidney stones

D Prostate cancer

E NSAID adverse effect
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Answer

Image

Multiple myeloma
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Hint

The filtration fraction is decreased but the renal plasma flow is normal. This indicates that the
glomerular filtration rate is decreased.
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Correct Answer

A - Bacteremia

Explanation Why

Bacteremic patients may develop hypotension and disseminated intravascular coagulation (DIC),
both of which can reduce renal plasma flow, causing a reduction in glomerular filtration rate (GFR)

and, therefore, an increased filtration fraction (FF). This patient, however, has reduced GFR with a
decreased FF. Moreover, bacteremic patients are typically very ill with significant systemic signs and
symptoms of infection. This ambulatory patient is very unlikely to be bacteremic.

B - Hypovolemia

Explanation Why

Hypovolemia can manifest as dizziness and fatigue and cause prerenal kidney injury, which would
explain the elevated serum creatinine and decreased glomerular filtration rate in this patient.
However, hypovolemia would also reduce renal plasma flow (RPF) and result in a BUN:creatinine
ratio > 20, whereas this patient presents with normal RPF and a BUN:creatinine ratio of 15.7.

Explanation Why

Kidney stones can cause obstruction within the kidneys or the ureters leading to urine reflux and
glomerular scarring (obstructive nephropathy). As a result, the glomerular filtration rate is decreased
(increased serum creatinine) whereas renal plasma flow is unchanged (the afferent and efferent
arterioles are not involved in this process). Consequently, the filtration fraction is reduced. Also, the
patient's intermittent back pain is suspicious for nephrolithiasis.
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D - Prostate cancer

Explanation Why

Late-stage prostate cancer can cause obstructive uropathy, which would result in increased
creatinine, decreased filtration fraction, and normal renal plasma flow as seen here, as well as back
pain due to vertebral metastases. However, this patient is unlikely to be suffering from prostate
cancer given his age (< 50), unremarkable digital rectal examination, and normal prostate-specific

antigen.

E - NSAID adverse effect
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Explanation Why

Ibuprofen and other nonsteroidal anti-inflammatory drugs (NSAIDs) constrict the afferent arteriole
by inhibiting prostaglandin synthesis. This leads to reduced renal plasma flow and glomerular
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filtration rate but typically leaves filtration fraction unchanged. Although the patient has recently
been taking ibuprofen, his laboratory values are not consistent with NSAID-induced renal changes.

F - Multiple myeloma

Explanation Why

Multiple myeloma is a malignant plasma cell dyscrasia causing increased serum protein
concentrations. These proteins increase the oncotic pressure in glomerular capillaries, decreasing the
glomerular filtration rate. As renal plasma flow remains unchanged, the filtration fraction is
decreased. Although the patient's laboratory values and symptoms (back pain and fatigue) could also
be present in multiple myeloma, the absence of anemia and hypercalcemia (CRAB criteria) strongly
suggests another diagnosis.
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Question # 39

An investigator studying renal physiology uses para-aminohippuric acid (PAH) to estimate the renal
plasma flow in a human volunteer. An intravenous infusion of 400 mg of PAH solution is administered
to the subject; effective renal plasma flow is calculated to be 600 ml/min. Next, an intravenous infusion
of 1000 mg of PAH solution is administered to the subject; effective renal plasma flow is calculated to
be 400 mL/min. Which of the following explains the measured decline in the calculated effective renal

plasma flow?

Answer

Image

A || Decreased serum protein binding

B || Increased plasma oncotic pressure

C Efferent arteriole dilation

D || Afferent arteriole dilation

E Decreased PAH clearance

Clearance
(mL/min)

600

200

100

Plasma concentration (mg/dL)
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Hint

Para-aminohippuric acid (PAH) is both filtered and secreted in the kidneys.
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Correct Answer

A - Decreased serum protein binding

Explanation Why

Serum protein binding can reduce the excretion of a substrate. As PAH does not bind to serum
proteins, this is not a relevant factor in this case and would not explain the decrease in effective renal
plasma flow calculated here.

B - Increased plasma oncotic pressure

Explanation Why

Plasma oncotic pressure is dependent on plasma protein (e.g., albumin) concentration. Increased
oncotic pressure does not affect the renal plasma flow and is therefore unlikely to be the mechanism
behind the decrease in effective renal plasma flow calculated here. It would, however, cause a
decrease in GFR, resulting in a decrease in filtration fraction (FF=GFR/RPF).

C - Efferent arteriole dilation

Explanation Why

Efferent arteriolar dilation is a mechanism by which the kidney can regulate renal plasma flow and
filtration fraction. Dilation of the efferent arterioles would result in increased renal plasma flow and
is the mechanism behind ACE inhibitors (inhibition of angiotensin II — blocks efferent arteriole
constriction). This mechanism would not explain the decrease in effective renal plasma flow
calculated here.
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D - Afferent arteriole dilation

Explanation Why

Dilation of the afferent arterioles (e.g., due to prostaglandins) would lead to an increase in renal
plasma flow and increase in GFR. However, this mechanism would not explain the decrease in
effective renal plasma flow calculated here.

Image

Clearance
(mL/min)

200 - e

e —
Creatinine

100 (— Inulin

Plasma concentration (mg/dL)

Explanation But

Effective renal plasma flow can be estimated from the clearance of PAH using this formula: eRPF =
(urine concentration of PAH) x (urine flow rate/plasma concentration of PAH) = clearance of PAH
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Explanation Why

Clearance of para-aminohippuric acid depends both on filtration in Bowman's capsule and secretion
into the proximal tubule by organic anion transporters on the basolateral membrane. If PAH plasma
concentrations exceed the transport capacity of the organic anion transporters, not all plasma will be
cleared of PAH. This results in decreased PAH clearance and underestimation of the renal plasma
flow.
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Question # 40

A 64-year-old man comes to the physician because of fatigue and decreased urinary frequency for

6 months. His pulse is 86/min and blood pressure is 150/90 mm Hg. Examination shows 1+ edema on
bilateral ankles. His serum creatinine is 2 mg/dL and blood urea nitrogen is 28 mg/dL. Urinalysis shows
proteinuria. A photomicrograph of a biopsy specimen from the patient's kidney is shown. Which of the
following is the most likely explanation for the patient’s biopsy findings?

Answer Image

A || HIV infection
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Answer

Amyloidosis

Chronic hyperglycemia

Recurrent kidney infections

Long-standing hypertension

Systemic lupus erythematosus
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Hint

This patient presents with signs and symptoms of nephrotic syndrome (peripheral edema, proteinuria)
and renal insufficiency (fatigue, decreased urinary frequency, hypertension, elevated creatinine and
BUN). His renal biopsy shows glomerular basement membrane thickening and eosinophilic hyaline
deposits within the glomeruli. These findings are characteristic of nodular glomerulosclerosis.
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Correct Answer

A - HIV infection
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Explanation Why

HIV infection is associated with the development of focal segmental glomerulosclerosis (FSGS), a
common cause of nephrotic syndrome and renal insufficiency. Typical findings of FSGS include
glomerulosclerosis and hyalinosis, which is found in this patient's renal biopsy. However, FSGS is
characterized by segmental areas of sclerosis in some glomeruli, but not all. Moreover, Kimmelstiel-
Wilson nodules are not seen in FSGS.
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B - Amyloidosis

Explanation Why

Renal amyloidosis can cause nephrotic syndrome and renal insufficiency. Amyloid deposits resemble
the pink hyaline material seen in this photomicrograph, but amyloidosis does not cause nodular
glomerulosclerosis with Kimmelstiel-Wilson nodules. Instead, a biopsy specimen stained with congo
red will show mesangial and interstitial deposition of B-sheet fibrils (i.e., amyloid) that display apple-
green birefringence when visualized under polarized light.

Explanation But

First-line antihypertensive treatment in patients with diabetic nephropathy consists of ACE inhibitors
or angiotensin-receptor blockers. Both have been shown to slow the progression of diabetic
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nephropathy and decrease protein excretion.
Explanation Why

This patient's signs and symptoms of nephrotic syndrome and chronic kidney disease in combination
with nodular glomerulosclerosis on biopsy are consistent with advanced diabetic nephropathy. In
patients with insufficiently controlled diabetes mellitus, chronic hyperglycemia results in non-
enzymatic glycosylation of tissue proteins. This leads to an expansion of the mesangium and
subsequent formation of characteristic Kimmelstiel-Wilson nodules in the glomerular tuft. In
addition, hyperfiltration (due to increased blood pressure in the glomerulus and increased glomerular
filtration rate) causes glomerular hypertrophy and scarring (i.e., glomerulosclerosis).

D - Recurrent kidney infections

Image

Explanation Why

Recurrent kidney infections may result in chronic pyelonephritis and eventually, chronic kidney
disease, which this patient shows signs and symptoms of. However, he reports no prior episodes of
flank pain or dysuria suggestive of pyelonephritis. Renal biopsy typically shows fibrosis of the renal
interstitium, asymmetric scarring of the renal cortex and medulla, and acellular, eosinophilic casts
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(Tamm-Horsfall protein) within the renal tubules (tubular thyroidization). Chronic pyelonephritis
does not cause nodular glomerulosclerosis with Kimmelstiel-Wilson nodules.

E - Long-standing hypertension

Explanation Why

Long-standing hypertension can lead to hypertensive nephrosclerosis, which may manifest with
nephrotic syndrome and renal insufficiency. Chronic hypertension leads to intimal thickening and
hyaline deposition into the glomerular arteriolar walls, resulting in progressive vascular narrowing
(arteriolosclerosis), subsequent glomerular and tubular ischemia, and ultimately tubular atrophy and
glomerulosclerosis. However, hypertensive nephrosclerosis causes global or focal segmental
glomerulosclerosis, not nodular glomerulosclerosis with Kimmelstiel-Wilson nodules.

F - Systemic lupus erythematosus

Image
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Explanation Why

Renal manifestations of systemic lupus erythematosus include diffuse proliferative
glomerulonephritis (DPGN) and membranous nephropathy, both of which can manifest with
nephrotic syndrome and renal insufficiency, as seen in this patient. However, neither is consistent
with nodular glomerulosclerosis on biopsy. Instead, a photomicrograph of lupus nephritis typically
shows “wire looping” of capillaries in DPGN and diffuse capillary and glomerular basement
membrane thickening in membranous nephropathy.
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Question # 1

A 75-year-old man comes to the physician because of abdominal pain and nausea over the past 2 weeks
and a 1-month history of pain in his knees and hips. He has smoked one pack of cigarettes daily for

30 years. Physical examination shows decreased muscle strength. Laboratory studies show:

Hemoglobin 11.0 mg/dL
Serum
Creatinine 1.5 mg/dL
Calcium 12.2 mg/dL
Parathyroid hormone 5 pg/mL
Parathyroid hormone-related peptide || elevated
Urine
Blood 2+

Ultrasonography of his abdomen shows a 6-cm mass in his right kidney. Nephrectomy is performed. A
photograph of the resected specimen is shown. The patient's tumor most likely originated from which of

the following locations?
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Image

Answer

Distal convoluted

tubules

convoluted tubules

Proximal

A

B

C || Glomerulus
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Answer

Image

Renal pelvis

Collecting tubules
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Hint

This patient's history, ultrasound results, and surgical specimen indicate renal cell carcinoma (RCC). The
structure from which RCC most likely originated from is also affected by Fanconi syndrome.
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Correct Answer

A - Distal convoluted tubules

Explanation Why

This patient has renal cell carcinoma, which does not arise from the distal convoluted tubules.

Explanation But

RCC can produce PTH-related peptide (PTHrP), which mimics the effects of PTH and causes
hypercalcemia. The symptoms of hypercalcemia include abdominal pain and decreased muscle
strength. High calcium levels also suppress PTH production from the parathyroid glands. Other
hormones that can be produced by RCC include ACTH, erythropoietin, and renin.

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Explanation Why

The epithelial cells of the proximal convoluted tubules are the most common site for the origin of
renal cell carcinoma (RCC), which often presents with anemia, hematuria, and elevated creatinine.
The tumor is typically well-circumscribed and has a golden-yellow color due to its high lipid content.
Clear cell carcinoma is the most common type of RCC. In clear cell carcinoma, the cells appear clear
on microscopy because the lipid and glycogen content is removed during the formalin-based fixation
process.

C - Glomerulus

Explanation Why

This patient has renal cell carcinoma, which does not arise from the glomerulus.
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D - Renal pelvis

Image

Explanation Why

Transitional cell carcinoma (TCC) can occasionally arise from the renal pelvis and cause hematuria
as well as features of urinary tract obstruction (e.g., abdominal pain, increased creatinine). However,
TCC would appear as an infiltrative polypoid mass that fills up the pelvicalyceal system. The
nephrectomy specimen from this patient shows a well-circumscribed tumor that arises primarily in
the renal parenchyma. Moreover, TCC is not associated with paraneoplastic hormone production, as
seen here.

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

E - Collecting tubules

Image

Explanation Why

Renal oncocytomas and chromophobic renal cell carcinomas (RCC) arise from the cells of the
collecting tubules and present similarly with abdominal pain and hematuria. In addition, both of
these tumors would be well-circumscribed and localized to the renal parenchyma, as seen in this
image below. However, an oncocytoma typically has a central scar, which is not present in the
photograph of the resected specimen (above), and it would not be associated with paraneoplastic
hormone production. This patient has RCC, however, the chromophobic form of RCC is rare and
most RCCs arise from a different structure.
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Question # 2

A 42-year-old woman comes to the physician because of urinary leakage over the last year. She reports
involuntarily losing small amounts of urine after experiencing a sudden need to void. She has difficulty
making it to the bathroom in time, and only feels comfortable going out into public if she has
documented the location of all nearby restrooms. She also has begun to wake up at night to urinate.
These symptoms have persisted despite 6 months of bladder training and weight loss and reducing soda
and coffee intake. Physical examination shows no abnormalities. The most appropriate pharmacotherapy
for this patient is a drug that has which of the following mechanisms of action?

Answer Image

A || Antagonism of muscarinic M3 receptors

B || Antagonism of alpha-1 adrenergic receptors

C || Antagonism of beta-3 adrenergic receptors

D || Agonism of beta-2 adrenergic receptors

E || Agonism of muscarinic M3 receptors

F || Antagonism of nicotinic receptors
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Hint

This patient most likely has urge incontinence, as evidenced by her sudden urge to urinate resulting in
frequent involuntary loss of small amounts of urine and nocturia. Because she has failed conservative
treatment, she qualifies for pharmacologic treatment. Oxybutynin would be an appropriate first-line
medication.
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Correct Answer

Explanation But

Because muscarinic M3 receptors are located in various glands and in smooth muscles,
anticholinergic agents have several systemic side effects, including pupillary dilation, dry mouth,
constipation, tachycardia, and impaired cognition. They should be used with caution in patients
predisposed to delirium (e.g. elderly patients).

Explanation Why

Anticholinergic agents such as oxybutynin antagonize parasympathetic muscarinic M3 receptors
found in the bladder. Muscarinic M3 receptor stimulation is responsible for bladder contraction; thus,
inhibition leads to improvement of symptoms in patients with urge incontinence. Pharmacotherapy
should be reserved as an additional therapeutic option for patients in which behavioral therapy and
lifestyle modifications alone were insufficient.

B - Antagonism of alpha-1 adrenergic receptors

Explanation Why

Alpha-1 antagonists such as tamsulosin are commonly prescribed to treat benign prostatic
hyperplasia, a condition which may cause overflow incontinence secondary to urinary retention.
Antagonism of this receptor causes relaxation of the bladder neck muscles. In patients with urge
incontinence (detrusor overactivity), relaxation of the bladder neck muscles would likely worsen
symptoms as there would be no resistance to counteract bladder contraction.
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C - Antagonism of beta-3 adrenergic receptors

Explanation But

Mirabegron, a beta-3 agonist, is a relatively new medication that can be used to treat urge
incontinence in patients who do not tolerate or have contraindications to antimuscarinic therapy. This
patient has not trialed the first-line agent yet, so mirabegron would not be appropriate at this time.

Explanation Why

Stimulation of beta-3-adrenergic receptors found on smooth muscle cells of the urinary bladder
promotes detrusor muscle relaxation, thereby delaying the need for micturition. Antagonism of these
receptors would cause increased detrusor contraction and would worsen symptoms in patients with
urge incontinence.

D - Agonism of beta-2 adrenergic receptors

Explanation Why

While beta-2 agonism would cause detrusor muscle relaxation of the bladder, it is not commonly
used to treat urge incontinence. Beta-2 adrenergic agonists (e.g., albuterol or salmeterol) are used to
manage asthma and COPD, as they are very potent bronchodilators.

E - Agonism of muscarinic M2 receptors

Explanation Why

Agonism of muscarinic M2 receptors causes bladder contraction. Drugs such as bethanechol
stimulate expulsion of urine and are commonly used for patients with overflow urinary incontinence.
Unlike urge incontinence, overflow incontinence usually causes continuous dribbling and is not
typically associated with a sudden urge to void.
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F - Antagonism of nicotinic receptors

Explanation Why

Nicotinic receptor antagonists such as rocuronium are primarily used as muscle relaxants
intraoperatively. Nicotinic acetylcholine receptors are found in presynaptic neurons of the autonomic
ganglia, and postsynaptic neurons of the neuromuscular junction of skeletal muscles. Bladder
contraction is regulated by smooth muscle, not skeletal muscle; so drugs affecting the nicotinic
receptor pathway would not be effective at improving symptoms of urge incontinence.
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Question # 3

An 82-year-old woman with dementia who resides in a nursing care facility is brought to the emergency
department 1 hour after she was found to have ingested 20 pills of a drug that inhibits

Na'-CI cotransporters in the distal convoluted tubule. Her blood pressure is 94/58 mm Hg. Physical
examination shows dry mucous membranes. Serum studies are most likely to show which of the
following sets of findings?

pH Potassium || Calcium Sodium
Increased decreased decreased || decreased
Increased decreased increased decreased
Decreased || increased decreased || decreased
Decreased || decreased normal decreased
Decreased || increased normal decreased
Answer Image
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Answer

Image
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Hint

Inhibition of Na™-CI” cotransporters in the early distal convoluted tubule is the mechanism of action of
thiazide diuretics, which are used to treat hypertension, a common comorbidity in elderly patients.
Patients with thiazide overdose present with polyuria, dehydration, hypotension, and potentially seizures
and coma if high doses were ingested.

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Correct Answer

A-A

Explanation Why

Therapy with loop diuretics (e.g., furosemide), which inhibit Na -K"-2CI" cotransporters in the thick
ascending loop of Henle, can lead to hyponatremia and hypokalemia due to increased urinary loss of

Na" and K. In addition, the elevated luminal Na™ concentration in the late DCT and early collecting
duct increases Na" reabsorption in exchange for H" excretion (i.e., increased serum pH) and further
K" excretion. Hypocalcemia can also occur because Ca** reabsorption through paracellular spaces in
the loop of Henle is also decreased due to loss of the electrochemical gradient created by Na' and

CI'. Thiazide diuretics, which this woman is likely to have ingested, result in a different set of
electrolyte findings.
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Explanation Why

Inhibition of Na*-CI cotransporters in the early DCT can cause hyponatremia due to increased Na©

excretion. Inhibition of Na™ reabsorption by the early DCT also increases Na© delivery to the late
DCT and early collecting tubule, which can cause hypokalemia and metabolic alkalosis due to

increased K and H' secretion in exchange for luminal Na" reabsorption. Hyponatremia and
hypotension caused by diuretic overdose can also exacerbate this process through RAAS activation
and aldosterone secretion. Thiazides also cause hypercalcemia. While the exact mechanism is

unknown, it may be due in part to increased Ca” reabsorption at the proximal tubule as a result of
increased extracellular fluid reabsorption in this segment. In addition, although thiazides inhibit

reabsorption of Na' in the early DCT, they appear to increase reabsorption of Ca’". The other side
effects of thiazide diuretics include hyperglycemia, hyperlipidemia, and hyperuricemia.
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C-C

Explanation Why

If an osmotic diuretic (e.g., mannitol) is administered in high doses or to individuals with pre-
existing renal failure, it remains in circulation and increases plasma osmolality. Subsequently, water
is released from cells in an attempt to correct plasma osmolality, resulting in dilutional
hyponatremia, hypocalcemia, and metabolic acidosis. This shift of water into the extracellular

compartment also causes an increase in the intracellular K" concentration. Subsequently, K" also
moves into the extracellular compartment, causing hyperkalemia. However, osmotic diuretics act by

increasing tubular fluid osmolarity; they do not inhibit Na ' -CI cotransporters in the distal
convoluted tubule. Thiazide diuretics, which this woman is likely to have ingested, result in a
different set of electrolyte findings.

D-D

Explanation Why

Carbonic anhydrase inhibitors (e.g., acetazolamide) inhibit HCO3" reabsorption in the PCT, which
can lead to decreased serum pH and hyponatremia due to renal sodium bicarbonate excretion. In

addition, the elevated luminal Na' concentration in the late DCT and early collecting duct increases

Na' reabsorption in exchange for K" excretion, causing hypokalemia. Thiazide diuretics, which this
woman is likely to have ingested, result in a different set of electrolyte findings.

Explanation Why

Potassium-sparing diuretics (e.g., amiloride, spironolactone), which inhibit aldosterone receptors or

epithelial Na' channels in the late DCT and early collecting duct, can cause hyponatremia by
inhibiting Na' reabsorption. Inhibition of epithelial Na' channels or aldosterone receptors in the late
DCT and early collecting duct also decreases the concentration gradient responsible for K" and H"
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secretion, causing serum K" and H' concentrations to increase and pH to decrease. Potassium-
sparing diuretics have no direct effect on calcium. Thiazide diuretics, which this woman is likely to
have ingested, result in a different set of electrolyte findings.
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Question # 4

An 8-year-old boy is brought to the physician for evaluation of an excessive bleeding after undergoing a

dental procedure. Laboratory studies show a platelet count of 195,000/mm3, a partial thromboplastin

time of 44 sec, and a prothrombin time of 12 sec. A one-stage clotting assay shows a decreased

factor VIII. Therapy with a drug that acts on endothelial cells is initiated. This drug is most likely to

result in which of the following?

Answer

Image

A || Decreased cAMP in renal tubular cells

B || Increased tubular fluid osmolarity in the loop of Henle

C || Decreased binding of angiotensin II to AT1 receptor

D || Increased permeability to urea in the collecting duct

E || Increased bleeding time
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Hint

This boy's excessive bleeding after a dental procedure and an increased aPTT raise suspicion for
hemophilia A, which is very likely considering his deficient factor VIII levels. Desmopressin, a
synthetic analog of vasopressin, is the medical treatment of choice for mild hemophilia.
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Correct Answer

A - Decreased cAMP in renal tubular cells

Explanation Why

Decreased cAMP in renal tubular cells would be observed in patients who were given vasopressin
(receptor) antagonists, e.g., conivaptan. Desmopressin, however, increases cAMP via interaction
with V2-receptors and subsequent activation of adenylyl cyclase. The effects of high cAMP
concentrations include the integration of aquaporins into the plasma membrane of collecting duct
cells and an increase in water reabsorption.

B - Increased tubular fluid osmolarity in the loop of Henle

Explanation Why

Increased tubular fluid osmolarity in the loop of Henle would be seen in patients who have received
mannitol, which is freely filtered by the kidneys without undergoing reabsorption and thereby creates
a strong osmotic gradient with subsequent diuresis. Mannitol is commonly used in patients with
elevated intracranial pressure or acute prerenal failure. In contrast, the concentrating effect of
desmopressin occurs only in the collecting ducts, thus leaving the osmolarity in the loop of Henle.

C - Decreased binding of angiotensin II to AT1 receptor

Explanation Why

Decreased binding of angiotensin II to AT1 receptors would be observed in a patient taking
angiotensin receptor blockers, not desmopressin. ARBs would be of no use in this patient, as they
promote diuresis through vasodilation and natriuresis and have no role in the treatment of

hemophilia.
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Explanation Why

Increased permeability to urea in the collecting duct is found in patients who are treated with
vasopressin analogs. This group of drugs binds to V2-receptors, triggering a cascade of intracellular
reactions that ultimately result in increased numbers of UT-A1 proteins in the apical plasma
membrane. UT-A1 facilitates urea reabsorption in the inner medullary collecting duct.

E - Increased bleeding time

Explanation Why

Increased bleeding time would not be seen in this patient who is receiving desmopressin, which
shortens aPTT and bleeding time. These blood parameter changes are mediated by a release of factor
VIII and vWF through cAMP-mediated cell-signaling.
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Question # 5

A 6-year-old girl is brought to the physician because of generalized fatigue and dark urine for 4 days.
Four weeks ago, she was treated with cephalexin for a skin infection. Her temperature is 37°C (98.6°F)
and blood pressure is 132/89 mm Hg. Physical examination shows 1+ pretibial edema bilaterally. Her

serum creatinine is 1.7 mg/dL. Urine studies show:

Blood 2+
Protein 2+
RBC 12—14/hpf with dysmorphic features

RBC casts || numerous

Which of the following is the most likely cause of these findings?

Answer

Image

A || Granular subepithelial immune complex deposition

B || Systemic amyloid protein aggregation

C || Defective circulating IgA antibodies

D || Anti-type IV collagen antibody formation

E || DNA-anti-DNA antibody immune complex formation
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Hint

The presence of dark urine, hypertension, edema, and microscopic hematuria with dysmorphic RBCs is
indicative of nephritic syndrome. Given the history of recent skin infection, she most likely has post-
streptococcal glomerulonephritis due to recent group A streptococcal infection.
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Correct Answer

Explanation Why

Poststreptococcal glomerulonephritis is a type III hypersensitivity reaction caused by the deposition
of IgG immune complexes within the glomerular basement membrane, which leads to the activation
and deposition of complement (mainly C3) and subsequent decrease in serum C3 due to
consumption. This immune response results in damage to the glomeruli and manifests with nephritic
syndrome, as seen in this patient. This condition is most commonly seen in children 1-2 weeks after
streptococcal pharyngitis or 3—4 weeks after streptococcal skin infection. Recovery of kidney
function in children usually occurs spontaneously within 6—8 weeks. On light microscopy, PSGN
manifests with enlarged and hypercellular glomeruli; on electron microscopy, it manifests with
characteristic subepithelial immune complex humps.

B - Systemic amyloid protein aggregation

Explanation Why

Reactive amyloidosis (AA-amyloidosis) is caused by the deposition of insoluble amyloid proteins in
various organs, including the kidneys. Patients with renal involvement typically manifest with
nephrotic syndrome, not with the nephritic syndrome seen here. Nephrotic syndrome is characterized
by massive renal loss of protein (> 3.5 g/day) resulting in edema, hypoalbuminemia, hyperlipidemia,
hypercoagulability (antithrombin IIT deficiency), and an increased risk of infection (loss of
immunoglobulins). Reactive amyloidosis most commonly occurs secondary to chronic inflammatory
conditions (e.g., IBD, SLE, vasculitis) or chronic infections (e.g., tuberculosis, bronchiectasis), none
of which are evident in this patient's history.

C - Defective circulating IgA antibodies

Explanation Why

IgA nephropathy is thought to be caused by an increased number of defective circulating IgA
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antibodies. While patients with IgA nephropathy can present with nephritic syndrome following an
infection, symptoms usually begin within 2—5 days after the infection, not after 3 weeks. In addition,

IgA nephropathy is more commonly seen in the 2" or 3™ decade of life and is most closely
associated with mucosal infections (i.e., upper respiratory tract or gastrointestinal infections), rather
than the skin infection seen in this patient.

D - Anti-type IV collagen antibody formation

Explanation Why

Goodpasture syndrome is caused by autoantibodies against type IV collagen in the renal and
pulmonary capillary basement membrane. While Goodpasture syndrome may manifest with nephritic
syndrome and can be triggered by infections, it typically has both renal and pulmonary
manifestations such as hemoptysis, cough, or dyspnea, which are not seen in this patient.
Furthermore, it does not typically follow streptococcal disease.

E - DNA-anti-DNA antibody immune complex formation

Explanation Why

Lupus nephritis is characterized by DNA-anti-DNA immune complex deposition in the glomeruli

and can manifest as either nephrotic syndrome or nephritic syndrome. However, this patient's age

and the absence of other systemic symptoms of SLE (e.g., malar rash, discoid rash, arthritis) make
this unlikely.
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Question # 6

A 27-year-old man comes to the physician because of a 1-week history of fever and pain with urination.
Over the past 2 days, he has also had nausea. His temperature is 39°C (102.2°F). A photomicrograph of
a urine sample is shown. This patient's findings indicate damage to which of the following structures?

Answer Image
A || Prostate
B || Urethra
C || Ureter
D || Renal interstitium
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Answer

E Glomerulus

F || Urinary bladder
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Hint

The image shows a cluster of sharply demarcated cells with large central nuclei. These cells are encased
in a tubular matrix. This is the characteristic appearance of a white blood cell cast, which is a common
finding (along with fever, dysuria, and nausea) in patients with pyelonephritis.
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Correct Answer

A - Prostate

Explanation Why

Prostatitis is an uncommon infection that can manifest with fever and dysuria. However, urinalysis in
patients with prostatitis shows pyuria and bacteriuria, not urinary casts.

B - Urethra

Explanation Why

Urethritis, which in younger individuals is usually due to a sexually transmitted infection, can
manifest with dysuria. However, systemic symptoms such as fever are typically absent. Additionally,
urinalysis in patients with urethritis shows pyuria and bacteriuria but no urinary casts.

C - Ureter

Explanation Why

Ureteral inflammation (e.g., due to passage of a renal stone) or infection (e.g., ascending infection
from cystitis) can manifest with fever and dysuria. In patients with nephrolithiasis, urinalysis shows
hematuria and crystals. In patients with cystitis, it shows pyuria and bacteriuria. Urinary casts do not
form in either condition.
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Explanation Why

Inflammation of the renal interstitium results in the formation of white blood cell casts in the tubules
that are visible on urinalysis. The presence of these casts helps to distinguish an upper urinary tract
infection (pyelonephritis) from a lower urinary tract infection (cystitis). WBC casts are most
commonly found in patients with pyelonephritis but can also form in patients with acute interstitial
nephritis or in renal transplant recipients experiencing graft rejection.

E - Glomerulus

Image

Explanation Why

The presence of urinary casts on urinalysis indicates that the level of injury is the kidney. However,
in glomerular injury (e.g., from glomerulonephritis), red blood cells (RBCs) leak across the injured

https://t.me/USMLEAmMboss https://t.me/USMLEAmbOSS


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

glomerular base membrane, stick together, and form red blood cell casts in the renal tubules. A fresh
RBC cast appears as a cluster of biconcave disc-shaped RBCs enclosed in a tubular mucoprotein
cast.

F - Urinary bladder

Explanation Why

Cystitis can manifest with dysuria, but systemic features such as fever and nausea are typically
absent. In addition, urinalysis in patients with cystitis typically shows WBCs (pyuria) and
bacteriuria, not urinary casts.
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Question # 7

A 48-year-old woman with chronic tension headaches comes to the physician because of several
episodes of bilateral flank pain and reddish urine within the past month. Current medications include
aspirin, which she takes almost daily for headaches. Her temperature is 37.4°C (99.3°F) and her blood
pressure is 150/90 mm Hg. Physical examination shows costovertebral tenderness to percussion
bilaterally. Laboratory studies show a hemoglobin concentration of 10.2 g/dL and serum creatinine

concentration of 2.4 mg/dL. Urine studies show:

Urine

Protein || 3+

RBC | > 16/hpf

WBC || 2/hpf

There are no casts or dysmorphic RBCs visualized on microscopic analysis of the urine. Which of the

following is the most likely underlying cause of this patient's hematuria?

Answer

Image

A || Tubular lumen obstruction by protein casts

B || Necrotizing inflammation of the renal glomeruli

C || Bacterial infection of the renal parenchyma

D || Lipid peroxidation within tubular cells
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Answer

Image

Vasoconstriction of the medullary vessels

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Hint

This woman's presentation and history of analgesic use as well as the urine studies are consistent with
renal papillary necrosis, which can present with flank pain and hematuria.
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Correct Answer

A - Tubular lumen obstruction by protein casts

Explanation Why

Obstruction of the renal tubular lumen by protein casts can be seen in multiple myeloma or after
administration of radiocontrast agents. Although those conditions can lead to acute kidney injury,
this patient's medical history suggests a different cause. Moreover, although microscopic hematuria
can be seen in light chain cast nephropathy, gross hematuria as with this patient is rarely seen.

B - Necrotizing inflammation of the renal glomeruli

Explanation Why

Necrotizing inflammation of the renal glomeruli is characteristic of glomerulonephritis secondary to
granulomatosis with polyangiitis (GPA). While GPA can present with bilateral flank pain and gross
hematuria, urinalysis would reveal RBC casts with dysmorphic RBCs. Furthermore, this patient does
not have any other symptoms of GPA such as pulmonary or nasopharyngeal involvement.

C - Bacterial infection of the renal parenchyma

Explanation Why

Bacterial infection of the renal parenchyma describes pyelonephritis, which can cause costovertebral
angle tenderness, acute kidney injury, and hematuria similar to this patient. However, pyelonephritis

typically manifests with acute, unilateral pain, and accompanied by fever and pyuria. The absence of
fever and significant pyuria makes this cause unlikely.
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D - Lipid peroxidation within tubular cells

Explanation Why

Lipid peroxidation is a form of free radical damage that can occur in renal tubular cells due to
phenacetin or acetaminophen (the metabolite of phenacetin) use. Phenacetin, an NSAID that is no
longer used, is thought to cause direct nephrotoxicity through this mechanism, resulting in renal
papillary necrosis and acute kidney injury, similar to this patient. However, modern NSAIDs do not
cause lipid peroxidation.

Explanation Why

NSAIDs suppress the production of vasodilatory prostaglandins, thereby inhibiting vasodilation of
the vasa recta and decreasing blood flow to highly sensitive renal papillae. This leads to ischemia
and eventual sloughing of the necrotic renal papillae, which may manifest clinically without any
symptoms, or with hematuria, as seen here. Other causes of renal papillary necrosis include sickle
cell disease, acute pyelonephritis, and diabetes mellitus.
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Question # 8

A 56-year-old man comes to the emergency department because of a 3-day history of severe epigastric
pain that is radiating to his back and accompanied by nausea and vomiting. He has a history of alcohol
use disorder. His blood pressure is 90/60 mm Hg and his pulse is 110/min. Physical examination shows
diffuse abdominal tenderness and distention. Laboratory studies show:

Serum
Lipase 180 U/L (N <50)
Amylase 150 U/L
Creatinine 2.5 mg/dL

Urine
Sodium 45 mEq/L
Osmolality 280 mOsmol/kg H2O
Epithelial cell casts || numerous

Laboratory studies from a recent office visit were within normal limits. This patient's condition is most
likely to affect which of the following kidney structures first?

Answer Image

A || Collecting duct
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tubule

Answer

Straight segment of proximal

Thin ascending limb of loop of

Henle

Thin descending limb of loop of

Henle

Convoluted segment of proximal

E tubule

Convoluted segment of distal

F tubule
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Hint

This patient's history, symptoms, and elevated lipase and amylase indicate acute pancreatitis, a condition
that can lead to hypovolemia and associated prerenal acute kidney injury (AKI). Prolonged prerenal AKI
and the resulting renal hypoxia can lead to intrinsic AKI, which is the likely diagnosis in a patient with

elevated serum creatinine, urine Na'> 40 mEq/L, and urine osmolality < 350 mOsmol/kg. Certain renal
structures are highly susceptible to ischemic injury because of their location.
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Correct Answer

A - Collecting duct

Explanation Why

The collecting duct is located in both the renal medulla and the renal cortex. Although the medulla is
relatively hypoxic, the cortex receives a relatively high blood supply. For this reason, the collecting
duct is not usually the first structure affected by ischemia.

Image

Peritubular capillary
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arterinle
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Explanation Why
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The straight segment of proximal tubule (PST) and the distal straight tubule (aka thick ascending
limb, or TAL) are both located in the outer renal medulla and are the nephron segments damaged
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first and most severely during renal hypoperfusion. In contrast to the renal cortex, in which the rate
of blood flow is high to facilitate glomerular filtration and resorption, the rate of blood flow in the
renal medulla is lower to facilitate concentration of the urine via osmotic gradients (i.e., medullary
hypertonicity). Moreover, the PST and TAL carry out active transport of electrolytes, a process
which requires oxygen and therefore renders them particularly vulnerable to ischemia following
hypovolemic vasoconstriction. The presence of brownish (muddy) granular renal tubular epithelial
cell casts in his urine is evidence of acute tubular necrosis, the cause of ~ 85% of intrinsic AKIs and
most commonly the result of ischemic changes to the PST and/or TAL.

C - Thin ascending limb of loop of Henle

Explanation But

The thick ascending limb, in contrast to the thin ascending limb, actively absorbs sodium in order to
maintain an osmotic gradient, a process that requires a large amount of oxygen and makes it
especially vulnerable to ischemia.

Explanation Why

The thin ascending limb of loop of Henle is located in the renal medulla, which is typically relatively
hypoxic. However, other medullary segments are even more vulnerable to ischemia because they
carry out active transport of electrolytes, a process that requires oxygen.

D - Thin descending limb of loop of Henle

Explanation Why

The thin descending limb of loop of Henle is located in the renal medulla, which is typically
relatively hypoxic. However, other medullary segments are even more vulnerable to ischemia
because they carry out active transport of electrolytes, a process that requires oxygen.
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E - Convoluted segment of proximal tubule

Explanation Why

The proximal convoluted tubule (PCT) can be affected in cases of intrinsic AKI caused by ischemic
acute tubular necrosis (ATN). However, because the rate of blood flow from the efferent arteriole is
relatively high, the PCT would not likely be the first segment affected and would not be most
severely damaged by ischemia. Toxic ATN, in contrast to ischemic ATN, classically affects the PCT.

F - Convoluted segment of distal tubule

Explanation Why

The convoluted segment of distal tubule (DCT) is located near the glomerulus in the renal cortex.
Because of the high rate of blood flow in the renal cortex, the DCT would be unlikely to be affected
first during renal hypoperfusion.
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Question # 9

An 87-year-old man comes to the physician because of progressive bilateral flank pain for the past

4 weeks. He also reports having to use the restroom more frequently. Vital signs are within normal
limits. Physical examination shows mild bilateral flank tenderness. Ultrasonography of the left kidney is
shown. Which of the following is the most likely explanation of this patient's flank pain?

Answer Image

A || Short intramural ureter segment

B || Bladder outlet obstruction

C Posterior urethral valves
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Answer

Image

Chronic inflammation of renal interstitium

Formation of renal parenchymal cysts
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Hint

The hypoechoic dilatation of the renal pelvis and calyces seen on ultrasound of the left kidney indicate
hydronephrosis.
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Correct Answer

A - Short intramural ureter segment

Explanation Why

A short intramural ureter segment (ureter segment located within the bladder wall) is a congenital
malformation that leads to primary vesicoureteral reflux because the vesicoureteral valves may fail to
close properly during micturition. A short intramural ureter segment can cause the hydronephrosis
seen on this patient's ultrasound. However, it would only cause unilateral symptoms, and would not
explain this patient's bilateral flank pain or polyuria.

Explanation Why

This patient's bilateral flank pain is likely due to bladder outlet obstruction. In adult men, bladder
outlet obstruction is most commonly caused by benign prostatic hyperplasia, features of which
include polyuria (as seen in this patient), as well as hesitancy and incomplete voiding. When the
bladder is unable to empty sufficiently because of an outflow obstruction, high intravesical pressures
can lead to vesicoureteral reflux. The backup of urine causes hydronephrosis, in which the renal
pelvis and calyces become distended with urine, causing compression of the renal cortex and
medulla and manifesting with bilateral flank pain and tenderness. Ultrasonographic findings of
hydronephrosis include hypoechoic dilatation of the renal pelvis and calyces, as seen here.

C - Posterior urethral valves

Explanation Why

Posterior urethral valves is a congenital malformation that leads to vesicoureteral reflux in newborn
males. Posterior urethral valves can present with symptoms of bladder outlet obstruction, bilateral
involvement (e.g., bilateral flank pain), and similar findings on ultrasonography of the kidney.
However, the condition usually manifests with recurrent urinary tract infections in early childhood.
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D - Chronic inflammation of renal interstitium

Explanation Why

Inflammation of the renal interstitium occurs in pyelonephritis, most commonly due to ascending
urinary tract infection (UTI). UTI can manifest with polyuria, and pyelonephritis can cause (typically
unilateral) flank pain and costovertebral angle tenderness. This patient has bilateral flank pain and
lacks other features of pyelonephritis such as fever and dysuria. Furthermore, ultrasonographic
findings of chronic pyelonephritis, such as blunted renal calyces due to medullary scarring, are not
seen here.

E - Formation of renal parenchymal cysts

Explanation Why

Renal parenchymal cysts occur in polycystic kidney disease. Autosomal dominant polycystic kidney
disease manifests in adulthood and can cause bilateral flank pain and polyuria. However, ultrasound
in polycystic kidney disease would show bilaterally enlarged kidneys with cysts of varying sizes that
appear as anechoic masses, as opposed to the hydronephrosis seen in this patient.
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Question # 10

A 6-year-old boy is brought to the physician by his mother because of a 2-day history of dysuria and
increased urinary frequency. Vital signs are within normal limits. Urinalysis shows cloudy, red urine.
This patient's clinical presentation is best explained by an infection with a virus with which of the

following features?

Answer

Image

A || Non-enveloped with linear, single-stranded DNA

B || Non-enveloped with linear, single-stranded RNA

C || Enveloped with linear, double-stranded DNA

D || Enveloped with linear, single-stranded RNA

E || Non-enveloped with linear, double-stranded DNA
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Hint

This boy has dysuria, increased urinary frequency, and bloody urine on urinalysis. These signs and
symptoms suggest acute hemorrhagic cystitis.
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Correct Answer

A - Non-enveloped with linear, single-stranded DNA

Explanation Why

Parvovirus is a non-enveloped virus with a linear, single-stranded DNA. This virus causes erythema
infectiosum in children, which is characterized by fever, circumoral pallor, a bright red rash on the
cheeks, and a reticular rash on the trunk and extremities. Parvovirus does not cause acute
hemorrhagic cystitis.

B - Non-enveloped with linear, single-stranded RNA

Explanation Why

Picornaviruses, hepeviruses, and caliciviruses are non-enveloped viruses with linear, single-stranded
RNA. None of these viruses cause acute hemorrhagic cystitis.

C - Enveloped with linear, double-stranded DNA

Explanation Why

Poxviruses and herpesviruses and are enveloped viruses with linear, double-stranded DNA.
Hemorrhagic cystitis due to HSV-2 has been reported but this is an extremely rare presentation that
occurs among immunosuppressed patients. Childhood infections typically associated with enveloped,
double-stranded linear DNA viruses include chickenpox (HHV-3), infectious mononucleosis
(HHV-4), roseola infantum (HHV-6, HHV-7), and molluscum contagiosum (poxvirus).
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D - Enveloped with linear, single-stranded RNA

Explanation But

Other enveloped, single-stranded linear RNA viruses such as flaviviruses, retroviruses,
rhabdoviruses, and filoviruses only rarely affect children and do not cause hemorrhagic cystitis.

Explanation Why

The enveloped, single-stranded linear RNA viruses most commonly associated with childhood
infections are coronaviruses (common cold), orthomyxoviruses (influenza), paramyxoviruses (croup,
bronchiolitis, mumps, measles), and togaviruses (rubella). Hemorrhagic cystitis due to the
orthomyxovirus influenza A has been reported but this is an extremely rare clinical presentation.

Explanation Why

Adenoviruses are non-enveloped viruses with linear, double-stranded DNA and an icosahedral
capsid. Serotypes 7, 11, 21, and 35 cause acute viral hemorrhagic cystitis. This condition occurs most
frequently among male children and typically manifests with dysuria and hematuria that resolves
within days to weeks after onset. Adenovirus infection is also associated with febrile pharyngitis,
pneumonia, conjunctivitis, gastroenteritis, and myocarditis.
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Question # 11

A 3000-g (6-1b 10-0z) male newborn delivered at 38 weeks' gestation develops respiratory distress
shortly after birth. Physical examination shows low-set ears, retrognathia, a flattened nose, and club feet.
Within a few hours, the newborn dies. Examination of the liver at autopsy shows periportal fibrosis and
dilatation of the peripheral intrahepatic ducts. This patient's condition is most likely associated with
which of the following?

Answer Image

A || Bilateral hypoplasia of kidneys

B Mutation on the short arm of chromosome 16

C Valvular obstruction of urine outflow

D || Nondisjunction of chromosome 18

E || Cystic dilation of collecting ducts
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Hint

Compression of the fetus secondary to maternal oligohydramnios results in club feet and craniofacial
abnormalities such as retrognathia and low-set ears (Potter sequence). Insufficient amniotic fluid also
causes pulmonary hypoplasia, which results in respiratory distress after birth. The concurrent presence
of periportal fibrosis is the key to the correct answer!
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Correct Answer

A - Bilateral hypoplasia of kidneys

Explanation Why

Bilateral renal hypoplasia or agenesis can cause oligohydramnios leading to Potter sequence, as
observed in this case. However, this patient's autopsy revealed periportal fibrosis, which is not
consistent with renal hypoplasia. The combination of Potter sequence and hepatic involvement
suggests a different renal pathology.

B - Mutation on the short arm of chromosome 16

Image

Explanation Why

A mutation of the polycystin-1 gene on chromosome 16 is the most common cause of autosomal
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dominant polycystic kidney disease (ADPKD). Patients with ADPKD typically present in adulthood
and have chronic renal failure and hepatic cyst formation. The combination of Potter sequence and
hepatic fibrosis in this neonate suggests a renal pathology caused by a defect on a different
chromosome.

C - Valvular obstruction of urine outflow

Explanation Why

Posterior urethral valves are the most common cause of urinary tract obstruction in newborn males.
Obstructive uropathy can cause oligohydramnios leading to Potter sequence, as observed in this
patient. However, the presence of posterior urethral valves is not associated with congenital liver
fibrosis.

D - Nondisjunction of chromosome 18

Explanation Why

Nondisjunction of chromosome 18 can cause trisomy 18 (Edwards syndrome), which causes a
variety of clinical features, including distinctive craniofacial abnormalities and rocker bottom feet.
Other important features of Edwards syndrome that are absent in this patient include finger
contractures (causing clenched fists) and congenital heart defects. This patient's renal disease is
associated with a genetic defect on a different chromosome.

Explanation Why

This neonate has autosomal recessive polycystic kidney disease (ARPKD), which is caused by a
mutation in the fibrocystin (PKHD1) gene on the short arm of chromosome 6. This mutation leads to
cystic dilation of the distal nephron and collecting ducts. ARPKD can cause in-utero renal failure,
subsequently leading to maternal oligohydramnios and Potter sequence. ARPKD is also associated
with progressive hepatic fibrosis, which can cause portal hypertension and liver failure.
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Question # 12

Two days after undergoing transsphenoidal removal of a pituitary macroadenoma, a 35-year-old woman
reports increased thirst and frequent urination. The surgery was uncomplicated. Neurologic examination
shows no abnormalities. Her serum sodium concentration is 153 mEq/L and fasting serum glucose
concentration is 92 mg/dL. Which of the following findings in the nephron best describes the tubular

osmolality, compared with serum, in this patient?

Answer

Image

A || Distal ascending loop of Henle is hypertonic

B || Distal descending loop of Henle is hypotonic

C || Proximal convoluted tubule is hypertonic

D || Collecting duct is hypotonic

E | Distal convoluted tubule is hypertonic
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Hint

Polyuria, polydipsia, and mild hypernatremia should raise suspicion for inadequate ADH. The history of
recent neurosurgery suggests central diabetes insipidus caused by damage to the hypothalamus or
hypothalamic tract.
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Correct Answer

A - Distal ascending loop of Henle is hypertonic

Explanation Why

Sodium, potassium, and chloride are reabsorbed in the distal ascending loop of Henle, which is
impermeable to water and hypotonic (~100 mOsm/L) compared to the serum. The ascending loop of
Henle is impermeable to water regardless of ADH concentrations. Therefore, this part of the nephron
would remain physiologically hypotonic, not hypertonic, even in the setting of central DI.

B - Distal descending loop of Henle is hypotonic

Explanation Why

Osmotic movement of water in the descending loop of Henle is driven by the hyperosmolality of the
interstitial space of the renal medulla. The fluid in the distal part of the descending loop of Henle is,
therefore, hypertonic (600-1200 mOsm/L) compared to the serum. This hypertonicity is not affected
by ADH, as there are no V2 receptors located here.

C - Proximal convoluted tubule is hypertonic

Explanation Why

In the proximal convoluted tubule, water and solutes (e.g., electrolytes) are reabsorbed in equal
amounts. The osmolality of the tubular fluid in the PCT is dependent on serum osmolality, rather
than ADH levels. The PCT would, therefore, remain isotonic (~300 mOsm/L) rather than hypertonic
when compared to the serum.
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Explanation Why

Central diabetes insipidus (DI) is caused by a lack of ADH, which impairs the reabsorption of free
water from the collecting ducts (and the late distal convoluted tubules). ADH normally stimulates V2
receptors to increase the expression of aquaporins. The inability to reabsorb free water (e.g., inability
to concentrate the urine) results in hypotonic urine, polyuria, and dehydration, which in turn triggers
thirst and polydipsia, as seen in this patient. Urine osmolality is typically low (< 500 mOsmol/kg)
and serum osmolality is high (> 299 mOsmol/kg) in patients with DI.

E - Distal convoluted tubule is hypertonic

Explanation Why

Water and sodium chloride are reabsorbed in the distal convoluted tubule, which has V2 receptors
that are stimulated by ADH. However, a lack of ADH would decrease the permeability to water and
thereby decrease the osmolality in this part of the nephron, making the fluid in the distal convoluted
tubule hypotonic, not hypertonic.
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Question # 13

An investigator is studying patients with acute decompensated congestive heart failure. He takes
measurements of a hormone released from atrial myocytes, as well as serial measurements of left atrial
and left ventricular pressures. The investigator observes a positive correlation between left atrial
pressures and the serum level of this hormone. Which of the following is most likely the mechanism of

action of this hormone?

Answer

Image

tubules

Decreases sodium reabsorption at the collecting

Beta blockers

Nitrates

Thiazides

Loap diuretics 1
Aldosterone antagonists —
ACE inhibitors L Gardi J

[TProond

T BNP
!
}
‘ T Heart rate
Neprilysin inhibitors (ARNI)
Negiritide

Beta biockers
Ivabradine

ACE inhibitors
ARBs

Digoxin:
7 inotropy

ACE inhibitors
ARBs

Hydralazine

ducts

Increases potassium excretion at the collecting

C Constricts afferent renal arteriole

Decreases reabsorption of bicarbonate in the
proximal convoluted tubules

tubules

Increases free water reabsorption from the distal
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Hint

Atrial natriuretic peptide (ANP) is a hormone released from the atrial myocytes in response to increased
stretch on the atrial lumen, especially in patients with congestive heart failure exacerbations.
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Correct Answer

Image
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Explanation Why
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Atrial natriuretic peptide (ANP) dilates the afferent arterioles and constricts the efferent arterioles,
which increases glomerular filtration rate by increasing the net filtration pressure. Moreover, ANP

decreases sodium reabsorption in the collecting tubules principal cells. Using these two mechanisms,
ANP promotes natriuresis in response to increased stretch on the atrial lumen in an attempt to reduce
the impact of volume overload. While atrial myocytes release ANP upon stretching, ventricular
myocytes liberate BNP, which has a similar effect but lasts longer than ANP. Hence, BNP and NT-
pro BNP levels are important serum markers for the diagnosis of CHF.
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B - Increases potassium excretion at the collecting ducts

Explanation Why

Increased potassium excretion at the collecting ducts occurs with hyperaldosteronism. Aldosterone
increases extracellular fluid. In these patients, however, this mechanism would worsen cardiac
congestion. In this patient, ANP is released, which decreases potassium excretion.

C - Constricts afferent renal arteriole

Explanation Why

Constriction of afferent arterioles decreases renal blood flow and thereby reduces glomerular
filtration rate (GFR), which then reduces urine output and worsens congestion in patients with CHF
exacerbations. In contrast, the release of ANP in this patient attempts to compensate volume
overload by stimulating afferent arteriole dilation and promoting natriuresis.

D - Decreases reabsorption of bicarbonate in the proximal convoluted tubules

Explanation Why

Decreased reabsorption of bicarbonate in the proximal convoluted tubule (PCT) leads to urine
alkalinization and causes mild diuresis. Although this might moderately decrease congestion in
patients with CHF, this does not describe the mechanism of action of the ANP released in this
patient. It does, however, describe the MOA of carbonic anhydrase inhibitors (e.g., acetazolamide).
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E - Increases free water reabsorption from the distal tubules

Explanation Why

Increased free water reabsorption from the distal convoluted tubule (DCT) is mediated by the
antidiuretic hormone (ADH), which is released in response to decreased atrial pressure. This
investigator observes serum concentration of ANP, which increases diuresis by inhibiting sodium
reabsorption. ANP does not play a role in regulating free water reabsorption. Moreover, increased
free water reabsorption would worsen congestion in patients with CHF exacerbations.
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Question # 14

An investigator is studying the effect of antihypertensive drugs on cardiac output and renal blood flow.
For comparison, a healthy volunteer is given a placebo and a continuous infusion of
para-aminohippuric acid (PAH) to achieve a plasma concentration of 0.02 mg/ml. His urinary flow rate
is 1.5 ml/min and the urinary concentration of PAH is measured to be 8 mg/ml. His hematocrit is 50%.
Which of the following values best estimates cardiac output in this volunteer?

Answer Image

A || 3 L/min
B || 6 L/min
C || 8 L/min
D || 1.2 L/min

E 4 L/min
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Hint

Renal blood flow in a healthy individual is ~ 20-25% of the cardiac output (CO).
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Correct Answer

A -3 L/min

Explanation Why

Calculating the cardiac output from the renal plasma flow (RPF) will underestimate the true CO. In
this patient, the RPF is 600 mL/min, which would incorrectly lead to an estimated CO of 2.4-3.0 L/
min (0.6 L/min/0.25 or 0.6/0.20 = 2.4 or 3.0 L/min, respectively). CO is correctly calculated using
the renal blood flow (RBF), which itself is determined using RPF (RBF = RPF/(1 - Hct)).

Explanation Why

To calculate cardiac output, the renal plasma flow (RPF) and renal blood flow (RBF) will first need
to be determined. RPF = (UpaH x Urine flow rate)/PpaH, where UpaH = urine concentration of para-
aminohippuric acid (PAH) and PpaH = plasma concentration of PAH. Thus, RPF = 8 x 1.5/0.02 =
600 ml/min. Next, RBF = RPF/(1 - Hct); RBF = 600/(1 - 0.5) = 1.2 L/min. Finally, the kidneys
receive 20-25% of cardiac output, so that this person's CO is 4.8—6.0 L/min (1.2 L/min/0.25 or 1.2/
0.20 = 4.8 or 6.0 L/min, respectively).

C - 8 L/min

Explanation Why

A cardiac output of 8 L/min would provide the kidneys with 1.6-2.0 L/min (8 L/min x 0.20 or 0.25,
respectively). This patient's renal blood flow is not within this range.
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D -1.2 L/min

Explanation Why

It is correct that this patient's renal blood flow (RBF) is 1.2 L/min. The RBF can now be used to
calculate overall cardiac output because RBF is a relatively constant proportion of CO (20-25%).

E -4 L/min

Explanation Why

Assuming that this number was determined with a correct renal blood flow (RBF) of 1.2 L/min, it
was likely calculated assuming an RBF of 30% of the cardiac output (1.2 L/min/0.30 = 4 L/min).

However, a healthy individual's RBF is ~ 20-25% of the cardiac output (CO).
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Question # 15

A 32-year-old man with hypertension and gout comes to the physician with left flank pain and bloody
urine for two days. He does not smoke cigarettes but drinks two beers daily. Home medications include
hydrochlorothiazide and ibuprofen as needed for pain. Physical examination shows left costovertebral
angle tenderness. Urine dipstick is strongly positive for blood. Microscopic analysis of a stone found in
the urine reveals a composition of magnesium ammonium phosphate. Which of the following is the

strongest predisposing factor for this patient's condition?

Answer

Image

A || Urinary tract infection

B || Use of vitamin C supplements

C || Uric acid precipitation

D || Inflammatory bowel disease

E || Ethylene glycol ingestion

F || Hereditary deficiency in amino acid reabsorption
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Hint

This patient's flank pain and hematuria indicate nephrolithiasis. Struvite stones (magnesium ammonium
phosphate stones) form when urine is alkaline.
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Correct Answer

Explanation Why

Urinary tract infection is the strongest predisposing factor for the development of struvite stones.
Urease-producing bacteria (e.g., Proteus mirabilis) convert urea to ammonia, which then combines
with magnesium and phosphate to form struvite stones. In severe cases, they can appear as staghorn
calculi.

B - Use of vitamin C supplements

Explanation Why

High supplemental vitamin C intake, as well as a diet rich in animal proteins, are predisposing
factors for the development of hyperoxaluria and calcium oxalate stones, the most common type of
nephrolithiasis. This patient instead presents with a struvite stone, making another etiology for his
condition more likely.

C - Uric acid precipitation

Explanation Why

Hyperuricemia (e.g., gout) is a predisposing factor for the development of uric acid stones but does
not contribute to the development of struvite stones, as seen here.
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D - Inflammatory bowel disease

Explanation Why

Inflammatory bowel disease is a predisposing factor for the development of hyperoxaluria and
calcium oxalate kidney stones, the most common type of nephrolithiasis. IBD does not contribute to
the development of struvite stones, as seen here.

E - Ethylene glycol ingestion

Explanation Why

Ethylene glycol poisoning may trigger the precipitation of oxalate crystals in the urine and can lead
to the formation of calcium oxalate stones. Ethylene glycol ingestion would not cause a struvite
stone, as seen in this patient.

F - Hereditary deficiency in amino acid reabsorption

Explanation Why

A genetic defect in amino acid reabsorption (cystinuria) causes aminoaciduria and cysteine
accumulation in the urine and would increase the risk of developing cystine stones. This patient's
urinary stone is composed of magnesium ammonium phosphate, not cystine. Also, cystinuria usually
manifests during childhood.
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Question # 16

A new drug is developed that inhibits the sodium-potassium-chloride cotransporter in the ascending loop
of Henle. Which of the following sets of changes is most likely to occur after 2 days of therapy with this

drug?
Serum pH || Jugular venous pressure (JVP)
A || No change | increased
B || Nochange || no change
C || Decreased || decreased
D || Increased decreased
E || Decreased || increased
Answer || Image
Al A
B | B
C| C
D | D
E | E
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Hint

This experimental drug has a mechanism of action that is identical to loop diuretics such as furosemide,
torsemide, and bumetanide.
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Correct Answer

A-A

Explanation Why

No change in pH and an increase in JVP would be observed with the use of an osmotic diuretic such
as mannitol. This class of diuretics increases the osmotic gradient within blood vessels and tubules to
pull water into the intravascular space. The increase in blood and tubular fluid osmolarity
subsequently leads to an increase in urine outflow. This mechanism makes these diuretics very
effective at decreasing intracranial pressure and intraocular pressure. In contrast, the drug in question
here inhibits the Na-K-ClI cotransporter in the ascending loop of Henle.

Explanation Why

No change in pH or JVP would be expected after administration of a K+-sparing diuretic such as

spironolactone. Because this class of diuretics has a relatively weak effect on overall Na" balance, a
change in intravascular volume (of which JVP is a marker) would not be expected. Furthermore, the

inhibitory effect on K" excretion can indirectly reduce H" excretion, but this would not result in a
change in serum pH because of renal compensation at the proximal convoluted tubule.

C-C

Explanation Why

A decrease in pH and in JVP would be seen in patients taking a carbonic anhydrase inhibitor such as
acetazolamide. This class of diuretics inhibits the transport of bicarbonate out of the proximal

convoluted tubule into the interstitium, which leads to decreased Na" reabsorption at this site and

therefore greater loss of Na® (decrease fluid volume/JVP), bicarbonate (decrease in pH), and water in
the urine. In contrast, the drug in question here inhibits the Na-K-Cl cotransporter in the ascending
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loop of Henle.

Explanation Why

Increased serum pH and decreased JVP occur when the Na-K-CI cotransporter in the ascending loop

of Henle is inhibited. Inhibiting this cotransporter impairs Na* reabsorption, which causes relative
hypovolemia. The typical response is contraction alkalosis (increased serum pH, reduced JVP). The

inability to reabsorb K in the ascending loop also results in a higher luminal concentration in the

collecting tubule, where K" ions are absorbed at the expense of H', further contributing to metabolic
alkalosis.

Explanation Why

Decreased serum pH and increased JVP would be observed in a patient taking a drug that stimulates
the Na-K-Cl cotransoorter Stimulating this transporter increases the reabsorption of Na', K", and

CI', as well as Mg " and Ca2" (Vla the positive lumen potential created by K* shifts). Increased K*

reabsorption (with concomitant H' reabsorption) leads to metabolic acidosis, and increased Na©
reabsorption increases fluid retention (which increases JVP).
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Question # 17

An investigator is studying mechanisms of urea excretion in humans. During the experiment, a healthy
male volunteer receives a continuous infusion of para-aminohippurate (PAH) to achieve a PAH plasma
concentration of 0.01 mg/mL. A volume of 1.0 L of urine is collected over a period of 10 hours; the
urine flow rate is 1.66 mL/min. The urinary concentration of PAH is measured to be 3.74 mg/mL and his
serum concentration of urea is 0.2 mg/mL. Assuming a normal filtration fraction of 20%, which of the

following best estimates the filtered load of urea in this patient?

Answer

Image

A || 25 mg/min

B || 620 mg/min

C || 124 mg/min

D || 7 mg/min

E || 166 mg/min
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Hint

To estimate the filtered load of urea, we need to calculate this patient's glomerular filtration rate (GFR)
using the dynamics of PAH. There is a nearly complete removal of all the PAH that flows through the
kidney, so we can use PAH to estimate the effective renal plasma flow: eRPF = (UpaH * V)/PpAH where
UpaH = urine PAH concentration, V = urine flow rate, and PpaH = plasma PAH concentration. We can
then use the relationship between filtration fraction (FF) and eRPF to calculate the GFR
(FF=GFR/eRPF) to obtain our estimate for the filtered load of urea.
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Correct Answer

Explanation Why

Urea is freely filtered in the glomerulus and is also both secreted (via Loop of Henle) and reabsorbed
(via proximal convoluted tubule, collecting duct) to a certain extent. However, the amount of
secretion and reabsorption are irrelevant for calculating the filtered load, which refers only to the
amount of the substance entering the glomerulus via filtration over time. Because urea is freely
filtered, and not transported via larger proteins or lipophilic substances, the filtered load can be
estimated via standard formulas:

eRPF = (UpaH x V)/PpAH = (3.74 mg/mL x 1.66 mL/min)/(0.01 mg/mL) = 620 mL/min

FF = GFR/eRPF «> GFR = FF x eRPF — GFR = (0.2) x (620 mL/min) = 124 mL/min

Filtered load of urea = GFR x urea plasma concentration = (124 mL/min) x (0.2 mg/mL) = 24.8 mg/
min

B - 620 mg/min

Explanation Why

The eRPF is 620 mL/min. This number is required to calculate GFR and eventually the filtered load
of urea.

eRPF = (UpaH x V)/PpAH = (3.74 mg/mL x 1.66 mL/min)/(0.01 mg/mL) =620 mL/min
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C - 124 mg/min

Explanation Why

The GFR is 124 mL/min. This number is required to calculate the filtered load of urea.

GFR = FF*eRPF = (0.2) x (620 mL/min) = 124 mL/min

D - 7 mg/min

Explanation Why

This would be the filtered load of urea if an incorrect formula for eRPF was used by initially
forgetting to factor in the urine PAH concentration. This would yield an abnormally low eRPF of
around 166 mL/min and accordingly an abnormally low GFR (33 mL/min) and filtered load. Normal
eRPF is around 600 mL/min, and normal GFR is around 120 mL/min for men.

Filtered load of urea = GFR x urea plasma concentration = (33.2 mL/min) x (0.2 mg/mL) = 6.6 mg/
min

E - 166 mg/min

Explanation Why

This number is part of the calculation of eRPF in this patient (V/PpaH) but is not a completed
calculation. eRPF is needed to calculate the filtered load of urea.

eRPF = (UpaH x V)/PraH = (3.74 mg/mL x 1.66 mL/min)/(0.01 mg/mL) = 620 mL/min
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Question # 18

A 62-year-old man comes to the physician because of increased frequency of urination. He also says that
he needs to urinate 4 to 5 times nightly and has difficulty initiating a urinary stream. He has had several
episodes of acute cystitis treated with ciprofloxacin during the past year. Digital rectal examination
shows a firm, symmetrically enlarged, nontender prostate. This patient is most likely to develop which

of the following complications?

Answer

Image

A || Abscess formation in the prostate

B Irreversible decrease in renal function

C || Impaired intracavernosal blood flow

D || Inflammation of the renal interstitium

E Blastic bone lesions
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Hint

Increased urinary frequency, difficulty in initiating urination, and symmetrically enlarged prostate are
findings consistent with benign prostatic hyperplasia (BPH).
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Correct Answer

A - Abscess formation in the prostate

Explanation Why

Urinary stasis due to BPH-induced urinary tract obstruction increases the risk of developing
recurrent urinary tract infections (UTIs), which can lead to acute prostatitis (bacterial prostatitis).
Acute, untreated bacterial prostatitis can subsequently result in abscess formation, but this is very
rare. Another complication is much more likely.

B - Irreversible decrease in renal function

Explanation Why

Urinary stasis due to BPH-related urinary outflow obstruction increases this patient's risk of
developing hydronephrosis, which can cause post-renal acute kidney injury (AKI). However, the
reduction in renal function from AKI is usually reversible with medical intervention (e.g., surgical
removal of the prostate or catheterization). Progression to chronic kidney disease is very rare.

C - Impaired intracavernosal blood flow

Explanation Why

Risk factors for erectile dysfunction include obesity, smoking, atherosclerotic disease, and diabetes
mellitus. Surgical interventions on the prostate (e.g., prostatectomy, TURP) can also lead to ED.
BPH and recurrent UTIs are not known risk factors for developing ED and a different complication
is more likely.
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Explanation Why

BPH predisposes patients to urinary stasis by obstructing the urinary outflow tract, which leads to an
increased risk of recurrent urinary tract infections (UTIs), including pyelonephritis. Pyelonephritis is
characterized by inflammation of the renal interstitium. Other risk factors for UTI in males include
vesicoureteral reflux, ureteral strictures, and nephrolithiasis.

E - Blastic bone lesions

Explanation Why

Bone metastases in males are most commonly due to metastatic prostate cancer. However, this
patient's physical exam findings are more consistent with BPH, rather than prostate cancer. BPH
results from diffuse hyperplasia of non-neoplastic glandular and stromal cells of the transition zone
of the prostate gland, whereas prostate cancer more commonly occurs in the peripheral part of the
gland and typically manifests with distinct nodules.
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Question # 19

A 48-year-old woman comes to the physician for a follow-up examination. At her visit 1 month ago, her

glomerular filtration rate (GFR) was 100 mL/min/1.73 m? and her renal plasma flow (RPF) was
588 mL/min. Today, her RPF is 540 mL/min and her filtration fraction (FF) is 0.2. After her previous
appointment, this patient was most likely started on a drug that has which of the following effects?

Answer

Image

A || Relaxation of urinary smooth muscle

Inhibition of the renal Na-K-Cl
cotransporter

C || Inhibition of vasopressin

D || Constriction of the afferent arteriole

E Constriction of the efferent arteriole
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Hint

The filtration fraction (FF) is the ratio of the glomerular filtration rate (GFR) to the renal plasma flow
(RPF). This patient's FF 1 month ago was 0.17 (100/588), meaning she was given a medication that
decreased her RPF and increased her FF.

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Correct Answer

A - Relaxation of urinary smooth muscle

Explanation Why

Relaxation of urinary smooth muscle would occur in the setting of anticholinergic therapy, which is
associated with urinary retention and potential subsequent postrenal AKI. In these rare cases, the
RPF would remain unchanged, whereas GFR and FF would decrease. This patient has not described
any complications with urinary retention. Moreover, her FF is increased, not decreased.

B - Inhibition of the renal Na-K-Cl cotransporter

Explanation Why

Inhibition of the renal Na-K-Cl cotransporter occurs when loop diuretics (e.g., furosemide) are
administered. GFR and RPF generally remain unaffected unless hypovolemia ensues, which would
lead to a compensatory response by the kidneys to maintain renal blood flow. This rare case would
manifest with an increased FF due to a stronger decline in RPF than in GFR. Even though this
patient's lab values reflect these changes, she does not exhibit any signs of hypovolemia.

C - Inhibition of vasopressin

Explanation Why

Inhibition of vasopressin can be seen in patients with extended lithium use, which is associated with
nephrogenic diabetes insipidus. These patients would present with free water loss and hypernatremia,
but renal flow and filtration parameters would remain unchanged.
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D - Constriction of the afferent arteriole

Explanation Why

Constriction of the afferent arteriole would cause a decline in RPF and GFR, while the FF would
remain unchanged, which is inconsistent with this patient's findings.

Image
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Explanation But

A decline in GFR is commonly seen in patients who are started on ACE inhibitors, which prevent
constriction of the efferent arteriole by decreasing angiotensin II levels. Therefore, patients with
prerenal failure should not be given ACEIs, as they would compromise the physiological response of
the kidneys in striving to maintain adequate GFR.
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Explanation Why

Constriction of the efferent arteriole increases hydrostatic pressure within the glomerulus, which
increases the GFR and reduces the RPF, thus resulting in an increased filtration fraction. This
mechanism explains why this patient's FF increased while her RPF decreased.
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Question # 20

A 1-year-old boy is brought to the physician for the evaluation of swelling around the eyelids. He was

born at term after an uncomplicated pregnancy. He is at the 9

percentile for weight and 6

percentile

for length. His blood pressure is 130/86 mm Hg. Physical examination shows an empty scrotal sac and a
left-sided abdominal mass. Ophthalmologic examination shows no abnormalities. Urinalysis shows
proteinuria of 3+ and fatty casts. Abdominal ultrasound shows a hypervascular mass at the upper pole of
the left kidney. Which of the following best describes the pathogenesis of this patient's disease?

Answer

Image

A || Inhibition of hypoxia-inducible factor 1a

B || Deficiency of 17a-hydroxylase

C || Increased expression of insulin-like growth factor 2

D || Deletion of a gene on chromosome 11

E || Point mutation of the WT1 gene

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Hint

An empty scrotal sac or male pseudohermaphroditism (due to gonadal dysgenesis), nephroblastoma
(hypervascular renal tumor of childhood), and symptoms of nephrotic syndrome (periorbital swelling,
weight gain, hypertension, proteinuria with fatty casts) are consistent with Denys-Drash syndrome.
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Correct Answer

A - Inhibition of hypoxia-inducible factor 1a

Explanation Why

Increased activity of hypoxia-inducible factor 1-a is seen in von Hippel-Lindau disease (VHL), a
condition that predisposes to the development of renal masses like pheochromocytoma and renal cell
carcinoma (RCC). Both pheochromocytoma and RCC can lead to hypertension, which is seen in this
patient. However, a hypervascular renal tumor in a 1-yr-old infant is more consistent with
nephroblastoma, which is not associated with VHL. Also, cryptorchidism and features of nephrotic
syndrome would not be expected. Instead, patients with VHL develop mucocutaneous and/or visceral

hemangiomas.

B - Deficiency of 17a-hydroxylase

Explanation Why

17a-hydroxylase deficiency can cause cryptorchidism in males and hypertension, which is seen here,
and a mass at the upper pole of the kidney (enlarged adrenal gland). However, both the adrenal
glands would be enlarged in 170-hydroxylase deficiency unlike this patient with a unilateral mass,
and features of nephrotic syndrome would not be expected.

C - Increased expression of insulin-like growth factor 2

Explanation Why

Beckwith-Wiedemann syndrome (BWS) is associated with increased expression of insulin-like
growth factor 2 due to a defect in the W72 gene on chromosome 11. Patients with BWS are typically
overweight and BWS can result in nephroblastoma, as seen here. However, cryptorchidism and
features of nephrotic syndrome would not be expected. Instead, features such as macroglossia, tall
stature or hemihypertrophy, and organomegaly would be present. This patient's condition is most
likely caused by a mutation in the W71 gene.
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D - Deletion of a gene on chromosome 11

Explanation Why

Deletion of the entire W71 gene on chromosome 11 leads to WAGR syndrome, which could account
for this patient's nephroblastoma, nephrotic syndrome, and cryptorchidism. However, aniridia, which
is characteristic of WAGR syndrome, has not been reported in this patient. The most likely cause of
this patient's condition is a point mutation rather than deletion of the W71 gene.

Explanation But

In Denys-Drash syndrome, early-onset nephrotic syndrome, which is caused by diffuse mesangial
sclerosis, often progresses to renal failure within 1-4 years.

Explanation Why

Denys-Drash syndrome is caused by a point mutation of the W7/ gene on chromosome 11, which
encodes a zinc finger transcription factor. This transcription factor is crucial for renal and genital
development and loss of function of the W71 gene would result in the symptoms described here.
WAGR syndrome, which is associated with a deletion of the WT1 gene, would present similarly but
the infant with WAGR would typically have aniridia on examination. Beckwith-Wiedemann
syndrome (BWS) is another cause of nephroblastoma. However, BWS is caused by a mutation on the
WT2 gene and is not associated with cryptorchidism or nephrotic syndrome.
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Question # 21

A 56-year-old woman is brought to the emergency department because of a 2-day history of fever, chills,
nausea, and flank pain. She has multiple sclerosis and a chronic indwelling bladder catheter for
neurogenic bladder dysfunction. One week ago, she was discharged from the hospital after treatment for
a multiple sclerosis flare. Her temperature is 39.3°C (102.8°F). Physical examination shows marked
tenderness in the right costovertebral area. Urine cultures grow a non-lactose fermenting,
oxidase-positive, gram-negative rod. The causal organism of this patient's current condition most likely
produces which of the following substances?

Answer Image

A || Lipoteichoic acid

B || K capsule
C || Urease
D || Toxin B

E | Pyoverdine
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Hint

This patient most likely has a urinary tract infection (UTI) caused by Pseudomonas aeruginosa. This
non-lactose fermenting, oxidase-positive, gram-negative rod is a common cause of nosocomial UTTs,
especially in patients with chronic indwelling catheters.
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Correct Answer

A - Lipoteichoic acid

Explanation Why

Lipoteichoic acid is a surface protein found exclusively in the cell walls of gram-positive bacteria.
However, Gram staining of this patient's urine showed a gram-negative rod.

B - K capsule

Explanation Why

K capsule is a cell surface antigen specific to Escherichia coli. E. coli is a gram-negative rod and the
most common cause of nosocomial urinary tract infections, which makes it a reasonable
consideration given this patient's treatment history. However, E. coli is a lactose-fermenting
bacterium, whereas the causative organism of this patient's UTI is non-lactose fermenting.

C - Urease

Explanation Why

Urease-producing organisms include Proteus spp., Ureaplasma spp., Nocardia spp., Cryptococcus
spp., Helicobacter pylori, Bacteroides spp., S. epidermidis, and S. saprophyticus. However,
Pseudomonas aeruginosa, the causative organism of this patient's urinary tract infection, does not
produce urease.
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D - Toxin B

Explanation Why

Toxin B is produced by Clostridioides difficile, a gram-positive rod that causes diarrhea and
pseudomembranous colitis. C. difficile is not associated with urinary tract infection. Furthermore,
this patient's urine culture revealed a gram-negative rod.

Explanation Why

Pyoverdine is a pigment produced by some species of Pseudomonas, including Pseudomonas
aeruginosa, that acts mainly as an iron-chelating agent (siderophore). Together with pyocyanin,
pyoverdine serves as an essential virulence factor of this bacterium, ensuring its survival and
proliferation in iron-deficient conditions, regulating the production of other virulence factors, and
supporting the development of biofilms.
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Question # 22

A male newborn is delivered at term to a 30-year-old woman. Pregnancy and delivery were

uncomplicated. At birth, the umbilical cord is noted to be large. When the newborn cries, straw-colored
fluid leaks from the umbilicus. The external genitalia appear normal. Which of the following is the most

likely cause of this newborn's symptoms?

Answer

Image

Abnormal fusion of the urethral
folds

B Failed closure of the vitelline duct

Failed obliteration of an allantoic
remnant

Infection of the umbilical cord
stump
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Answer

Image

Incomplete closure of the lateral
E
folds

Omphalocele

Gastroschisis

Umbilical hernia Diastasis recti

Malformation of the medial
umbilical ligament

Postnatal circulation
w o
= =
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{obliterated ductus arteriosus)
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(obliterated left umbilical vein)
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Common liac artery
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Hint

This newborn has a patent urachus, which typically manifests with a large umbilical cord at birth and
drainage of urine from the umbilicus.

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Correct Answer

A - Abnormal fusion of the urethral folds

Image

Explanation Why

Abnormal fusion of the urethral folds is the cause of hypospadias, in which the external urethral
meatus is incorrectly positioned (either along the penile shaft or on the scrotum or perineum).
Although this newborn is a boy, his external genitalia are normal on examination, ruling out the

diagnosis of hypospadias.

B - Failed closure of the vitelline duct

Explanation But

Meckel diverticulum is another manifestation of failed vitelline duct obliteration involving only
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partial failure of the duct to close. In this case, the still open part of the duct remains attached to the
ileum, with all bowel wall layers present (true diverticulum). However, problematic Meckel
diverticula do not typically occur in newborns and would rather manifest with painless lower
gastrointestinal bleeding rather than leakage of urine from the umbilicus.

Explanation Why

Complete failure of the vitelline duct to obliterate would lead to a vitelline fistula. In vitelline fistula,
the patent vitelline duct enables direct communication between the intestine and the umbilicus,
which then leaks meconium. While a vitelline fistula could potentially result in an enlarged umbilical
cord, it would not be expected to cause the leakage of urine seen here.

Explanation But

Other urachal abnormalities include urachal cysts and vesicourachal diverticula. Neither of these,
however, typically present with leakage of urine from the umbilicus.

Explanation Why

Failed obliteration of the urachus, an allantoic remnant, is the most likely cause of this newborn's
symptoms. The urachus is an embryonic structure that allows free communication between the
bladder and yolk sac, facilitating early drainage of the urinary bladder. It normally involutes in utero
to form the median umbilical ligament. Failure of involution results in congenital urachal
abnormalities, including patent urachus, in which urine flowing through the still open urachus causes
swelling of and leakage from the umbilicus, as seen here.
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D - Infection of the umbilical cord stump

Image

Explanation Why

Infection of the umbilical cord stump causes omphalitis, which manifests with purulent umbilical
discharge, periumbilical erythema, and edema, none of which are present here. The leakage of urine
from this newborn's umbilicus suggests another cause for his symptoms.

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

E - Incomplete closure of the lateral folds

Image

Omphalocele

Umbilical hernia Diastasis recti
Gastroschisis

Explanation Why

Incomplete closure of the lateral folds is the cause of omphalocele and gastroschisis, ventral
abdominal wall defects that would manifest with herniation of bowel contents either covered by
peritoneum (omphalocele) or not (gastroschisis). Although this newborn has a large umbilical cord
on examination, there is no evidence of herniated bowel contents or an abdominal wall defect.
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F - Malformation of the medial umbilical ligament

Image
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Explanation Why

Malformation of the medial umbilical ligament is not associated with any significant pathology. The

Postnatal circulation

" +

Ligamentum arteriosum
{obliterated ductus arteriosus)

Pulmonary veins

Foramen ovale {closed)
*— Lung (inflated)
Ligamentum venosum
{ohiiterated ductus venosus)

Ligamentum teres
(obliterated left umbilical vein)

Umbilical vessels (ligated)

Medial umbilical ligament

Common iliac artery
External iliac artery
Internal iliac artery

Umbilical artery, open portion
Artery to the ductus deferens &
Superior vesical artery

W High

medial umbilical ligaments are the paired remnants of the umbilical arteries that extend from the
pelvis to the umbilicus. These structures should not be confused with the median umbilical ligament,

which is the remnant of the urachus.

(umbilical artery, obliterated portion)
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Question # 23

A 56-year-old man undergoes a cystoscopy for the evaluation of macroscopic hematuria after falling
from a ladder. Yesterday, he slipped while cleaning his gutters and fell onto his right side. He says his
urination has been normal and painless. During the procedure, blood leakage from a slit-like opening
covered with a mucosal flap is visualized at the base of the trigone. Which of the following best
describes this structure?

Answer Image

A || Internal urethral orifice

B || Ejaculatory duct opening

Head -

Tunica albuginea -

Efferent ductules

C || Ureteric orifice

D || Diverticular opening
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Answer

Image

Prostatic utricle

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Hint

Recent history of flank trauma should raise concern for a parenchymal kidney injury as the cause of
hematuria.
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Correct Answer

Explanation Why

A - Internal urethral orifice

While the internal urethral orifice should be identified when performing a cystoscopys, it is a round
structure that lies at the apex of the trigone rather than the base. In addition, blood leakage from the
internal urethral orifice is not consistent with this patient's recent history of flank trauma.

Image

B - Ejaculatory duct opening

Bladder
Retropubic space
Pubic symphysis

Pubaprostatic ligament

Ureter

Rectovesical pouch

Seminal gland
Ejaculatory duct

Prostate

Bulbourethral gland

Head -
Tunica albuginea -

Efferent ductules

Ductus deferens il

! Mediastinum of testis

Epididymis
Glans penis ———

Prepuce/foreskin ——

Explanation Why

B
%. Lobules of testis with seminiferous tubules —/—/—-
(!
/I' Buody of epididymis -
Testis “——t Septa testis —— e
SEpta teshs - 7
_________________________________________________________ e
4/

Tail of epididymis

The ejaculatory duct openings are located in the prostatic part of the urethra, not at the base of the

!

o R 2
. L]

trigone like the structure described here. In addition, blood leakage from the ejaculatory duct opening
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is not consistent with this patient's recent history of flank trauma.

Image

fi I'i '{%ﬂ
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Urinary bladder, 1§
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urethra
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Explanation Why

The structure seen on cystoscopy is most likely a ureteric orifice. The ureters empty into the bladder
through paired openings at the dorsolateral aspect of the trigone, which is also referred to as the base
of the trigone. Normally, the ureteric orifices appear slit-like and are covered by a mucosal
membrane. In hematuria originating from the upper urinary tract (e.g., due to parenchymal kidney
injury, nephrolithiasis, or urothelial cancer), blood leakage from the ureteric orifice may be
visualized on cystoscopy.

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

D - Diverticular opening

Explanation Why

Bladder diverticula are usually located on the lateral wall of the bladder. They are often wide-
mouthed and do not have a mucosal fold covering their opening. Moreover, blood leakage from a
diverticular opening is not consistent with this patient's recent history of flank trauma.

E - Prostatic utricle

Explanation Why

The prostatic utricle is located in the prostatic part of the urethra, not at the base of the trigone like
the structure described here. Moreover, blood leakage from the prostatic utricle is not consistent with
this patient's history of flank trauma.
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Question # 24

A 52-year-old woman comes to the physician for a routine physical examination. She has type 2 diabetes
mellitus treated with metformin. Her blood pressure is 162/96 mm Hg. Treatment with a drug is
initiated. Two weeks later, the patient develops a dry cough and the drug is discontinued. The patient is
subsequently started on another drug. Which of the following is the most likely effect of this new
medication?

24-hour urine Peripheral vascular . Angiotensin
. . Renin Aldosterone
sodium resistance 11
A || Increased decreased increased decreased decreased
B || Increased decreased decreased || decreased decreased
C || Increased increased increased increased increased
D || Decreased decreased increased increased increased
E || Increased decreased increased increased decreased
Answer Image
|‘.
> £
D (A sin | [ An \y‘ I —of _L
i oua
Al A S |
\‘,‘Hl‘\‘.g\\ hypotonic —# \ R‘&‘luj .
Filtratior P
B || B
C | C
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Answer

Image
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Hint

ACE inhibitors, which have renoprotective effects, are typically the first-line antihypertensives for
patients with hypertension and diabetes mellitus. The patient developed a dry cough, which is a known
adverse effect of ACE inhibitor therapy. Patients who do not tolerate ACE inhibitors are usually started
on an angiotensin II receptor antagonist.
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Correct Answer

A-A

Image
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Increased perfusion of juxtaglomerular apparatus
Explanation Why

This combination of effects could be explained by treatment with ACE inhibitors (e.g., enalapril),
which inhibit the conversion of angiotensin [ to angiotensin I, resulting in low levels of angiotensin
II. Angiotensin II mediates sodium reabsorption in the proximal tubule, vasoconstriction, and
aldosterone release. Decreased activation of angiotensin Il receptors would, therefore, lead to an
increase in urinary sodium excretion, decreased vessel tone, and lower levels of aldosterone. The
combination of these effects lowers blood pressure. Treatment with ACE inhibitors would typically
lead to an increase in renin levels and renin activity due to a loss of negative feedback regulation.
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Explanation Why

This combination of effects could be explained by treatment with beta-1 blockers (e.g., metoprolol).
Beta-1 blockers inhibit the production and release of renin, which leads to suppression of the
downstream renin-angiotensin-aldosterone system (RAAS) components (i.e., angiotensin Il and
aldosterone) and, subsequently, mildly decreased vessel tone and increased urinary sodium excretion.

Explanation Why

This combination of effects could be explained by treatment with diuretics, which increase urine
sodium elimination and cause a transient increase in renin-angiotensin-aldosterone system (RAAS)
activity and peripheral vascular tone. Over time, the activity of the RAAS system and peripheral
vascular tone will decrease.

D-D

Explanation Why

This combination of effects could be explained by treatment with vasodilators such as hydralazine
and alpha-1 blockers (e.g., doxazosin), which directly decrease peripheral vessel tone, resulting in
lower blood pressure. Increased activation of the renin-angiotensin-aldosterone system would occur
as a compensatory response to maintain GFR resulting in increased renin, angiotensin II, and
aldosterone levels as well as decreased urinary sodium excretion.
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Explanation Why

Angiotensin II receptor antagonists (e.g., losartan, valsartan, candesartan) inhibit angiotensin II
receptors (AT receptors). Angiotensin II mediates sodium reabsorption in the proximal tubule,
vasoconstriction, and aldosterone release. Blocking of angiotensin II receptors, therefore, leads to an
increase in urinary sodium excretion, decreased peripheral vascular resistance, and lower levels of
aldosterone. The combination of these effects lowers blood pressure. To compensate for decreased
sodium and water reabsorption, the juxtaglomerular apparatus will release more renin, which will
subsequently increase the levels of both angiotensin I and angiotensin II. Meanwhile, bradykinin
levels are not affected, as ARBs have no effect on ACE, which metabolizes bradykinin. Therefore,
ARBs do not cause a dry cough as a side effect.
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Question # 25

An 11-year-old girl comes to the physician with her mother because of a 2-day history of passing
“cola-colored” urine. During the past week, her mother noticed episodes of facial swelling. The patient
had a rash on her face about 4 weeks ago. A renal biopsy after immunofluorescence is shown. Which of
the following is the most likely diagnosis?

Answer

Image

A || Poststreptococcal glomerulonephritis
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Answer

Image

Alport syndrome

Focal segmental sclerosis

Minimal change disease

IgA nephropathy

Membranous nephropathy

Membranoproliferative glomerulonephritis

Diffuse proliferative glomerulonephritis

Rapidly progressive glomerulonephritis
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Hint

This patient's renal biopsy specimen shows diffuse granular deposition on immunofluorescence, which
is characteristic of immune complex diseases.
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Correct Answer

Explanation Why

Poststreptococcal glomerulonephritis (PSGN) is an acute glomerular inflammation caused by the
deposition of immune complexes along the glomerular basement membrane and mesangium in
response to infection with nephritogenic strains of group A streptococci (GAS). PSGN classically
occurs in children 14 weeks after infection (e.g., impetigo) and manifests with periorbital (or
generalized) edema and gross hematuria (“cola-colored” urine), both of which are seen in this
patient. In addition, PSGN can also manifest with hypertension, azotemia, and proteinuria. Granular
deposits of IgG, IgM, and C3 create a characteristic “lumpy-bumpy” appearance on
immunofluorescence of a renal biopsy specimen.
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B - Alport syndrome

Explanation Why

Alport syndrome, a hereditary type of glomerulonephritis caused by a mutation in type IV collagen,
can manifest with gross hematuria (“cola-colored” urine) and facial edema, as seen in this patient.
However, this condition is most commonly inherited in an X-linked pattern, with females rarely
being affected. Moreover, Alport syndrome is characterized by additional features, such as
sensorineural deafness and multiple eye disorders (e.g., lens dislocation), as well as a positive family
history of kidney failure and hearing loss, none of which is present here. In addition,
immunofluorescence of a renal biopsy specimen would show an absence of type IV collagen rather
than the granular immune complex deposition seen here.

C - Focal segmental sclerosis

Explanation Why

Focal segmental glomerulosclerosis (FSGS) is the most common cause of nephrotic syndrome in
black and Hispanic populations as well as the most common cause of steroid-resistant nephrotic
syndrome in children. FSGS can be primary (i.e., idiopathic), secondary (e.g., associated with heroin
use, HIV or HBV infection, sickle cell disease), or genetic. This patient has had multiple episodes of
facial edema, which is consistent with this diagnosis; however, gross hematuria (“cola-colored”
urine) would be an unlikely finding in FSGS. In addition, immunofluorescence in FSGS is typically
unremarkable but may show IgM and C3 deposition within sclerotic lesions. It would not show the
diffuse granular appearance seen here.

D - Minimal change disease

Explanation Why

Minimal change disease (MCD) is the most common cause of nephrotic syndrome in childhood,
which can manifest with facial edema, as seen in this patient. MCD is thought to result from injury to
podocytes and is typically triggered by a recent infection or immunization in an otherwise healthy
child. However, the presence of gross hematuria (“cola-colored” urine) is inconsistent with this
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diagnosis. In addition, immunofluorescence of a renal biopsy specimen would show normal-
appearing glomeruli rather than the granular deposition seen here.

E - IgA nephropathy

Explanation Why

IgA nephropathy is a type of glomerulonephritis caused by the deposition of [gA immune complexes
in the mesangium. It is most common in children and young adults and can manifest with gross
hematuria (“cola-colored” urine) and facial edema, which are seen in this patient.
Immunofluorescence of a renal biopsy specimen typically shows granular deposition in the
mesangium (mostly IgA). However, hematuria due to IgA nephropathy usually occurs concurrently
with nonspecific respiratory, or less commonly, gastrointestinal or urinary tract infections. This
patient instead presents in the postinfectious period, 4 weeks after having a rash, suggesting another
diagnosis.

F - Membranous nephropathy

Explanation Why

Membranous nephropathy (MN) is a common cause of nephrotic syndrome in white adults. Renal
biopsy specimens in patients with MN typically show immune complex deposits (mostly IgG and
C3) on immunofluorescence, which are seen here. MN rarely manifests in childhood; however, when
children are affected, the most common associations include hepatitis B infection and autoimmune or
thyroid disease, none of which is present in this patient. Although MN can manifest with facial
edema, gross hematuria (“cola-colored” urine) would be an unlikely finding. Moreover, this patient's
recent rash suggests another diagnosis.

G - Membranoproliferative glomerulonephritis

Explanation Why

Membranoproliferative glomerulonephritis (MPGN), a rare glomerular disease that most commonly
appears in childhood and early adulthood, often manifests with both nephritic and nephrotic
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syndrome. Based on immunofluorescence examination, there are two major types of MPGN.
Immunoglobulin-mediated MPGN (type I), which is often secondary to hepatitis B or hepatitis C
infection, typically involves granular deposition along the glomerular basement membrane and
mesangium, as seen in this patient's biopsy. Immunofluorescence microscopy of complement-
mediated MPGN (type II) typically shows C3 deposition in the glomerular capillary wall, but no
granular pattern. Although both types of MPGN can manifest with gross hematuria (“cola-colored”
urine) and facial edema, the patient's recent rash suggests another diagnosis.

H - Diffuse proliferative glomerulonephritis

Explanation Why

Diffuse proliferative glomerulonephritis (DPGN), which is most commonly caused by systemic
lupus erythematosus (SLE) and other autoimmune conditions, often manifests with both nephritic
and nephrotic syndrome. In SLE-associated DPGN, granular depositions are typically seen on
immunofluorescence (staining positive for IgG, IgA, IgM, C3, C4, and Clq, the “full-house”
pattern). SLE can manifest with a facial rash, and, in the case of renal involvement, gross hematuria
(“cola-colored” urine) and facial edema. However, this patient lacks other typical symptoms of SLE
(e.g., fever, fatigue, arthritis), making this diagnosis unlikely.

I - Rapidly progressive glomerulonephritis

Explanation Why

Rapidly progressive glomerulonephritis (RPGN) is characterized by quickly deteriorating renal
function and can manifest with gross hematuria (“cola-colored” urine) and facial edema, which are
seen here. The various etiologies of RPGN are typically distinguished with immunofluorescence.
Although immune complex-mediated RPGN (e.g., lupus nephritis, Henoch-Schonlein purpura)
shows granular deposits on immunofluorescence, as seen in this patient's renal biopsy, further
symptoms such as fatigue, decreased urine output, and flank pain would be expected in a patient with
RPGN.
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Question # 26

A 21-year-old woman is brought to the emergency department because of the sudden onset of left-sided
back pain with radiation to the groin that began 2 hours ago. She has had similar episodes in the past.
Her pulse is 103/min. Examination shows a soft and non-tender abdomen. Left costovertebral angle

tenderness is present. Leukocyte count is 11,000/mm3. Urine dipstick is positive for blood and a urinary
cyanide nitroprusside test is positive. An x-ray of the abdomen shows no abnormalities. Further

evaluation of this patient's urine is most likely to show which of the following?

E || Hexagon-shaped crystals

Answer Image
A || pHof 7.8
B || Urease-producing bacteria
C || Low citrate concentration
D || High uric acid concentration
NG
Y
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Hint

Flank pain radiating to the groin with costovertebral angle tenderness suggests nephrolithiasis. Recurrent
radiolucent nephrolithiasis in a young adult with a positive urine cyanide nitroprusside test is consistent
with cystinuria.
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Correct Answer

A-pHof 7.8

Explanation Why

A urinary pH of 7.8 indicates alkaline urine, which is an important pathophysiological feature of
calcium phosphate stones and struvite stones. While these stones can also manifest with episodic
back pain, they are both radiopaque and would thus be seen on x-ray. Moreover, this young,
otherwise healthy patient does not have significant risk factors for the development of alkaline urine,
e.g., diuretic use or a urinary tract infection.

B - Urease-producing bacteria

Explanation Why

Urinary tract infection due to urease-producing bacteria (e.g., Proteus mirabilis) is associated with
the formation of struvite stones, which form as a result of the bacteria's urease activity and the
subsequent increase in ammonia concentration in the urine. Struvite stones are classically radiopaque
and thus would appear on x-ray. Moreover, in the case of struvite stones, a positive urine cyanide
nitroprusside test would not be expected.

C - Low citrate concentration

Explanation Why

Hypocitraturia is associated with the formation of calcium oxalate stones, the most common type of
stone seen in nephrolithiasis, as well as calcium phosphate stones. Calcium stones are virtually
always radiopaque, whereas this patient has a stone that is not visualized on x-ray. Cystinuria is not
associated with low urinary citrate levels.

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

D - High uric acid concentration

Explanation Why

Hyperuricosuria would be expected with uric acid nephrolithiasis, which characteristically appears as
rhomboid or needle-shaped crystals in the urine. Uric acid stones are classically radiolucent on x-ray
and develop as a result of increased serum uric acid levels. Risk factors include Lesch-Nyhan
syndrome, a history of gout, and tumor lysis syndrome. Cystinuria is not associated with increased
urine uric acid concentration.

Image

5 ym
—

Explanation Why

Hexagon-shaped crystals on urinalysis would be consistent with cystine stones caused by cystinuria.
Cystinuria is due to a hereditary defect in both intestinal and renal amino acid transporters, which
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leads to impaired reabsorption of cystine (in addition to ornithine, arginine, and lysine) in the renal
proximal convoluted tubule and subsequent precipitation of cystine stones. Cystine stones are only
poorly radiopaque and often do not appear on x-ray. The positive urine cyanide nitroprusside test in
this patient confirms the diagnosis.
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Question # 27

A 68-year-old man comes to the physician because of a 1-week history of difficulty with urination. Two
weeks ago, he was hospitalized for treatment of a cerebrovascular accident; his symptoms began after he
was discharged. His vital signs are within normal limits. Neurologic examination shows mild dysarthria,
right facial droop, and right hemiparesis. Rectal examination shows a normal prostate. The patient
produces 70 mL of urine for a sample. Placement of a Foley catheter yields an additional 500 mL of

urine. Which of the following is the most appropriate pharmacotherapy for this patient?

Answer

Image

A || Alpha-1 receptor antagonist

B || Muscarinic agonist

C || Muscarinic antagonist

D || Alpha-1 receptor agonist

E || 5-alpha-reductase inhibitor
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Hint

Drugs in this pharmacologic class are also used to treat Alzheimer disease and glaucoma.
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Correct Answer

A - Alpha-1 receptor antagonist

Explanation Why

Alpha-1 receptor antagonists (e.g., tamsulosin) are medications commonly used to treat individuals
with voiding difficulties caused by benign prostatic hyperplasia (BPH). Since DRE has ruled out
BPH, treatment with alpha-1 blockers would not benefit this patient.

Explanation Why

Muscarinic agonists, such as bethanechol, are parasympathomimetics used for a wide range of
conditions, including neurogenic bladder, which is likely what this patient has given his recent stroke
and high post-void residual urine volume, and postoperative ileus. Both direct
parasympathomimetics and indirect parasympathomimetics relax the internal urethral sphincter and
increase bladder contraction, thereby facilitating voiding and improving symptoms of urinary
retention.

C - Muscarinic antagonist

Explanation Why

Muscarinic antagonists are medications indicated for a wide range of conditions, including lower
urinary tract symptoms such as frequency, urgency, and incontinence. Since muscarinic antagonists
decrease bladder contractility and increase urethral sphincter tone, they would worsen this patient's
voiding difficulties and are therefore contraindicated.
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D - Alpha-1 receptor agonist

Explanation Why

Alpha-1 receptor agonists are most commonly used to treat shock, hypotension, and congestion.
Since they also stimulate the contraction of the urethral sphincter and prostatic smooth muscle cells,
they can also be used to treat urinary incontinence. In this patient, alpha-1 receptor agonists would
worsen urinary retention and are therefore contraindicated.

E - 5-alpha-reductase inhibitor

Explanation Why

S-alpha-reductase inhibitors such as finasteride reduce the size of the prostate gland in patients with
benign prostatic hyperplasia (BPH). While BPH also often presents with difficulty voiding, this
patient does not show an enlarged prostate on DRE and would therefore not benefit from this
treatment.
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Question # 28

A previously healthy 45-year-old man is brought to the emergency department after being found by a

search and rescue team in the mountains. He has been without food or water for 30 hours. His
temperature is 37°C (98.6°F), pulse is 123/min, respirations are 20/min, and blood pressure is
90/55 mm Hg. Physical examination shows decreased skin turgor and dry mucous membranes.

Evaluation of this patient's urine before treatment is initiated is most likely to show which of the

following?

Answer

Image

High
urine urea
A || with
granular
casts

Low urine
sodium

B | and low
urine
osmolality

Low urine
sodium

C || with
hyaline
casts
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Answer

Image

High
urine
protein
with fatty
casts

Low urine
osmolality
with RBC
casts
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Hint

This patient has a history and exam findings (hypotension, tachycardia, decreased skin turgor, and dry
mucous membranes) that suggest severe dehydration. His laboratory findings will reflect physiologic
renal mechanisms to maximize water retention.
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Correct Answer

A - High urine urea with granular casts

Explanation Why

High urine urea can be seen in patients with gout and tumor lysis syndrome, while granular casts are
characteristic of tubulointerstitial diseases such as acute tubular necrosis. This patient, however,
shows signs of severe dehydration and has no history of conditions that manifest with high urine
urea, nor does he have any predisposing factors for tubulointerstitial disease (e.g., drug toxicity,
metabolic disease, or hematologic malignancies). Prolonged hypovolemia can precipitate ATN, but
this is unlikely given the timeline of this patient's history (30 hours).

B - Low urine sodium and low urine osmolality

Explanation Why

Low urine sodium and low urine osmolality would be seen with diabetes insipidus. DI is
characterized by the inability to concentrate urine due to insufficient levels of antidiuretic hormone
or impaired renal response to ADH, thereby limiting water reabsorption in the renal convoluted
tubule. Although diabetes insipidus can lead to severe dehydration in situations of low water intake,
this diagnosis seems unlikely here given the absence of preceding symptoms such as polyuria,
nocturia, and history of polydipsia.
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Image

Explanation Why

Hyaline casts are a nonspecific finding that may be seen in healthy individuals under normal
conditions but are often present in patients with oliguria due to hypovolemia. Low sodium
concentration in urine is also likely to be observed in this patient because dehydration activates the
RAAS, which releases aldosterone from the adrenals to increase sodium reabsorption in the
collecting ducts. This mechanism enables passive water reabsorption, which increases intravascular
volume.

D - High urine protein with fatty casts

Explanation Why

High urine protein and fatty casts would be suggestive of nephrotic syndrome. In nephrotic
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syndrome, structural damage of the glomerular filtration barrier leads to massive proteinuria and
lipiduria. This patient, however, shows signs of severe dehydration, which is not associated with
nephrotic syndrome.

E - Low urine osmolality with RBC casts

Explanation Why

Low urine osmolality and RBC casts in the urine sediment would be suggestive of nephritic
syndrome. This patient, however, shows signs of severe dehydration and high urine osmolality would
be expected, due to antidiuretic hormone (ADH) release from the posterior pituitary to increase water
reabsorption in the distal tubules and collecting ducts.
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Question # 29

A 2-year-old boy is brought to the physician because of decreased appetite and abdominal pain for the
last several weeks. Physical examination shows a palpable left-sided abdominal mass that does not cross
the midline. A CT scan of the abdomen shows a large, necrotic tumor on the left kidney. Histological
examination of the kidney mass shows primitive blastemal cells and immature tubules and glomeruli.
This tissue is most likely derived from the same embryological structure as which of the following?

Answer Image

A || Carotid body

B Adrenal medulla

C || Thyroid gland

D || Papillary muscle

E || Anterior pituitary

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Hint

Nephroblastoma (Wilms tumor) is a tumor comprised of renal progenitor cells, including
rhabdomyoblasts. Embryologically, the kidneys derive from the mesoderm.
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Correct Answer

A - Carotid body

Explanation Why

The carotid body contains cells derived from the neural crest. Neural crest cells form specialized
structures, such as the sympathetic ganglia, the adrenal medulla, and melanocytes. This patient's
tumor is derived from renal progenitor cells, not neural crest cells.

B - Adrenal medulla

Explanation But
The adrenal cortex is derived from mesoderm.
Explanation Why

The adrenal medulla is derived from neural crest cells. Neural crest cells originate from the
neuroectoderm and give rise to structures of the PNS (e.g., ganglia, cranial nerves, Schwann cells),
and other cells such as melanocytes and odontoblasts. Renal progenitor cells that form the tumor in
this patient are not derived from neural crest cells.

C - Thyroid gland

Explanation Why

The thyroid gland parenchyma consists of follicular cells and parafollicular cells (C cells), which are
derived from endodermal cells of the floor of the pharynx. The endoderm also gives rise to the
pharyngeal pouches, the epithelium of the stomach and intestine, and the pancreas, liver, and
gallbladder. Renal progenitor cells that form the tumor in this patient are not derived from the
endoderm.
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Explanation But

Formation of the aorticopulmonary septum from the truncus arteriosus and bulbus cordis, and thus
the development of the aorta and pulmonary trunks, involves caudal migration of the neural crest
cells.

Explanation Why

The papillary muscles of the heart are derived from the mesoderm. The mesoderm is the embryonic
progenitor of all muscle (cardiac muscle, smooth muscle, and skeletal muscle) as well as of the
kidneys, ureters, vessels, bone, cartilage, and many cells of the reproductive system. This patient's
nephroblastoma is a tumor of renal progenitor cells.

E - Anterior pituitary

Explanation Why

The anterior pituitary gland originates from the surface ectoderm. The surface ectoderm is a germ
layer derived from the ectoderm. It gives rise to the epidermis, hair, nails, inner ear, external ear,
tooth enamel, eye lens, anterior pituitary, parotid gland, and anal canal (below the pectinate line).
This patient's tumor histology indicates the embryological source as primitive renal cells, which are
not derived from the ectoderm.
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Question # 30

A 67-year-old man comes to the physician because of urinary frequency, dysuria, and blood in his urine.
He has also had a 4.5-kg (10-1b) weight loss over the past 3 months and has been feeling more fatigued
than usual. He smoked one pack of cigarettes daily for 40 years but quit 2 years ago. A urinalysis shows
3+ blood. Cystoscopy shows an irregular mass on the bladder wall; a biopsy is taken. Which of the

following histologic findings would indicate the worst survival prognosis?

Answer

Image

A || Dysplastic cells extending into the lamina propria

B || Nests of atypical cells in the urothelium

C || Friable urothelium with ulcerations

D || Disordered urothelium lined with papillary fronds

E || Tubular glands with mucin secretions
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Hint

Hematuria, dysuria, polyuria, and weight loss in a patient with significant tobacco use history should
raise concern for bladder cancer. In patients with bladder cancer, tumor staging is the most important
factor in determining prognosis.
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Correct Answer

Explanation Why

Dysplastic cells extending into the lamina propria indicate an invasive tumor (T1 stage), which
carries a worse prognosis than a tumor that does not invade the lamina propria (Tis or tumor in situ).
Bladder cancer is most common in men > 65 years and in those who have a history of nicotine abuse
or exposure to carcinogens (e.g., aniline dye, azo dye, heavy metals). It usually presents with gross
hematuria with irritative voiding symptoms, both of which are seen in this patient. Invasive tumors
must be resected.

B - Nests of atypical cells in the urothelium

Explanation Why

Nests of atypical cells in the urothelium indicate that the cancer is localized on (or near) the bladder
surface. This finding is consistent with carcinoma in situ (stage: Tis or tumor in situ). Such tumors
are most frequently low-grade intraepithelial neoplasias and have a more promising prognosis
compared to those with the other listed histological changes.

C - Friable urothelium with ulcerations

Explanation Why

Friable urothelium with ulcerations is a nonspecific finding that is frequently observed as a urothelial
reactive change (reactive atypia) in a chronic inflammatory setting such as chronic cystitis.
Regardless of the specific etiology, these cytologic and architectural abnormalities generally
represent a benign process, which does not have a significant effect on survival.
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D - Disordered urothelium lined with papillary fronds

Explanation Why

Disordered urothelium lined with papillary fronds indicates a superficial neoplasm that has not
spread to deeper layers (stage: Ta). Non-invasive papillary carcinoma has a high risk of recurrence
but the recurrent tumors are most often of similar stage and grade. A different histological change
would carry a worse survival prognosis.

E - Tubular glands with mucin secretions

Explanation Why

Tubular glands with mucin secretions indicate glandular differentiation, which is a feature of
adenocarcinoma, a rare bladder tumor. These neoplasms are typically already at an advanced stage
(e.g., with pelvic node involvement) on presentation. When comparing patients with
adenocarcinomas and urothelial carcinomas of the same stage, the survival rates are similar.
Adenocarcinoma itself is not a poor prognostic factor.
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Question # 31

A 52-year-old woman comes to the emergency department because of a 3-hour history of right flank
pain and nausea. Her only medication is a multivitamin. Her vital signs are within normal limits.
Physical examination shows tenderness in the right costovertebral angle. Urinalysis shows a pH of 5.1,
50-60 RBC/hpf, and dumbbell-shaped crystals. Which of the following best describes the composition
of the crystals seen on urinalysis?

Answer

A || Magnesium ammonium phosphate

B Calcium oxalate

C || Calcium phosphate

D || Cystine
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Answer

Image

Ammonium urate
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Hint

This is the most common type of kidney stone.
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Correct Answer

A - Magnesium ammonium phosphate

Image

Explanation Why

Magnesium ammonium phosphate kidney stones (struvite stone), which are typically caused by
infection with urease-producing organisms (e.g., Proteus mirabilis, Klebsiella, Staphylococcus),
would be associated with alkaline urine and coffin-lid shaped crystals on urinalysis.
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Explanation Why

Calcium oxalate stones, which are the most common type of renal stones, are radioopaque and
associated with envelope- or dumbbell-shaped crystals on urinalysis. Risk factors for calcium oxalate
stones include acidification of urine (e.g., excessive vitamin C intake), hypocitraturia (also often
associated with decreased urine pH), hyperoxaluria due to excessive dietary intake of vegetables
containing oxalate (e.g. beets, beans, spinach), gastrointestinal malabsorption (e.g., Crohn disease),
and ethylene glycol poisoning. This patient's consumption of multivitamin tablets could have
contributed to the development of a calcium oxalate stone. Small calcium oxalate stones can be
treated medically with potassium citrate (to alkalinize the urine and increase urinary citrate), thiazide
diuretics (to decrease calcium excretion in urine), and a low-sodium diet (to increase sodium and
calcium reabsorption in the proximal convoluted tubule).
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C - Calcium phosphate

Explanation Why

Calcium phosphate stones are typically associated with alkaline urine pH and wedge-shaped prism
crystals on urinalysis, unlike this patient with acidic urine and dumbbell-shaped crystals.

D - Cystine

Explanation Why

Acidic urine pH is a risk factor for cystine stones, which typically occurs in patients with cystinuria.
However, the onset of urolithiasis with cystinuria usually occurs during childhood and patients with
cystine stones would have hexagonal crystals on urinalysis.

E - Ammonium urate

Explanation Why

Ammonium urate stones are typically associated with neutral or alkaline urine pH and spherical
bodies with irregular protrusions on urinalysis, unlike this patient with acidic urine and dumbbell-
shaped crystals.
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Question # 32

A 25-year-old woman comes to the physician because of a 2-day history of a burning sensation when

urinating and increased urinary frequency. She is concerned about having contracted a sexually

transmitted disease. Physical examination shows suprapubic tenderness. Urinalysis shows a negative
nitrite test and positive leukocyte esterases. Urine culture grows organisms that show resistance to
novobiocin on susceptibility testing. Which of the following is the most likely causal organism of this

patient's symptoms?

Answer

Image

Staphylococcus
epidermidis

Pseudomonas
aeruginosa

Klebsiella
pneumoniae

D || Proteus mirabilis

Staphylococcus
saprophyticus

Marphology
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Answer

Image

Escherichia coli

Enterococcus
faecalis
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Hint

This young, sexually active woman presents with features of uncomplicated urinary tract infection. The
negative nitrite test indicates infection with a pathogen that does not produce nitrate reductase.

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Correct Answer

A - Staphylococcus epidermidis

Explanation Why

Staphylococcus epidermidis is a gram-positive, coagulase-negative coccus that is part of the natural
flora of the skin. This organism is commonly found in infections associated with foreign bodies (e.g.,
vascular catheters, prosthetic joints) but rarely causes urinary tract infections. Moreover, S.
epidermidis is novobiocin sensitive, unlike the organism found in this patient's urine culture.

B - Pseudomonas aeruginosa

Explanation Why

Pseudomonas aeruginosa is a gram-negative rod that can occasionally cause urinary tract infections.
However, this patient's urinalysis was negative for nitrite, which indicates an organism that cannot
convert urinary nitrate to nitrite. This makes infection with P_aeruginosa unlikely because this
bacterium expresses the enzyme nitrate reductase, which can convert nitrate to nitrite. Moreover, P.
aeruginosa may cause urinary tract infections in immunocompromised or hospitalized patients, but is
less likely to do so in an otherwise healthy, young woman with no history of recent hospitalization.

C - Klebsiella pneumoniae

Explanation Why

Klebsiella pneumoniae is a gram-negative rod that can occasionally cause urinary tract infections.
However, this patient's urinalysis was negative for nitrite, which indicates an organism that cannot
convert urinary nitrate to nitrite. This makes infection with K. pneumoniae unlikely because this
bacterium expresses the enzyme nitrate reductase, which can convert nitrate to nitrite. Moreover, K.
pneumoniae may cause urinary tract infections in immunocompromised or hospitalized patients, but
is less likely to do so in an otherwise healthy, young woman with no history of recent hospitalization.
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D - Proteus mirabilis

Explanation Why

Proteus mirabilis is a gram-negative rod that can occasionally cause urinary tract infections.
However, this patient's urinalysis was negative for nitrite, which indicates an organism that cannot
convert urinary nitrate to nitrite. This makes infection with P_mirabilis unlikely because this
bacterium expresses the enzyme nitrate reductase, which can convert nitrate to nitrite.

Image
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Explanation Why

Staphylococcus saprophyticus is a gram-positive, coagulase-negative coccus resistant to novobiocin,
which is consistent with the organism found in this patient's urine culture. Resistance to novobiocin
can be used to distinguish this pathogen from other coagulase-negative staphylococci. S.
saprophyticus 1s the second most common cause of urinary tract infections in young, sexually active
women.

F - Escherichia coli

Explanation Why

Escherichia coli is a gram-negative rod that is the most common overall cause of urinary tract
infections across all ages. However, this patient's urinalysis was negative for nitrite, which indicates
an organism that cannot convert urinary nitrate to nitrite. This makes infection with E. coli unlikely
because this bacterium expresses the enzyme nitrate reductase, which can convert nitrate to nitrite.

G - Enterococcus faecalis

Explanation Why

Enterococcus faecalis is a gram-positive, catalase-negative coccus associated with urinary tract
infections, particularly nosocomial infections. While a nitrite negative urinalysis is consistent with £.
faecalis (which does not express nitrate reductase), it would be an unlikely causative agent in this
otherwise healthy young woman with no history of recent hospitalizations.
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Question # 33

A laboratory technician processes basic metabolic panels for two patients. Patient A is 18 years old and
patient B is 83 years old. Neither patient takes any medications regularly. Serum laboratory studies

show:
Patient A | Patient B
Na+ (mEq/L) 145 141
K+ (mEq/L) 3.9 4.4
Cl- (mEq/L) 103 109
HCO3- (mEq/L) || 22 21
BUN (mg/dL) 18 12
Cr (mg/dL) 0.8 1.2
Glucose (mg/dL) || 105 98

Which of the following most likely accounts for the difference in creatinine seen between these two

patients?

Answer

Image

A || Low iron intake

B || Low bone mineral density

C Insulin resistance

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Answer

Image

Normal aging

High serum aldosterone levels

Volume depletion

High salt diet

Low body mass index
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Hint

Patient B has an elevated creatinine compared to patient A.
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Correct Answer

A - Low iron intake

Explanation Why

Iron deficiency anemia is a complication of CKD but low iron intake alone is not known to cause
CKD or creatinine elevation. Low iron intake would not explain patient B's elevated creatinine.

B - Low bone mineral density

Explanation Why

Low bone mineral density is likely given patient B's age. However, kidney function would be
unaffected by osteoporosis.

C - Insulin resistance

Explanation Why

Chronic type 2 diabetes mellitus, which is characterized by insulin resistance, can lead to CKD and
elevated creatinine. However, patient B's normal serum glucose makes insulin resistance an unlikely
cause of her creatinine elevation.

Explanation Why

Glomerular filtration rate declines with age, causing an increase in serum creatinine as seen in our
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83-year-old patient. The other lab values are within the normal range for both patients. Age-related
changes in serum creatinine must be taken into consideration when interpreting results for renal
function monitoring.

E - High serum aldosterone levels

Explanation Why

Hyperaldosteronism does not directly cause increased serum creatinine. Instead, it can cause
hypertension and electrolyte abnormalities (e.g., hypokalemia). Chronic secondary hypertension
could indirectly lead to chronic kidney disease and increased serum creatinine levels but this is
unlikely given patient B's otherwise normal metabolic panel and absence of any medications.

F - Volume depletion

Explanation Why

Volume depletion can cause dehydration or, if severe enough, acute kidney injury, which would
result in an increase of serum creatinine as well as the concentration of other electrolytes, especially
sodium and BUN. Patient B's normal electrolytes and normal BUN/Cr ratio, however, make a
different etiology more likely.

G - High salt diet

Explanation Why

A high salt diet can exacerbate hypertension, which can lead to chronic kidney disease manifesting
with increased serum creatinine levels. However, a high salt diet alone would not directly affect the
creatinine and patient B's lack of any medication use argues against chronic essential hypertension as
an etiology of the increased creatinine.
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H - Low body mass index

Explanation Why

Serum creatinine is a product of muscle breakdown and is expected to be lower in individuals with a
lower BMI. A low BMI would not explain the elevation of creatinine seen in patient B.
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Question # 34

A 78-year-old man dies suddenly from complications of acute kidney failure. An autopsy is performed
and microscopic evaluation of the kidneys shows pale, swollen cells in the proximal convoluted tubules.
Microscopic evaluation of the liver shows similar findings. Which of the following is the most likely

underlying mechanism of these findings?

Answer

Image

A || Cytochrome C release

B || Impaired Na+/K+-ATPase pump activity

C || Cytoplasmic triglyceride accumulation

D || Double-stranded DNA breakage

E Free radical formation
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Hint

Pale and swollen cells suggest hydropic degeneration, one of the first microscopic signs of tissue
hypoxia.
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Correct Answer

A - Cytochrome C release

Explanation Why

The release of cytochrome C from the inner mitochondrial membrane into the cytoplasm is part of
the intrinsic pathway of apoptosis. Histologic findings associated with apoptosis include cell
shrinkage (rather than cell swelling), pyknosis, karyorrhexis, deeply eosinophilic cytoplasm, and
basophilic nucleus on microscopic examination. Prolonged tissue hypoxia and irreversible cell injury
can lead to apoptosis, but the microscopic findings seen here are more characteristic of a different
mechanism.

Explanation Why

Hydropic degeneration refers to the pale, swollen cells seen on light microscopy in response to tissue
hypoxia. Tissue hypoxia (in this case, likely due to impaired renal perfusion, given the history of
acute kidney injury) leads to a decrease in ATP production in the affected tissue, which impairs the

cellular Na' /K -ATPase pump, which is dependent on ATP. As a result, Na® (and water) accumulate
in the cell, leading to cell swelling as seen here. This process can potentially be reversible if the
hypoxia resolves, but prolonged hypoxia results in irreversible cell damage and apoptosis. The
proximal convoluted tubules are especially sensitive to tissue hypoxia and are often the first cells
affected in states of decreased blood flow.

C - Cytoplasmic triglyceride accumulation

Explanation Why

Accumulation of cytoplasmic triglycerides in the liver is seen with hepatic steatosis. Hepatic
steatosis does not cause acute kidney failure, and, unlike this patient's microscopic findings, the
triglycerides would manifest as vacuoles in the hepatocytes.
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D - Double-stranded DNA breakage

Explanation Why

Breaks in double-stranded DNA typically occur due to ionizing radiation and are
apoptosis-triggering lesions. Therefore, the morphological changes would be much more likely to
include cell shrinkage (rather than cell swelling), pyknosis, karyorrhexis, deeply eosinophilic
cytoplasm, and basophilic nucleus.

E - Free radical formation

Explanation Why

Free radical formation leads to cell damage via various mechanisms (e.g., membrane lipid
peroxidation, protein modification, DNA breakage) and can occur in response to radiation exposure,
drug metabolism, redox reactions, and inflammation. Unlike this patient's findings, the histological
findings seen in free radical injury typically consist of shrunken, necrotic cells rather than the
swollen cells seen here.
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Question # 35

A 48-year-old woman comes to the physician for a follow-up examination. Six months ago, she was
diagnosed with overactive bladder syndrome and began treatment with oxybutynin. She continues to
have involuntary loss of urine with sudden episodes of significant bladder discomfort that is only
relieved by voiding. A substance is injected into the detrusor muscle to treat her symptoms. The
physician informs the patient that she will have transitory relief for several months before symptoms
return and will require repeated treatment. The injected substance is most likely produced by an
organism with which of the following microbiological properties?

Answer Image

Gram-negative,
A || encapsulated
diplococcus

Gram-negative,

B . )
aerobic coccobacillus
C Gram-positive, club-
shaped rod
D Gram-negative,
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Answer

Image

Gram-positive, 3-
hemolytic coccus
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Hint

The physician most likely injected botulinum toxin into this patient's detrusor muscle to provide relief
for her refractory overactive bladder syndrome.
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Correct Answer

A - Gram-negative, encapsulated diplococcus

Explanation Why

Neisseria meningitidis is a gram-negative, encapsulated diplococcus. Although N. meningitidis does
not secrete exotoxins, the lipopolysaccharides on its outer membrane act as endotoxins. However,
endotoxins have no role in the treatment of overactive bladder syndrome.

B - Gram-negative, aerobic coccobacillus

Explanation Why

Bordetella pertussis is a gram-negative, aerobic coccobacillus. B. pertussis produces pertussis toxin,
which plays a central role in the pathogenesis of whooping cough. However, it has no role in the
treatment of overactive bladder syndrome.

C - Gram-positive, club-shaped rod

Explanation Why

Corynebacterium diphtheriae is a gram-positive, club-shaped rod. C. diphtheriae produces
diphtheria toxin, which can cause pharyngitis with pseudomembranes and severe lymphadenopathy.
However, diphtheria toxin has no role in the treatment of overactive bladder syndrome.
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D - Gram-negative, comma-shaped rod

Explanation Why

Vibrio cholerae is a gram-negative, comma-shaped rod that produces cholera toxin. This toxin causes
voluminous “rice-water” diarrhea by permanently activating Gs alpha subunit, thus overactivating

adenylate cyclase and increasing the level of cAMP, which subsequently increases Cl secretion and
H2O efflux in the gastrointestinal lumen. Cholera toxin is not used in the treatment of overactive

bladder syndrome.
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Explanation Why

Botulinum toxin is produced by Clostridium botulinum, which is a gram-positive, spore-forming rod.
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Botulinum toxin is a protease that cleaves SNARE, thereby impairing the fusion of
acetylcholine-containing vesicles with the presynaptic membrane of the motor end plates. This
irreversibly inhibits acetylcholine release, resulting in muscle paralysis. Endoscopic injection of
botulinum toxin at different points in the bladder wall suppresses involuntary bladder contractions
and thus improves the symptoms of overactive bladder syndrome.

F - Gram-positive, p-hemolytic coccus

Explanation Why

Both Staphylococcus aureus and Streptococcus pvogenes are gram-positive, B-hemolytic cocci. S.
aureus produces several toxins, such as toxic shock syndrome toxin-1 and exfoliative toxin A. S.
pyogenes produces streptolysin O and erythrogenic exotoxin A. However, none of these toxins are
used in the treatment of overactive bladder syndrome.
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Question # 36

A 40-year-old man comes to the physician because of a 4-week history of generalized weakness. He also
reports increased urination and thirst. He has type 2 diabetes mellitus and chronic kidney disease. His

only medication is metformin. Serum studies show:

Nat 134 mEq/L
Cr 110 mEq/L
Kt 5.6 mEq/L
HCO3" 19 mEq/L

Glucose 135 mg/dL

Creatinine || 1.6 mg/dL

Urine pH is 5.1. Which of the following is the most likely underlying cause of this patient's symptoms?

Answer

Image

A || Ethylene glycol intoxication

B || Impaired HCO3™ reabsorption in the proximal tubule

C Decreased serum aldosterone levels

D || Impaired H' secretion in the distal tubule
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Answer

Image

Increased serum lactate levels

Decreased serum cortisol levels
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Hint

This patient presents with polyuria, polydipsia, a normal serum anion gap, hyperkalemia, and decreased
urine pH. Together with a history of diabetes and CKD, these features suggest type 4 renal tubular
acidosis.
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Correct Answer

A - Ethylene glycol intoxication

Explanation Why

Ethylene glycol intoxication can cause metabolic derangements similar to this patient's increased
creatinine and potassium levels. However, metabolizing ethylene glycol leads to increased formation
of ketone bodies, which results in high anion gap metabolic acidosis. This patient has a normal anion
gap metabolic acidosis and lacks features of ethylene glycol intoxication such as nausea, vomiting,
abdominal cramps, and altered mental status.

B - Impaired HCO3™ reabsorption in the proximal tubule

Explanation Why

Type 2 renal tubular acidosis (RTA) occurs when proximal convoluted tubule cells are unable to

reabsorb bicarbonate (HCO3"). Causes of type 2 RTA include Fanconi syndrome, carbonic anhydrase
inhibitors (e.g., acetazolamide), and multiple myeloma. While type 2 RTA results in hyperchloremic
metabolic acidosis and a decreased urine pH (< 5.5), both of which are seen in this patient, it would
not be expected to cause hyperkalemia.

Explanation Why

Type 4 renal tubular acidosis (RTA) is most commonly caused by aldosterone deficiency (e.g., due to
adrenal insufficiency, NSAID use, hyporeninemic hypoaldosteronism from diabetic nephropathy) or
aldosterone resistance (e.g., due to spironolactone use, obstructive nephropathy). Aldosterone
deficiency results in impaired sodium reabsorption and potassium excretion in the distal tubules,
which causes both hyperchloremic metabolic acidosis and hyperkalemia because of changes in
electronegativity across the tubular lumen. Hyperkalemia inhibits urine NH4+ excretion, further
exacerbating acidosis and manifesting with low urine pH, as seen in this patient. Given the patient's
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type 2 diabetes and CKD, his type 4 RTA is most likely due to hyporeninemic hypoaldosteronism.

D - Impaired H™ secretion in the distal tubule

Explanation Why

Type 1 renal tubular acidosis (RTA) occurs when intercalated cells in the distal tubule are unable to
secrete hydrogen ions (H+), leading to metabolic acidosis, increased urine pH (> 5.5), and
hypokalemia. Causes of type 1 RTA include analgesic nephropathy and amphotericin B toxicity. This
patient has neither high urine pH nor hypokalemia.

E - Increased serum lactate levels

Explanation Why

Lactic acidosis can cause metabolic acidosis and, very rarely, can occur in patients with renal
insufficiency who use metformin. However, lactic acidosis results in high anion gap metabolic
acidosis, not the normal anion gap metabolic acidosis seen in this patient. It would also not explain
the patient's low urine pH.

F - Decreased serum cortisol levels

Explanation Why

Decreased serum cortisol levels are seen in patients with adrenal insufficiency, which can manifest
with normal anion gap metabolic acidosis, hyperkalemia, hyponatremia, and elevated creatinine.
However, the patient's hyperglycemia makes adrenal insufficiency very unlikely, as patients with
cortisol deficiency usually also have hypoglycemia.
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Question # 37

A 32-year-old woman comes to the physician because of a 1-week history of left flank pain and dysuria.
She has had 2 episodes of urinary tract infection over the past 2 years. Her temperature is 37°C (98.6°F)
and pulse is 82/min. An ultrasound of the kidneys shows left-sided hydronephrosis and echogenic foci
with acoustic shadowing. A photomicrograph of the urine is shown. The crystals observed are most

likely composed of which of the following?

50 microns
N

Answer

Image

A || Uric acid
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Answer

Image

B || Cystine

C Calcium oxalate

D || Calcium phosphate

E || Magnesium ammonium phosphate
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Hint

This patient has evidence of nephrolithiasis (left flank pain and hydronephrosis) with struvite stones
(coffin lid appearance) in her urine.
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Correct Answer

A - Uric acid

Image

Explanation Why

Uric acid precipitation results in rhomboid-shaped, radiolucent stone formation. Uric acid stones
account for about 10% of kidney stones. Risk factors for uric acid crystal formation include low
urine volume, high uric acid excretion, acidic urine, and hyperuricemia (e.g., gout, tumor lysis

syndrome).
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B - Cystine

Image

- S

Explanation Why

5 ym

Cystine precipitation results in the formation of radiopaque, hexagonal crystals. Cystine stones
account for only 1% of kidney stones and are typically found in individuals with an autosomal
recessive defect of a proximal convoluted tubule transporter responsible for reabsorption of dibasic

amino acids (e.g., cystine, ornithine, arginine, and lysine). The resulting cystinuria predisposes to
stone formation because cystine has low solubility in urine. Diagnosis is made by direct visualization
of the stones or with a positive urine sodium cyanide nitroprusside test.
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C - Calcium oxalate

Image

Explanation Why

Calcium oxalate precipitation results in radiopaque crystals that have an envelope or dumbbell shape
on urine microscopy. Calcium oxalate stones account for 70—-80% of kidney stones. Important risk
factors for these stones include decreased urine volume, increased urine calcium or oxalate excretion,
and decreased urine citrate excretion.

D - Calcium phosphate

Explanation Why

Calcium phosphate precipitation results in radiopaque crystals that appear as wedge-shaped prisms
on urine microscopy. Calcium phosphate stones account for 15% of kidney stones and are frequently
present in combination with struvite stones or calcium oxalate stones. Risk factors for calcium

https://t.me/USMLEAmMboss https://t.me/USMLEAmbOSS


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

phosphate stones include increased urine calcium and phosphate excretion, low urine citrate
excretion, and increased urine pH; Hypercalcemia, however, is not typically observed.

Explanation Why

Struvite stones are comprised of magnesium ammonium phosphate and account for 5-10% of kidney
stones. Precipitation of this compound occurs in the setting of alkaline urine, which is commonly
attributed to increased ammonia production by urease-producing bacterial species such as Proteus or
Klebsiella. Elevated urine pH reduces phosphate solubility and increases the risk of struvite stone
formation.
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Question # 38

A 1-week-old male newborn is brought to the physician for the evaluation of persistent irritability and
crying. He was born at 36 weeks' gestation. Pregnancy was complicated by polyhydramnios. His mother
reports that she nurses him frequently and changes his diapers 18-20 times per day. He is at the

sth percentile for length and 1oth percentile for weight. Physical examination shows a triangular face

with a prominent forehead and large, protruding ears. Serum studies show:

Na" 129 mEq/L
K' 2.8 mEq/L
cr 90 mEq/L
Ca2" 8.0 mg/dL
HCO3 || 32 mEq/L

Arterial blood gas analysis shows a pH of 7.51. The effects of this patient's condition are most similar to

the long-term administration of which of the following drugs?

Answer Image
A || Triamterene
B || Fludrocortisone
C || Bumetanide
D || Tolvaptan
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Answer

Image

Hydrochlorothiazide

Acetazolamide

Mannitol
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Hint

This newborn has Bartter syndrome, which causes defects in the reabsorption of electrolytes in the
ascending loop of Henle. This condition is associated with polyhydramnios in utero and preterm
delivery. It manifests with polydipsia, polyuria, failure to thrive, dysmorphic facies, hyponatremia,
hypokalemia, hypochloremia, hypocalcemia, and metabolic alkalosis, each of which is seen in this case.
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Correct Answer

A - Triamterene

Explanation Why

Triamterene is a potassium-sparing diuretic that inhibits Na ™ reabsorption in the distal convoluted
tubule and collecting duct and can cause polyuria, polydipsia, failure to thrive, and hyponatremia,
each of which is seen in this case. However, triamterene therapy causes hyperkalemia (not
hypokalemia) and mimics type 4 renal tubular acidosis, not Bartter syndrome.

B - Fludrocortisone

Explanation Why

Fludrocortisone is a mineralocorticoid that increases Na' reabsorption and K secretion in the
collecting ducts, which results in hypokalemia, metabolic alkalosis, and normal or slightly elevated

serum Na' concentration (not hyponatremia). It does not cause hypocalcemia, polydipsia, or
polyuria. Fludrocortisone therapy mimics Liddle syndrome and primary hyperaldosteronism, not
Bartter syndrome.

Explanation But

Some patients with Bartter syndrome develop hyperuricemia and hypophosphatemia. The
dysmorphic facial features seen in this patient are not always present in Bartter syndrome.

Explanation Why

Bumetanide is a loop diuretic that blocks Na“/K*-2CI" cotransporters in the ascending loop of Henle.

Loop diuretics thus increase the excretion of Na+, K+, and CI". Decreased transport of Na'and K*
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reduces the electrochemical gradient in the loop of Henle, which decreases passive reabsorption of

Ca’" and Mg2+. As a result, loop diuretic therapy can cause electrolyte abnormalities (e.g.,
hyponatremia, hypokalemia, hypochloremia, hypocalcemia, hypomagnesemia) and metabolic
alkalosis. These manifestations mimic Bartter syndrome.

D - Tolvaptan

Explanation Why

Tolvaptan is an ADH receptor antagonist that increases free water loss in urine and can cause
polydipsia, polyuria, hypokalemia, contraction metabolic alkalosis, and hypernatremia (not
hyponatremia). It does not cause hypocalcemia. Tolvaptan therapy mimics diabetes insipidus, not
Bartter syndrome.

E - Hydrochlorothiazide

Explanation Why

Hydrochlorothiazide is a thiazide diuretic that inhibits Na* and CI reabsorption in the distal
convoluted tubules (DCT). Thiazide diuretic therapy can cause hyponatremia, hypokalemia,
hypochloremia, and metabolic alkalosis, each of which is seen in this case. However, thiazide

diuretic therapy causes hypercalcemia (not hypocalcemia) because inhibited Na© reabsorption in the

DCT increases the activity of Na'/Ca®" exchangers on these cells. These manifestations mimic
Gitelman syndrome, not Bartter syndrome.

F - Acetazolamide

Explanation Why

Acetazolamide is a carbonic anhydrase inhibitor that increases renal excretion of Na' and
bicarbonate and can cause polydipsia, polyuria, hypokalemia, hyperchloremia (not hypochloremia)
and metabolic acidosis (not metabolic alkalosis). Acetazolamide therapy mimics type 2 renal tubular
acidosis, not Bartter syndrome.
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G - Mannitol

Explanation Why

Mannitol is an osmotic diuretic that increases free water loss in urine. Highly elevated concentrations
of mannitol in the serum (e.g., from high doses in the setting of renal failure) cause extracellular

movement of water and K+, which results in hyponatremia, metabolic acidosis (not metabolic
alkalosis), and hyperkalemia (not hypokalemia). Mannitol therapy mimics conditions that cause
osmotic diuresis (e.g., glucosuria due to diabetes mellitus), not Bartter syndrome.
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Question # 39

A 72-year-old man comes to the physician because of several episodes of dark urine over the past

2 months. He has had a 6 kg (13.2-1b) weight loss over the past 3 months despite no changes in appetite.
He has smoked a pack of cigarettes daily for 30 years. A CT scan shows a heterogeneous enhancing
mass arising from the left renal pelvis. Pathologic examination of the lesion is most likely to show which
of the following findings?

Answer Image

Pedunculated tumor comprised of
A || pleomorphic urothelial cells with severe
nuclear atypia

Grayish-brown tumor comprised of
squamous cells with keratin pearls

Tumor with central scar comprised of
C || large eosinophilic cells with central
nuclei

Bright yellow tumor comprised of
D || polygonal cells filled with lipids and
glycogen

Grayish-tan tumor comprised of
E || primitive blastemal cells forming
abortive glomeruli
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Hint

This patient's renal pelvic mass has arisen from cells that derive from the caudal end of the mesonephric
duct during embryologic development.
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Correct Answer

Image

Explanation Why

More than 90% of tumors arising from the renal pelvis and ureter are urothelial carcinomas. They
typically manifest with either gross or microscopic hematuria (75% of cases), while flank pain only
sometimes occurs (20% of cases). Less often, a lumbar mass or recurrent urinary tract infections are
seen. The urinary collecting system is derived from the same embryologic origin (the ureteric bud),
and, as a result, urothelial carcinomas appear identical to tumors arising from the bladder, with a
papillary surface, large pleomorphic urothelial cells, and severe nuclear atypia. Tumors are often
pedunculated.
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B - Grayish-brown tumor comprised of squamous cells with keratin pearls

Explanation Why

Primary squamous cell cancer (SCC) of the renal pelvis accounts for less than 10% of all renal pelvic
cancers. They are sometimes seen in association with chronic calculi or chronic infections. SCC is an
aggressive tumor, often locally invasive at the time of diagnosis. Unlike the tumor in this patient,
they tend to be sessile and not pedunculated. When present, they appear as grayish-brown tumors
comprised of squamous cells with keratin pearls.

C -

Tumor with central scar comprised of large eosinophilic cells with central
nuclei

Explanation Why

Renal oncocytomas are benign tumors that arise from the collecting ducts, not from the renal pelvis.
They are usually incidental findings and are rarely symptomatic, unless they grow to be very large in
size, at which point they can manifest with hematuria and/or flank pain, neither of which is present
here. Pathologic examination of the tumor would reveal a central scar comprised of large
eosinophilic cells with central nuclei and numerous mitochondria, without dysplastic urothelial cells.

D-

Bright yellow tumor comprised of polygonal cells filled with lipids and
glycogen

Explanation Why

Renal cell carcinomas are bright yellow tumors comprised of polygonal clear cells filled with lipids
and glycogen. They arise from the renal parenchyma, more specifically from the proximal
convoluted tubule. Tumors of the renal pelvis are of urothelial origin.
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E -

Grayish-tan tumor comprised of primitive blastemal cells forming abortive
glomeruli

Explanation Why

Wilms tumor, the most common renal tumor in children, has a grayish-tan appearance and is
comprised of primitive blastemal cells that form abortive glomeruli. It usually manifests as a large
abdominal mass and is sometimes associated with hematuria and abdominal pain, neither of which is
the case here. Moreover, it is not seen in adults, making it extremely unlikely in this patient.
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Question # 40

An investigator is attempting to assess the glomerular filtration rate (GFR) of a healthy adult volunteer.
The volunteer's inulin clearance is evaluated under continuous inulin infusion and urine collection and
compared to the creatinine clearance. It is found that the estimated GFR based on the volunteer's
creatinine clearance is 129 mL/min and the estimated GFR calculated using the inulin clearance is

122 mL/min. Which of the following is the best explanation for the difference in these measurements?

Answer

Image

A || Creatinine is not freely filtered

B || Inulin is passively reabsorbed

C || Inulin is actively secreted

D || Inulin is not freely filtered

E || Creatinine is passively reabsorbed

F || Creatinine is actively secreted

Clearance
(mL/min)

600

200

100

Plasma concentration (mg/dL)
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Hint

GFR calculated using creatinine clearance is usually slightly higher than the actual GFR because of a
process that occurs in the proximal tubule.
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Correct Answer

A - Creatinine is not freely filtered

Explanation Why

The glomerular filtration barrier limits the passing of some substances into the Bowman capsule,
which decreases their concentration in urine. However, creatinine clearance is not affected by the
glomerular filtration barrier, as creatinine is freely filtered.

B - Inulin is passively reabsorbed

Explanation Why

Passive reabsorption of a substance in the tubular system decreases its concentration in urine, which
may cause the clearance to be underestimated. However, inulin clearance is not affected by this
process.

C - Inulin is actively secreted

Explanation Why

Active secretion of a substance into the renal tubules increases its urine concentration and may cause
the clearance to be overestimated. However, inulin is not actively secreted in the tubular system.
Additionally, the GFR calculated from inulin clearance is lower than the GFR calculated from
creatinine clearance in this experiment.
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D - Inulin is not freely filtered

Explanation Why

The glomerular filtration barrier limits the passing of some substances into the Bowman capsule,
which decreases their concentration in urine. However, inulin clearance is not affected by the
glomerular filtration barrier, as inulin is freely filtered.

E - Creatinine is passively reabsorbed

Explanation Why

Reabsorption of a substance from the renal tubules decreases its renal clearance. Although small
amounts of creatinine can be reabsorbed in the renal tubules, this is predominantly seen in newborns.
The amount of creatinine absorption in adults is minimal and the effect is offset by a more
pronounced process.
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Image

Clearance
(mL/min)

—
Creatinine

100— Inulin

Plasma concentration (mg/dL)

Explanation But

Care should be taken when interpreting the creatinine clearance because creatinine serum levels
depend on muscle mass and age of a patient. This results in higher creatinine clearance in young and
active patients and lower creatinine clearance in old patients.

Explanation Why

In addition to being freely filtered from the glomerular capillaries into the Bowman capsule, small
amounts of creatinine are actively secreted into the proximal tubules. This leads to an overestimation
of the creatinine clearance by 10-20% and a resulting overestimation of the GFR. Inulin, on the other
hand, is also freely filtered but is neither secreted nor reabsorbed. Therefore, the amount of inulin in
the urine correlates linearly with the amount of filtered plasma and inulin clearance actually reflects
the GFR.
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Question # 1

Four weeks after starting hydrochlorothiazide, a 49-year-old man with hypertension comes to the
physician because of muscle cramps and weakness. His home medications also include amlodipine. His
blood pressure today is 176/87 mm Hg. Physical examination shows no abnormalities. The precordial
leads of a 12-lead ECG are shown. The addition of which of the following drugs is most likely to have
prevented this patient's condition?

Answer Image

A || Torsemide

B || Nifedipine

C || Clonidine
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Answer Image
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Hint

This patient has manifestations of hypokalemia (e.g., muscle cramps, weakness, and U waves on ECG).

Thiazide diuretics inhibit Na* reabsorption in the distal convoluted tubule, which increases K excretion
and can lead to hypokalemia.
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Correct Answer

A - Torsemide

Explanation Why

Torsemide is a loop diuretic that inhibits the resorption of potassium in the thick ascending loop of
Henle. It can also cause hypokalemia and would exacerbate the thiazide-induced hypokalemia seen
in this patient.

B - Nifedipine

Explanation Why

Nifedipine, like amlodipine, is a dihydropyridine calcium channel blocker. It does not affect serum
potassium concentrations and would not prevent this patient's iatrogenic hypokalemia. Moreover, the
combination of drugs from the same class is not recommended for the treatment of hypertension.

C - Clonidine

Explanation Why

Clonidine is an alpha-2 receptor agonist that acts centrally to decrease peripheral vascular resistance.
Clonidine has no effect on potassium excretion and would not have prevented this patient's iatrogenic

hypokalemia.
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Explanation Why

Eplerenone is an effective adjunct antihypertensive medication in patients with treatment-resistant
hypertension. In addition, the drug's potassium-sparing properties are useful in patients who develop
hypokalemia due to the use of potassium-wasting diuretics (e.g., loop and thiazide diuretics).

Eplerenone inhibits the effect of aldosterone and, therefore, decreases K excretion in the distal
convoluted tubule and collecting duct.

E - Hydralazine

Explanation Why

Hydralazine is a direct peripheral vasodilator that is used to decrease peripheral vascular resistance in
patients with severe and/or treatment-resistant hypertension. It does not affect serum potassium
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concentrations and would not prevent this patient's iatrogenic hypokalemia.
p p
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Question # 2

A 64-year-old man comes to the physician for a follow-up examination. Four months ago, he underwent
a renal transplantation for end-stage renal disease. Current medications include sirolimus, tacrolimus,
and prednisolone. Physical examination shows no abnormalities. Serum studies show a creatinine
concentration of 2.7 mg/dL. A kidney allograft biopsy specimen shows tubular vacuolization without
parenchymal changes. Which of the following is the most likely cause of this patient's renal injury?

Answer

Image

A || Tacrolimus toxicity

B || Acute interstitial nephritis

C || Preformed antibody-mediated rejection

D || T cell-mediated rejection

E || Prednisolone toxicity

F || Sirolimus toxicity
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Hint

The underlying cause of this patient's findings (elevated creatinine concentration, tubular vacuolization
in biopsy specimen) is associated with decreased activation of T cells.
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Correct Answer

Explanation Why

Tacrolimus, a calcineurin inhibitor, can induce nephrotoxicity, which is caused by glomerular and
tubular dysfunction and manifests with a slow decrease of renal function. Biopsy typically shows
tubular vacuolization, as seen in this patient. In addition, glomerular scarring and focal segmental
glomerulosclerosis may also be present.

B - Acute interstitial nephritis

Explanation Why

Acute interstitial nephritis (AIN) is most commonly caused by drug hypersensitivity reactions and
may lead to decreased kidney function, which is seen in this patient. However, AIN manifests
primarily with fever, rash, flank pain, hematuria, and peripheral blood eosinophilia, which this
patient does not have. Moreover, it is most commonly caused by antibiotics and NSAIDs, not by

immunosuppressants.

C - Preformed antibody-mediated rejection

Explanation Why

Preformed antibody-mediated rejection (hyperacute rejection) typically occurs in patients with recent
organ transplantation (< 48 hours). It is caused by circulating antibodies against donor graft antigens.
Hyperacute rejection is mostly asymptomatic and manifests with decreased kidney function, as seen
in this patient. However, hyperacute rejection is very uncommon when modern immunosuppressants
are used. Moreover, it is associated with biopsy findings of capillary endothelial swelling, arteriolar
fibrinoid necrosis, fibrin thrombi, and cortical necrosis, but not with tubular vacuolization.
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D - T cell-mediated rejection

Explanation Why

T cell-mediated rejection (acute rejection) typically occurs in patients with recent organ
transplantation (< 6 months). It is caused by T cells reacting with foreign donor HLA antigens. It is
mostly asymptomatic and manifests with decreased kidney function, as seen in this patient. However,
biopsy typically shows tubular atrophy, which is not described in this scenario.

E - Prednisolone toxicity

Explanation Why

Prednisolone is used for immunosuppression in organ transplant patients and can cause severe short-
term adverse effects. However, prednisolone usually does not cause a decline in kidney function.
Adverse effects include iatrogenic Cushing syndrome with hormonal imbalance, psychiatric
symptoms, buffalo hump, moon facies, easy bruising, and skin thinning, none of which are seen here.

F - Sirolimus toxicity

Explanation Why

Sirolimus (rapamycin) is used for immunosuppression in organ transplant patients and has a potential
for toxicity. However, sirolimus is not usually nephrotoxic. Rather, it causes pancytopenia, insulin
resistance, hypertension, and hyperlipidemia, none of which are seen in this patient.
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Question # 3

A 42-year-old woman, gravida 5, para 5, comes to the physician because of a 6-month history of
occasional involuntary urine loss that is exacerbated by coughing, sneezing, and laughing. She has no
urgency or dysuria. Physical examination shows normal appearing external genitalia, vagina, and cervix.
There is a loss of urine with the Valsalva maneuver. The physician recommends doing Kegel exercises.

Which of the following muscles is strengthened by these exercises?

Answer

Image

A || Compressor urethrae

B || Internal urethral sphincter

C || Sphincter urethrae

D || Levator ani

E || Deep transverse perineal muscles
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Hint

Kegel exercises consist of voluntary contractions of all the pelvic floor muscles, with the intention of
strengthening the striated muscles of the region.
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Correct Answer

A - Compressor urethrae

Explanation Why

The compressor urethrae is one of the three parts of the female external urethral sphincter. These
voluntary muscles work in unison to inhibit the release of urine. Kegel exercises do not target the
compressor urethrae.

B - Internal urethral sphincter

Explanation Why

The internal urethral sphincter is comprised of smooth muscles found at the junction of the urinary
bladder and urethra. It is under involuntary control and is not targeted by Kegel exercises.

C - Sphincter urethrae

Explanation Why

The sphincter urethrae is one of the three parts of the female external urethral sphincter. These
voluntary muscles work in unison to inhibit the release of urine. Kegel exercises do not target the
sphincter urethrae.
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Explanation Why

The levator ani forms a major portion of the pelvic floor, along with smaller muscles (e.g., coccygeus
muscle) and connective tissue. It is comprised of three parts: the iliococcygeus, pubococcygeus, and
puborectalis muscles, which all contract in synchrony. Contraction of the pelvic floor through Kegel
exercises strengthens these muscles, along with the ischiocavernosus and bulbospongiosus muscles
in men. Strengthening the pubococcygeus improves urinary retention in both sexes and is
recommended as a first-line measure in the treatment of urinary incontinence. Strengthening of these
muscles may also help men with premature ejaculation.

E - Deep transverse perineal muscles

Explanation Why

The deep transverse perineal muscles form part of the pelvic floor. These muscles function to
stabilize the perineal body, a central tendinous structure essential for the integrity of the pelvic floor.
Strengthening these muscles would aid in the expulsion of semen and the last portion of urine. The
deep transverse perineal muscles are not targeted by Kegel exercises.
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Question # 4

A 47-year-old woman comes to the physician because of involuntary leakage of urine for the past

4 months, which she has experienced when bicycling to work and when laughing. She has not had any
dysuria or urinary urgency. She has 4 children that were all delivered vaginally. She is otherwise healthy
and takes no medications. The muscles most likely affected by this patient's condition receive efferent

innervation from which of the following structures?

Answer

Image

A S1-S2 nerve roots

B || Superior gluteal nerve

C || Superior hypogastric plexus

D || Obturator nerve

E S3-S4 nerve roots

F || Ilioinguinal nerve
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Hint

Involuntary urinary leakage while exercising in a patient with a history of several vaginal deliveries is
consistent with stress incontinence. The pelvic floor muscle group most commonly implicated in stress
incontinence is the levator ani.
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Correct Answer

A - S1-S2 nerve roots

Explanation Why

The S1-S2 nerve roots give rise to the inferior gluteal nerve, which innervates the gluteus maximus
muscle. Motor innervation to the piriformis muscle also originates from the same sacral roots. Both
muscles are involved in hip extension and external rotation. Injury to the inferior gluteal nerve results
in difficulty climbing stairs and getting up from a sitting position. It does not play a role in the
development of stress incontinence.

B - Superior gluteal nerve

Explanation Why

The superior gluteal nerve (from L4—S1) innervates the gluteus medius, gluteus minimus, and tensor
fascia latae muscles. These muscles are involved in abduction, internal rotation, and stabilization of
the hip. An injury to the superior gluteal nerve results in Trendelenburg gait. It does not play a role in
the development of stress incontinence.

C - Superior hypogastric plexus

Explanation Why

The superior hypogastric plexus provides sympathetic innervation to the ovaries and ureter via the
ovarian and ureteric plexus. It does not innervate the pelvic floor muscles or bladder neck, so its
impairment does not cause stress incontinence.
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D - Obturator nerve

Explanation Why

The obturator nerve (from L2-L.4) provides motor innervation to the obturator externus, adductor
longus, adductor brevis, gracilis, pectineus, and adductor magnus muscles and sensory innervation to
the medial thigh. These muscles are involved in hip adduction. An injury to the obturator nerve
results in loss of medial thigh sensation and hip adduction. It does not play a role in the development
of stress incontinence.

Explanation But

The inferior hypogastric plexus sympathetically innervates the bladder detrusor muscle and
facilitates urine storage by relaxing the bladder smooth muscle. Damage to the inferior hypogastric
plexus can cause urge incontinence due to an overactive bladder, and in some cases stress
incontinence if the bladder neck is involved.

Explanation Why

Somatic nerves arising from the S3—S4 spinal cord roots innervate the pelvic floor muscles (levator
ani) and external urethral sphincter. The pudendal nerve, which originates from the S2—S4 spinal
cord roots, innervates the external urethral sphincter and plays a role in maintaining continence.
Stress incontinence is caused by impaired pelvic floor support, which can result from chronically
elevated intra-abdominal pressure (e.g., due to a chronic cough, obesity) or from direct trauma to the
levator ani muscle or nerve roots. Multiparous women are at a higher risk of such direct trauma, as it
is usually caused by complications during delivery. Rarely, it can be caused by intrinsic sphincter
defects resulting from scarring after surgery.
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F - Ilioinguinal nerve

Explanation Why

The ilioinguinal nerve (L1) provides sensory innervation to the anterior surface of the scrotum and
root of the penis in men and the labia majora and mons pubis in women, as well as motor innervation
to the internal oblique and transverse abdominal muscles. This nerve can be blocked with local
anesthetics during inguinal hernia repair. It does not play a role in the development of stress
incontinence.
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Question # 5

A 52-year-old man with Crohn disease comes to the physician because of a 1-week history of dysuria
and urinary urgency. He had been treated for urinary tract infections twice in the past 6 months. He is
currently taking infliximab. Cystoscopy shows pearl-like plaques on the bladder wall. Biopsy of these
lesions shows a focal layer of stratified squamous epithelium with hyperkeratosis. If the patient's bladder
finding is caused by a vitamin deficiency, which of the following features is also most likely to be seen?

Answer

Image

A || Carpopedal spasm

B || Perifollicular hemorrhage

C || Nystagmus

D || Photodermatitis

E Circumcorneal neovascularization

F || Night blindness
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Answer

Image

Intracranial hypertension

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Hint

The biopsy finding of stratified squamous epithelium with hyperkeratosis suggests a diagnosis of
squamous metaplasia of the bladder urothelium. Vitamin A is required for proper differentiation of
specialized epithelial cells (e.g., columnar cells of the pancreatic duct, respiratory tract, and conjunctiva,
or urothelial cells). Vitamin A deficiency can result in metaplasia of these cells to keratinizing cells.
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Correct Answer

A - Carpopedal spasm

Explanation Why

Carpopedal spasm is seen in hypocalcemia caused by severe vitamin D deficiency. Vitamin D
deficiency manifests in adults as osteomalacia and may cause bone pain, fractures, difficulty
walking, and myopathy, but it would not cause keratinizing squamous metaplasia of the bladder.

B - Perifollicular hemorrhage

Explanation Why

Perifollicular hemorrhage, which is seen in scurvy, is a manifestation of vitamin C deficiency.
Symptoms of scurvy include swollen gums, poor wound healing, mucosal bleeding, curly body hair,
follicular hyperkeratosis, and generalized weakness, but not keratinizing squamous metaplasia of the
bladder. In addition, vitamin C is a water-soluble vitamin, meaning deficiency of it would not be
associated with fat malabsorption.

C - Nystagmus

Explanation Why

Nystagmus is a manifestation of Wernicke encephalopathy, which is caused by a vitamin B
deficiency. This encephalopathy is commonly seen in patients with long-standing alcohol use
disorder and also manifests with confusion and ataxia, but not with keratinizing squamous metaplasia
of the bladder. Moreover, vitamin B is a water-soluble vitamin, meaning deficiency of it would not
be associated with fat malabsorption.
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D - Photodermatitis

Explanation Why

Photodermatitis, which is seen in pellagra, is associated with vitamin B3 deficiency. Pellagra is
characterized by "the four D's": diarrhea, dermatitis/glossitis, dementia, and death. It is not associated
with keratinizing squamous metaplasia of the bladder.

E - Circumcorneal neovascularization

Explanation Why

Circumcorneal neovascularization is a manifestation of vitamin B2 deficiency. Other symptoms of
this deficiency include cheilitis, glossitis, stomatitis, seborrheic dermatitis, and normochromic-
normocytic anemia. It does not cause keratinizing squamous metaplasia of the bladder.
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Image

Explanation Why

Vitamin A deficiency can cause ocular disorders such as xerophthalmia, Bitot spots, corneal xerosis,
keratomalacia, and night blindness. Other signs of vitamin A deficiency include poor bone growth,
hyperkeratosis, xeroderma, immunosuppression, and squamous metaplasia, as seen in this patient.
Vitamin A deficiency has a higher prevalence in patients with disorders of fat malabsorption, such as
Crohn disease.

G - Intracranial hypertension

Explanation Why

Intracranial hypertension (pseudotumor cerebri) is a manifestation of vitamin A toxicity. Other
clinical manifestations of acute vitamin A toxicity include headache, fatigue, dizziness, nausea, loss
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of appetite, dry skin, and alopecia. Chronic intoxication may lead to osteoporosis, bone pain, and
psychiatric changes, but it would not cause keratinizing squamous metaplasia of the bladder.
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Question # 6

A 35-year-old woman comes to the physician with right-sided flank pain and blood in her urine for

1 day. She does not have fever or dysuria. She had similar symptoms several weeks ago but did not seek
medical care at the time. Physical examination shows right costovertebral angle tenderness. Her serum
uric acid level is 6.9 mg/dL. Urine dipstick shows 3+ blood. Analysis of a 24-hour urine collection
specimen shows wedge-shaped prisms. This patient is most likely to benefit from which of the following

to prevent recurrence of her condition?

Answer

Image

A || Low-potassium diet

B || High-protein diet

C || Amoxicillin with clavulanic acid

D || Dietary calcium restriction
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Answer

Image

E || Allopurinol

F Chlorthalidone
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Hint

Flank pain, hematuria, and urine microscopy showing wedge-shaped prisms suggest a diagnosis of renal
colic due to calcium phosphate nephrolithiasis. Recurrent renal colic in a patient with calcium phosphate
nephrolithiasis is strongly suggestive of an underlying hypercalciuria.
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Correct Answer

A - Low-potassium diet

Explanation Why

A low-potassium diet has been associated with an increased risk of calcium nephrolithiasis, which
this patient most likely has, as evident from the wedge-shaped prisms on urinalysis. Potassium
increases urinary citrate excretion. Citrate binds to urinary calcium and forms soluble complexes that
are then excreted. Thus, citrate prevents calcium supersaturation and stone precipitation. A high-
rather than low-potassium diet (e.g., one rich in fruits) would be recommended in this patient to
minimize the risk of recurrent calcium stone formation.

B - High-protein diet

Explanation Why

A high-protein diet increases urinary calcium excretion and is a risk factor for calcium
nephrolithiasis, which this patient most likely has, as evident from the wedge-shaped prisms seen on
urinalysis. The metabolism of animal protein generates amino-acids that decrease the plasma pH. To
buffer this acidity, calcium is released from bone to increase plasma pH (bone buffering). This, in
turn, increases renal calcium excretion. Thus, a low- rather than a high-protein diet would be
recommended in this patient to minimize the risk of recurrent calcium stone formation.
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C - Amoxicillin with clavulanic acid

Image

" 50 microns
E—

Explanation Why

Antibiotics, such as amoxicillin-clavulanate, may be beneficial in the case of struvite stones, which
are typically formed when there is an upper urinary tract infection caused by urease-producing
bacteria such as Proteus mirabilis, Klebsiella, Pseudomonas, and Ureaplasma urealyticum. Struvite
stones appear as rectangular prisms (coffin-lid crystals), unlike the wedge-shaped prisms seen in this
patient. Thus, antibiotics would not be indicated in this patient.
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D - Dietary calcium restriction

Image

Explanation Why

Dietary calcium restriction is not routinely recommended in individuals with nephrolithiasis and mild
hypercalciuria unless the urinary calcium levels are very high (i.e., >1500 mg/day). Decreased
dietary calcium intake stimulates intestinal oxalate absorption, which, in turn, increases renal oxalate
excretion (hyperoxaluria). Oxalate binds to calcium, forming calcium oxalate stones, which would be
seen as bipyramidal crystals (envelope appearance) crystals on urinalysis. Although this patient does
not have oxalate stones on urinalysis, decreasing calcium intake would increase her risk of
developing oxalate stones. In addition, this patient's urinary calcium levels will need to be assessed
before recommending a dietary calcium restriction.
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E - Allopurinol

Image

Explanation Why

Allopurinol, a xanthine oxidase inhibitor, decreases urinary uric acid levels and is indicated to
prevent recurrent stone formation in patients with uric acid nephrolithiasis or in those with calcium
nephrolithiasis and a high urinary uric acid level. Uric acid stones appear as rhomboid or needle-
shaped crystals. Since this patient's urinalysis shows wedge-shaped prisms and normal serum uric
acid levels, allopurinol would not be beneficial.

Explanation But

Additional measures to prevent the formation of calcium phosphate stones include a low sodium diet,
which enhances the effect thiazides have in promoting calcium reabsorption from the renal tubule,
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and urine acidification as calcium phosphate stones predominantly form in alkaline urine.

Explanation Why

Thiazide diuretics, such as chlorthalidone, increase calcium reabsorption in the renal tubules and
decrease hypercalciuria. In patients with recurrent calcium nephrolithiasis and, what is likely,
hypercalciuria, a thiazide diuretic is indicated to decrease urinary calcium levels and minimize the
risk of recurrent calcium stone formation.
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Question # 7

A 60-year-old man comes to the physician because of a 1-week history of lower back pain. He has had
several episodes of painless hematuria over the past 2 months. Physical examination shows localized
tenderness over the lumbar spine. A CT scan shows multiple osteolytic lesions in the body of the lumbar
vertebrae. Cystoscopy shows a 4-cm mass in the right lateral wall of the bladder. A photomicrograph of
a biopsy specimen is shown. Which of the following is the strongest risk factor for this patient's
condition?

Answer Image

A || Alcohol consumption

B || Cigarette smoking

C Clonorchis infection
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Answer

Image

Schistosoma infection

Vinyl chloride exposure

Nitrosamine ingestion
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Hint

The photomicrograph shows a fibrovascular core surrounded by a thickened, dysplastic urothelium with
loss of polarity. These features are consistent with transitional cell (urothelial) carcinoma.
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Correct Answer

A - Alcohol consumption

Explanation Why

Chronic alcohol consumption is associated with an increased risk of hepatic and esophageal
carcinomas as well as chronic pancreatitis, which may increase the risk of pancreatic carcinomas.
Although chronic pancreatitis may also manifest with chronic back pain, this patient's back
complaints and CT findings are more consistent with metastatic lesions. Alcohol consumption is not
known to be associated with the development of bladder carcinoma.

Explanation Why

Smoking is the number one risk factor for the development of both the transitional cell type of
carcinomas of the bladder and the less common squamous cell type. Other risk factors for urothelial
cancer include long-term occupational exposure to benzidine and aniline dyes as well as previous
cyclophosphamide treatment. Most urothelial cancers occur in males > 65 years, and affected
individuals classically present with painless gross hematuria. This patient's osteolytic lesions and
lower back pain indicate advanced metastatic disease.

C - Clonorchis infection

Explanation Why

Infection with Clonorchis sinensis, or Chinese liver fluke, is a significant risk factor for development
of cholangiocarcinoma. Patients with cholangiocarcinomas typically present with abdominal pain,
jaundice, weight loss, and pale stools, unlike this patient with primarily urinary complaints.
Clonorchis infection does not increase the risk for bladder carcinoma.
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D - Schistosoma infection

Explanation Why

Squamous cell carcinoma of the bladder is the most common type of bladder cancer in regions with a
high prevalence of Schistosoma haematobium infection, such as the Middle East and Sub-Saharan
Africa. Biopsy of a squamous cell carcinoma would classically show epithelial infiltrates, keratin
pearls, and intercellular bridges. While this patient presents with painless hematuria and a bladder
mass on cystoscopy, his biopsy findings demonstrate features consistent with transitional cell
carcinoma, not squamous cell carcinoma. Additional risk factors for development of squamous cell
carcinoma of the bladder include chronic cystitis.

E - Vinyl chloride exposure

Explanation Why

Long-term exposure to vinyl chloride is associated with an increased risk of hepatic angiosarcoma,
lymphoma, glioblastoma, and lung carcinoma. However, there is no known association between
vinyl chloride exposure and risk of developing bladder cancer.

F - Nitrosamine ingestion

Explanation Why

Nitrosamine is a chemical most commonly found in cured, smoked, and processed foods. High
consumption of this substance has been associated with an increased risk of gastric carcinoma, but
not with a higher risk of bladder cancer.
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Question # 8

A 55-year-old woman with type 1 diabetes mellitus comes to the physician because of a 3-month history
of progressively worsening urinary incontinence. She has started to wear incontinence pads because of
frequent involuntary dribbling of urine that occurs even when resting. She has the sensation of a full
bladder even after voiding. Her only medication is insulin. Physical examination shows a palpable
suprapubic mass. Urinalysis is unremarkable. Urodynamic studies show an increased post-void residual

volume. Which of the following interventions is most likely to benefit this patient?

Answer

Image

A || Pelvic floor exercises

B Intermittent catheterization

C || Amitriptyline therapy

D || Prazosin therapy

E || Pessary placement

F || Duloxetine therapy

G || Oxybutynin therapy
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Hint

In a patient with a distended bladder, involuntary dribbling of urine and increased post-void residual
volume indicate overflow incontinence.
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Correct Answer

A - Pelvic floor exercises

Explanation Why

Pelvic floor exercises can be used to treat underactive urethral sphincters (stress incontinence) and
detrusor overactivity (urge incontinence). Increased post-void residual volume, which is seen here,
would not be expected in a patient with an underactive bladder sphincter or an overactive bladder
wall. Therefore, pelvic floor exercises would not be likely to alleviate this patient's urinary retention.

Explanation Why

Overflow incontinence is caused by urinary retention, which can be a result of dysfunction of the
bladder wall (e.g., underactive detrusor) or the sphincter (e.g., overactive urinary sphincter, benign
prostatic hypertrophy). In a patient with diabetes mellitus, the most likely cause of urinary retention
is an underactive bladder wall due to neuropathy of autonomic afferent nerve fibers, impairing the
ability to sense bladder fullness and resulting in decreased parasympathetic outflow. Urinary
retention can be treated with intermittent catheterization, behavioral changes (e.g., timed voiding,
Valsalva maneuver to increase intravesical pressure), triggered voiding by stimulating sacral and
lumbar dermatomes, or bethanechol, a muscarinic agonist that can stimulate detrusor contraction.

C - Amitriptyline therapy

Explanation Why

Amitriptyline, which is a tricyclic antidepressant (TCA), is used to treat neuropathic pain in
individuals with diabetic neuropathy. Amitriptyline should be avoided in this patient because the
antimuscarinic effects of TCAs can worsen urinary retention.
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D - Prazosin therapy

Explanation Why

Prazosin, which causes relaxation of the internal urethral sphincter via alpha-1 antagonism, is used to
treat overflow incontinence due to an overactive sphincter or BPH. This patient has urinary retention
and overflow incontinence, but the most likely cause is an underactive bladder wall due to diabetic
neuropathy of the postganglionic sympathetic fibers that innervate the bladder wall rather than an
overactive sphincter. Therefore, prazosin is unlikely to be effective in this patient.

E - Pessary placement

Explanation Why

A vaginal pessary would elevate the bladder neck angle and compress the urethra against the pubic
symphysis. Vaginal pessaries are used in the treatment of underactive urethral sphincters (stress
incontinence). This patient has some predisposing factors for stress incontinence, including multiple
vaginal deliveries (increases laxity of the pelvic floor) and diabetes (causes neuropathy of the
pudendal nerve or the postganglionic sympathetic fibers that innervate the sphincter). However,
stress incontinence would cause dribbling of urine when laughing or coughing. The use of a vaginal
pessary might worsen the urinary retention in this patient.

F - Duloxetine therapy

Explanation But

Duloxetine can be used to treat neuropathic pain in individuals with diabetic neuropathy.

Explanation Why

Duloxetine, which is an SNRI, is used in the treatment of underactive urethral sphincters (stress
incontinence) because increased noradrenergic and serotonergic activity in the sacral spinal cord can
increase external urethral sphincter activity. This patient has some predisposing factors for stress
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incontinence, including multiple vaginal deliveries (increase laxity of the pelvic floor) and diabetes
(causes neuropathy of the pudendal nerve or the postganglionic sympathetic fibers that innervate the
sphincter). However, stress incontinence would cause dribbling of urine when laughing or coughing.
Duloxetine therapy might worsen the urinary retention in this patient.

G - Oxybutynin therapy

Explanation Why

Oxybutynin, which relaxes the detrusor muscle via M3 receptor antagonism, is used to treat detrusor
overactivity (urge incontinence). Patients with urge incontinence have a sudden urge to urinate and
are often unable to make it to the bathroom before leaking urine. An increased post-void residual
urine volume (bladder retention) would not be expected in a patient with urge incontinence. In this
patient with urinary retention due to detrusor underactivity, oxybutynin would most likely worsen
their symptoms.
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Question # 9

A 53-year-old man is brought to the emergency department by his wife because of a 1-day history of
headache, blurry vision, and confusion. His wife also says that he has not urinated in the past 24 hours.
Despite appropriate measures, the patient dies shortly after admission. A photomicrograph of a section
of the kidney obtained at autopsy is shown. Which of the following is the most likely explanation for the
findings indicated by the arrow?

Answer Image

A || Myecotic aneurysm

B || Severe hypertension
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Answer

C || Chronic hyperglycemia

D || Necrotizing vasculitis

E || Atherosclerotic plaque rupture
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Hint

The renal biopsy shows an arteriole with an “onion-skin” appearance as a result of smooth muscle
hyperplasia and basement membrane duplication. This is characteristic of hyperplastic arteriolosclerosis.
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Correct Answer

A - Mycotic aneurysm

Explanation Why

A mycotic aneurysm, which is caused by infection of the arterial wall, affects large and medium-
sized vessels such as the aorta, intracranial arteries, and arteries of the lower limbs. Small arteries,
such as the renal arterioles, are typically not affected.

Explanation Why

This patient with acute-onset oliguria, headache, blurry vision, and confusion most likely had a
hypertensive emergency. Acute increases in blood pressure can lead to hyperplastic
arteriolosclerosis. Chronic hypertension can result in hyaline arteriolosclerosis, which is
characterized by deposition of homogeneous eosinophilic material in the vessel wall and sclerotic
changes (e.g., glomerular shrinkage, periglomerular fibrosis) in the renal parenchyma.
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C - Chronic hyperglycemia

o

Explanation Why

Chronic hyperglycemia due to diabetes mellitus would result in thickening of the renal arteriolar
walls and narrowing of the lumen as seen in this patient. However, the thickening is due to hyaline
arteriolosclerosis, resulting in deposition of homogeneous eosinophilic material in the vessel wall,
and not hyperplastic arteriolosclerosis. Also, the glomeruli in patients with chronic hyperglycemia
would show mesangial expansion with nodular (Kimmelstiel-Wilson lesions) or diffuse hyaline
deposits.
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D - Necrotizing vasculitis

Explanation Why

Necrotizing vasculitis of the renal arterioles, which is seen in vasculitides such as microscopic
polyangiitis, Wegener granulomatosis, and Churg-Strauss syndrome, can result in thickening of the
renal arteriolar walls. This thickening would be due to fibrinoid necrosis, resulting in eosinophilic
deposits in the vessel wall with inflammatory cells (e.g., neutrophils) in the adventitia, but it would
not be due to hyperplastic arteriolosclerosis. Also, the glomeruli in patients with any of these
conditions would show features of RPGN (e.g., glomerular crescents),.
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E - Atherosclerotic plaque rupture

Explanation Why

Rupture of an atherosclerotic plaque can result in acute renal injury due to occlusion of the renal
artery by a thrombus or due to occlusion of the renal arterioles by cholesterol crystal embolization.
However, in both of these conditions, the kidney would show features of coagulative necrosis in the
renal glomeruli (e.g., karyolysis, highly eosinophilic cytoplasm) and tubules (e.g., sloughed debris in
the lumen) as a result of infarction.

https://t.me/USMLEAmMboss https://t.me/USMLEAmbOSS


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Question # 10

A 77-year-old man with hypertension, type 2 diabetes mellitus, and atrial fibrillation is admitted to the
hospital because of a 3-hour history of nausea and flank pain. Two days after admission, he suddenly
develops aphasia and left-sided paralysis. Despite appropriate life-saving measures, he dies. A
photograph of a section of the kidney obtained at autopsy is shown. Microscopic examination of the pale
region in the photograph shows preserved cellular architecture with eosinophilic cytoplasm and no
visible nuclei. Which of the following pathological changes is most likely responsible for the renal
findings on autopsy?

Answer

Rl

A || Coagulative necrosis
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Image

Answer

Caseous necrosis

F
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Hint

The photograph shows a pale, wedge-shaped renal infarct, which would manifest with flank pain and
nausea. The most likely cause of the infarct in this patient was an embolus due to atrial fibrillation.
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Correct Answer

Image

Explanation But

An infarction can be differentiated into two types: red infarct and pale infarct. A red infarct typically
occurs due to venous occlusion in tissues with multiple blood supplies (e.g., intestine, liver, lung),
and a pale infarct typically occurs in solid organs with a single (end-arterial) blood supply (e.g.,
kidney, spleen, heart).

Explanation Why

Coagulative necrosis occurs as a result of tissue ischemia in solid organs such as the heart, liver,
spleen, and kidneys (e.g., renal infarction). Ischemia is characterized by decreased oxygen delivery,
which reduces the amount of ATP produced via aerobic glycolysis. The hypoxic cells have to switch
to anaerobic metabolism, which increases the production of lactic acid, resulting in acidosis.
Acidosis causes denaturation of proteins (including proteolytic and particularly lysosomal enzymes),
and this prevents the cell from dissolving (autolysis). For this reason, coagulative necrosis is
characterized by a temporary preserved cellular architecture either without cell nuclei or with nuclei
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that are still undergoing karyolysis.

B - Non-enzymatic fat necrosis

Explanation Why

Non-enzymatic fat necrosis is most commonly seen in fatty tissue (e.g., breast, subcutaneous tissue)
following blunt trauma or surgery. This patient’s ischemic infarct was in the kidney, in which non-
enzymatic fat necrosis could not occur. Histologic examination of non-enzymatic fat necrosis would
show lipid-laden macrophages with foreign body giant cells as well as fibrosis and dystrophic
calcifications.
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C - Gangrenous necrosis

Explanation Why

Gangrenous necrosis is most commonly seen in patients with chronic limb ischemia (dry gangrene)
or gastrointestinal tract ischemia (wet gangrene). A histologic examination of dry gangrene, which
results from tissue ischemia, would show preservation of cellular architecture along with the absence
of nuclei as seen in this patient. However, this patient's infarct was in the kidney, which is not subject
to gangrenous necrosis.

D - Liquefactive necrosis

Image
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Explanation Why

In liquefactive necrosis, lysosomal enzymes are released in order to degrade and liquefy necrotic
material. Liquefactive necrosis is classically seen in cerebral infarctions and can also occur in
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bacterial abscesses (pyogenic renal abscesses), but this patient’s ischemic infarct was in the kidney,
which is not subject to liquefactive necrosis. Histologic examination of the tissue affected by
liquefactive necrosis would show liquified tissue (due to the release of hydrolytic and lysosomal
enzymes) with multiple macrophages and cyst formation.

E - Fibrinoid necrosis

Explanation Why

Fibrinoid necrosis is most commonly seen in blood vessels in patients with vasculitides or malignant
hypertension. It is characterized by immune complex and/or fibrin deposition in the blood vessel
wall. This patient’s ischemic infarct was in the kidney, which is not subject to fibrinoid necrosis.
Histologic examination of fibrinoid necrosis would show protein-rich, eosinophlic acellular material
in damaged vessels.
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F - Caseous necrosis

Explanation Why

Caseous necrosis is associated with granulomatous infections such as nocardiosis, tuberculosis
(including renal tuberculosis), and histoplasmosis. This patient’s ischemic infarct was in the kidney,
which does not result in caseous necrosis. Granulomas typically appear as focal, round, or lobulated
nodules with surrounding edema. Histologic examination of caseous necrosis would show acellular
material that appears granular and is surrounded by macrophages, T-cells and giant cells.

https://t.me/USMLEAmMboss https://t.me/USMLEAmbOSS


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Question # 11

A previously healthy 48-year-old man comes to the physician for a 3-month history of myalgias and
recurrent episodes of retrosternal chest pain and dizziness. He has had a 5-kg (11-1b) weight loss during
this period. His temperature is 39.1°C (102.3°F), pulse is 90/min, and blood pressure is 160/102 mm Hg.
Physical examination shows lacy, purplish discoloration of the skin with multiple erythematous, tender
subcutaneous nodules on the lower legs. Some of the nodules have central ulcerations. Serum studies
show an erythrocyte sedimentation rate of 76 mm/h and creatinine level of 1.8 mg/dL. Renal MR
angiography shows irregular areas of dilation and constriction in the renal arteries bilaterally. Further
evaluation of this patient is most likely to show which of the following?

Answer Image

Etiolog

Polymyalgia rheumatica (PMR)
Giant cell arteritis (GCA; temporal arteritis)

Epidemiology
inc Fisesw

A Multinuclear giant cells with elastic Laborator andlysis
membrane fragmentation on arterial biopsy i 8

B Transmural inflammation with fibrinoid
necrosis on arterial biopsy

C Pulmonary artery microaneurysms on
pulmonary angiography
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Answer

Image

Presence of anti-myeloperoxidase
antibodies in the serum

Presence of anti-proteinase 3 antibodies in
the serum
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Hint

This patient has systemic and cutaneous features of vasculitis such as fever, weight loss, myalgia, tender
cutaneous nodules (due to panniculitis), livedo reticularis (lacy pink lesions), and increased ESR. The
presence of aneurysms and renal vessel stenosis make polyarteritis nodosa (PAN) the most likely
diagnosis.
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Correct Answer

A -

Multinuclear giant cells with elastic membrane fragmentation on arterial
biopsy

Image
Polymyalgia rheumatica (PMR)
Etiology Symmetrical pain Pain: in the tempor: i
z e temporal region
TMUNe, gre Hamrmatior leso.at night! and = L—'| J {hence "temporal arteritis*),

rrarning stiffress thickened superficial temgaral

artery

Synovitis and
carpal tunnel syndrome

Qeular invalvernent:
vision disarders,
20, amaurosis fugax, SI0ON

Epidemiology

Antibody serology

Jaw claudication

Laboratory analysis \ e Asitic invoherment
% ESR, M CR

Complications u

C A 20-30%% risk of blindriess without therapy

Note

Monercsive arthritis of —e:

General symptoms medilim:sized joints

B Baymptoms

(=) Depressive mood

|2 | weight loss

Explanation Why

Multinuclear giant cells with elastic membrane fragmentation on arterial biopsy are seen in giant cell
arteritis, which can cause myalgia (polymyalgia rheumatica) and systemic symptoms such as fever
and weight loss. Chest pain, livedo reticularis, and ulcerating, tender subcutaneous nodules have also
been reported in some patients with GCA. However, these nodules are found on the scalp and neck
rather than the lower limbs and would be accompanied by headache, jaw claudication, and/or visual
impairment, which are not reported here. Also, renal aneurysms would not be expected in GCA.
PAN, in turn, is not associated with the formation of multinuclear giant cells.
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Explanation Why

Transmural inflammation with fibrinoid necrosis on arterial biopsy is characteristic of PAN, which is
a necrotizing vasculitis of medium-sized arteries. Renal artery involvement, which occurs in about
60% of cases of PAN, can result in prerenal azotemia and hypertension. Involvement of the coronary
arteries can cause angina, as seen here, and involvement of the mesenteric vessels can lead to
symptoms of mesenteric ischemia (e.g., abdominal pain, melena). Affected patients can develop
numerous microaneurysms and spasms that are readily detected on an arteriogram. PAN is often
associated with hepatitis B and hepatitis C infection.
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C - Pulmonary artery microaneurysms on pulmonary angiography

Explanation Why

Pulmonary artery microaneurysms on pulmonary angiography may be seen in Churg-Strauss
syndrome, and Wegener granulomatosis, both of which can cause systemic symptoms (e.g., fever,
weight loss, myalgia), chest pain, livedo reticularis, tender cutaneous nodules, and hypertension with
increased creatinine due to RPGN. However, renal aneurysms would not be expected in either of
these conditions. For unknown reasons, the pulmonary arteries are characteristically spared in PAN.

D - Presence of anti-myeloperoxidase antibodies in the serum

Explanation But

Anti-myeloperoxidase antibodies (MPO-ANCA or p-ANCA) are also seen in patients eosinophilic
granulomatosis with polyangiitis (EGPA). While EGPA can also manifest with fever, malaise, tender
cutaneous nodules, chest pain, and hypertension with increased creatinine (due to RPGN), the
absence of respiratory tract involvement (e.g., asthma, sinusitis), which is characteristic of EGPA,
makes this diagnosis less likely. Furthermore, renal aneurysms would not be expected.

Explanation Why

The presence of anti-myeloperoxidase antibodies (MPO-ANCA or p-ANCA) in the serum suggests
microscopic polyangiitis, which can cause systemic symptoms (e.g., fever, weight loss, myalgia),
chest pain, livedo reticularis, tender cutaneous nodules, and hypertension with increased creatinine
due to RPGN. However, renal aneurysms would not be expected. With specific enzyme
immunoassays, almost all patients with classic PAN are negative for p-ANCA.

E - Presence of anti-proteinase 3 antibodies in the serum

Explanation Why

The presence of anti-proteinase 3 antibodies (PR3-ANCA or c-ANCA) in the serum suggests
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granulomatosis with polyangiitis, which can cause systemic symptoms (e.g., fever, weight loss,
myalgia), chest pain, livedo reticularis, tender cutaneous nodules, and hypertension with increased
creatinine due to RPGN. However, renal aneurysms would not be expected. With specific enzyme
immunoassays, almost all patients with classic PAN are negative for ccANCA.
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Question # 12

A 40-year-old sailor is brought to a military treatment facility 20 minutes after being involved in a navy
ship collision. He appears ill. He reports a sensation that he needs to urinate but is unable to void. His
pulse is 140/min, respirations are 28/min, and blood pressure is 104/70 mm Hg. Pelvic examination
shows ecchymoses over the scrotum and perineum. There is tenderness over the suprapubic region and
blood at the urethral meatus. Digital rectal examination shows a high-riding prostate. Abdominal
ultrasound shows a moderately distended bladder. X-rays of the pelvis show fractures of all four pubic

rami. Which of the following is the most likely cause of this patient's symptoms?

Answer

Image

A || Tearing of the anterior urethra

B || Blunt trauma to the prostate

C || Rupture of the corpus cavernosum

D || Rupture of the bladder
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Answer

Tearing of the posterior urethra

Pubic symphysis

Retropubic space . R

& Bladder

L L = & o iding
~~ | prostate

Puboprostatic ligament

Urethra

Posterior urethra

Urethral meatus Anterior usethra

externus

b B Bood/urine accumuiation

Tearing of the ureter
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Hint

This patient's high-riding prostate is caused by rupture of the puboprostatic ligament and the collection
of blood and urine in the retropubic space.
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Correct Answer

A - Tearing of the anterior urethra

Image

Bladder

Pubic symptysis

Prostate

Corpus cavernosum penis
Buck fascia

Corpus spongiosum penis

Urethra
Posterior urethra

Urethral meatus externus Anterior urethra

Explanation Why

B Biood/urine accumulation

Tearing of the anterior urethra may cause inability to void, blood at the meatus, scrotal and perineal
ecchymoses, and perineal tenderness. However, it would not explain this patient's high-riding

but are not associated with pelvic fractures.

prostate on physical examination. Furthermore, anterior urethral injuries are more commonly due to
straddle injuries, iatrogenic causes (e.g., traumatic catheterization, endoscopy), or penile fractures,
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B - Blunt trauma to the prostate

Explanation Why

Blunt trauma to the prostate is an unlikely cause of this patient's presentation. High-risk injuries of
the pelvis (fractures of all four pubic rami) can lead to tearing of the urethra from the bottom portion
of the prostate and could cause inability to void, blood at the meatus, scrotal and perineal
ecchymoses, and high-riding prostate on physical examination. However, blunt trauma to the prostate
gland itself is not associated with these findings.

C - Rupture of the corpus cavernosum

Explanation Why

Rupture of the tunica albuginea of the corpus cavernosum is the cause of penile fracture, caused by
traumatic bending to an erect penis. Penile fracture may cause penile hematoma or blood at the
meatus in the case of concomitant urethral injury. However, penile fracture would not explain this
patient's inability to void, scrotal and perineal ecchymoses, or high-riding prostate on physical
examination. Also, this type of injury most commonly occurs during sexual intercourse.

D - Rupture of the bladder

Explanation Why

Rupture of the bladder is a complication of high-risk pelvic fractures and may cause urinary retention
and suprapubic pain. However, bladder rupture would not explain this patient's blood at the meatus
and high-riding prostate on physical examination because of a lack of urethral involvement.
Furthermore, patients typically present with gross hematuria, and ultrasound would not show a
distended bladder.
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Image

Pubic symphiysis

Retropubic space
Bladder

Puboprostatic ligament

High-riding
prostate

Urethra

Posterior urethra

Urethral meatus I Anterior urethra

externus
B EBlood/urine accumulation

Explanation Why

Tearing of the posterior urethra causes inability to void despite urge, suprapubic pain, blood at the
urethral meatus, scrotal and perineal ecchymoses, and a high-riding prostate, all of which are present
in this patient. The membranous portion of the posterior urethra is most susceptible to injury from
high-risk pelvic fractures. Therefore, this patient's history of trauma and x-ray findings (fractures of
all four pubic rami) are consistent with a torn posterior urethra. This patient should undergo a
retrograde cystourethrogram to confirm urethral injury. Generally, placement of a Foley catheter
should be avoided prior to performing urethrogram, as it may worsen the injury.
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F - Tearing of the ureter

Explanation Why

Tearing of the ureter is a rare complication of pelvic fracture that can cause flank pain, a palpable
flank mass (urine and blood), hematuria, and fever, none of which are present in this patient. Ureteral
injury would not explain his scrotal and perineal ecchymoses, blood at the meatus, or high-riding
prostate on physical examination, which indicates injury to another location of the genitourinary
tract.
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Question # 13

A 23-year-old woman, gravida 2, para 1, at 13 weeks' gestation, comes to the physician because of a
2-day history of burning pain during urination. She has been sexually active with different male partners
during the pregnancy and did not use condoms. She has not had any fever, chills, or pelvic pain.
Physical examination shows thick, purulent discharge from the urethra. Urine dipstick shows leukocyte
esterase, urinalysis shows 10 WBCs/hpf, and Gram stain of the urethral swab shows polymorphonuclear
leukocytes with intracellular gram-negative diplococci. Pelvic ultrasound shows a viable intrauterine

pregnancy. Which of the following is the most appropriate treatment?

Answer

Image

A || Oral levofloxacin

B || Intramuscular penicillin G

C || Oral cefixime and oral doxycycline

D || Intramuscular ceftriaxone

E || Oral erythromycin

F || Intramuscular ceftriaxone and oral azithromycin
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Hint

A thick, purulent urethral discharge that shows polymorphonuclear leukocytes with intracellular
gram-negative diplococci on Gram stain indicates a diagnosis of gonorrhea.
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Correct Answer

A - Oral levofloxacin

Explanation Why

Oral levofloxacin is a second-line treatment option for confirmed infection with Chlamydia
trachomatis. Genitourinary chlamydia infection can manifest with dysuria and urethral discharge in a
sexually active patient, as seen here. However, this patient's urinalysis indicates infection with
Neisseria gonorrhoeae, for which levofloxacin is not a recommended treatment. Moreover,
fluoroquinolones are contraindicated in pregnancy due to possible damage to the fetal cartilage.

B - Intramuscular penicillin G

Explanation Why

Intramuscular penicillin G is the first-line treatment for infection with Treponema pallidum, which
causes syphilis. However, it is not recommended for the empiric treatment of urethritis because of
gonococcal antibiotic resistance. Primary syphilis typically manifests with nontender inguinal
lymphadenopathy and a chancre, a painless, genital ulcer with indurated borders. Thick, purulent
urethral discharge, which this patient presents with, is not typically seen.

C - Oral cefixime and oral doxycycline

Explanation Why

Oral cefixime and doxycycline in a single dose is an alternative regimen for empiric treatment of
urethritis. However, this combination is not a first-line treatment because the drugs are lower efficacy
and face increasing gonococcal antimicrobial resistance. Moreover, doxycycline is contraindicated
during pregnancy because it has a harmful impact on fetal skeletal development.
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D - Intramuscular ceftriaxone

Explanation Why

Intramuscular ceftriaxone is part of the recommended empiric treatment regimen for urethritis.
However, in order to increase treatment efficacy and decrease resistance to cephalosporins, it is
recommended that two antibiotics with different mechanisms of action be used (i.e., dual therapy).

E - Oral erythromycin

Explanation Why

Oral erythromycin is a second-line treatment option for confirmed infection with Chlamydia
trachomatis. Genitourinary chlamydia infection can manifest with dysuria and urethral discharge in a
sexually active patient, as seen here. However, this patient's urinalysis indicates infection with
Neisseria gonorrhoeae, for which erythromycin is not a recommended treatment. Moreover, studies
have reported cardiovascular and urinary malformations after exposure to erythromycin in

pregnancy.

Explanation But

Nucleic acid amplification testing (NAAT) for C. trachomatis is warranted to assess for coinfection,
and screening for HIV infection should be performed. NAAT for N. gonorrhea should be done 3
months after completion of therapy because of the risk of reinfection.

Explanation Why

The combination of intramuscular ceftriaxone and oral azithromycin in a single dose is used to treat
urethritis due to suspected or documented Neisseria gonorrhoeae. Azithromycin is added to cover
common coinfections with nongonococcal organisms (e.g., Chlamydia trachomatis) and decrease
antimicrobial resistance to cephalosporins. This dual regimen is safe to use during pregnancy. Sexual
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partners should be treated simultaneously to avoid reinfection. Risk factors for urethritis seen in this
patient are unprotected sexual intercourse and multiple sexual partners.
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Question # 14

A 13-year-old boy is brought to the physician because of swelling around his eyes for the past 2 days.
His mother also notes that his urine became gradually darker during this time. Three weeks ago, he was
treated for bacterial tonsillitis. His temperature is 37.6°C (99.7°F), pulse is 79/min, and blood pressure is

158/87 mm Hg. Examination shows periorbital swelling. Laboratory studies show:

Serum
Urea nitrogen || 9 mg/dL
Creatinine 1.7 mg/dL
Urine
Protein 2+
RBC 12/hpf
RBC casts numerous

A renal biopsy would most likely show which of the following findings?

Answer

"Spike-and-dome" appearance of
A || subepithelial deposits on electron
microscopy
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Answer

Image

Splitting and alternating thickening and
thinning of the glomerular basement
membrane on light microscopy

Mesangial IgA deposits on
immunofluorescence

Effacement of podocyte foot processes on
electron microscopy

Granular deposits of IgG, IgM, and C3
on immunofluorescence
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Answer

light microscopy

Glomerular crescent moon formation on
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Hint

This patient presents with signs and symptoms of nephritic syndrome (periorbital edema, gross
hematuria with RBC casts, mild proteinuria, elevated creatinine, and hypertension) 3 weeks after an
episode of bacterial tonsillitis. This presentation should raise suspicion for poststreptococcal
glomerulonephritis (PSGN).
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Correct Answer

A -

""Spike-and-dome" appearance of subepithelial deposits on electron
microscopy

Image

Explanation Why

A “spike-and-dome” appearance of subepithelial deposits on electron microscopy is a typical finding
of membranous nephropathy (MN). This condition usually manifests with nephrotic syndrome, as
opposed to the nephritic syndrome seen in this patient. MN rarely manifests in childhood; however,
when children are affected, the most common associations include hepatitis B infection and
autoimmune or thyroid disease, none of which is present in this patient.

B -
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Splitting and alternating thickening and thinning of the glomerular basement
membrane on light microscopy

Explanation Why

Splitting and alternating thickening and thinning of the glomerular basement membrane on light
microscopy may be seen in both Alport syndrome and membranoproliferative glomerulonephritis
(MPGN). These conditions typically manifest with nephritic syndrome, which is seen in this patient.
However, other characteristic features of Alport syndrome include visual disturbances and
sensorineural hearing loss, neither of which this patient has. MPGN can either be secondary to
infection (e.g., hepatitis C) or autoimmune disease, of which there is no evidence in this patient, or
idiopathic. This patient's recent history of bacterial tonsillitis suggests a different diagnosis.

C - Mesangial IgA deposits on immunofluorescence
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Explanation Why

Mesangial IgA-based immune complex deposits on immunofluorescence are a typical finding of IgA
nephropathy. This type of glomerulonephritis may manifest with nephritic syndrome, which is seen
in this patient. However, IgA nephropathy most commonly occurs during or immediately following
(2-5 days) an upper respiratory/gastrointestinal tract infection and not 2—4 weeks after. Also, IgA
nephropathy is not typically associated with bacterial tonsillitis.

D - Effacement of podocyte foot processes on electron microscopy

Image

Explanation Why

Effacement of podocyte foot processes on electron microscopy is a typical finding of minimal

change disease (MCD). MCD is most commonly seen in children. However, it manifests with

nephrotic syndrome, as opposed to the nephritic syndrome seen in this patient. MCD is mainly
idiopathic but may be triggered by recent infections or develop secondary to lymphoma.
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Image

Explanation Why

Typical renal biopsy findings of PSGN include granular deposits of IgG, IgM, and C3 along the
glomerular basement membrane and mesangium on immunofluorescence (“lumpy-bumpy” or “starry
sky” appearance), enlarged and hypercellular glomeruli on light microscopy, and subepithelial
immune complex deposits (“humps”) on electron microscopy. In response to infection with
nephritogenic strains of group A streptococci (e.g., bacterial tonsillitis), immune complexes
containing the streptococcal antigen deposit in the subendothelial and subepithelial space. These
immune complexes trigger an immune response (via complement activation) that destroys glomeruli.
The subendothelial deposits are rapidly cleared by circulating immune cells and may not be present
on renal biopsy unless performed in the early stages of PSGN.
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F - Glomerular crescent moon formation on light microscopy

Explanation Why

Glomerular crescent moon formation on light microscopy is seen in rapidly progressive
glomerulonephritis (RPGN). RPGN is characterized by the rapid destruction of renal glomeruli
manifesting as nephritic syndrome, which is seen here. Although poststreptococcal
glomerulonephritis (PSGN) can progress to RPGN, normal blood urea nitrogen, relatively mild
creatinine elevation, and no changes in urinary output after 2 days of PSGN make RPGN unlikely in
this patient.

https://t.me/USMLEAmMboss https://t.me/USMLEAmbOSS


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Question # 15

A 36-year-old man comes to the physician for a 4-week history of swollen legs. He has difficulty putting
on socks because of the swelling. Two years ago, he was diagnosed with sleep apnea. He takes no
medications. He emigrated from Guatemala with his family when he was a child. He is 171 cm

(5 ft 6 in) tall and weighs 115 kg (253 1b); BMI is 39 kg/mz. His pulse is 91/min and blood pressure is
135/82 mm Hg. Examination shows periorbital and bilateral lower extremity edema.

Serum

Albumin 3.1 g/dL

Total cholesterol || 312 mg/dL

Urine
Blood negative
Protein +4
RBC 1-2/hpf
RBC cast negative
Fatty casts numerous

A renal biopsy is obtained. Which of the following is most likely to be seen under light microscopy of
the patient's renal biopsy specimen?
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Answer

A || Segmental sclerosis of the glomeruli

Fibrin crescents within the glomerular
space

Diffuse thickening of glomerular
capillaries
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Answer

Image

Eosinophilic nodules within the
glomeruli

E || Amyloid deposition in the mesangium
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Hint

This patient has several features of nephrotic syndrome, including swelling of the face and extremities,
hypoalbuminemia, hypercholesterolemia, obesity, and heavy proteinuria (4+ on urine dipstick). The
most likely diagnosis is the most common cause of nephrotic syndrome in Hispanic populations and is
associated with obesity.
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Correct Answer

Explanation Why

This patient's nephrotic syndrome is most likely due to focal segmental glomerulosclerosis (FSGS),
which appears as segmental sclerosis and hyalinosis under light microscopy. ESGS can be primary
(i.e., idiopathic), or secondary to another condition (e.g., obesity, heroin use, sickle cell disease,
HIV). Without immunosuppressive treatment, FSGS usually leads to end-stage renal disease.
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B - Fibrin crescents within the glomerular space

Explanation Why

Fibrin crescents within the glomerular space are a characteristic finding on kidney biopsy in patients
with rapidly progressive glomerulonephritis (RPGN). Although RPGN may also cause hypertension
and edema, it would typically manifest with decreased urine output, gross hematuria, and nephritic
sediment with RBC casts on urinalysis. Furthermore, RPGN is usually secondary to an underlying
renal condition such as Goodpasture syndrome, immune complex glomerulonephritis (e.g., lupus
nephritis), or glomerulonephritis associated with vasculitis (e.g., granulomatosis with polyangiitis),
of which this patient does not have any evidence.
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C - Diffuse thickening of glomerular capillaries

Image

Explanation Why

Thickened glomerular capillary loops are typical biopsy findings in patients with membranous
nephropathy (MN), which is the most common cause of nephrotic syndrome in white populations.
MN has a strong correlation with hepatitis B and C, as well as systemic lupus erythematosus and
solid tumors, none of which are seen in this patient.
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D - Eosinophilic nodules within the glomeruli

Explanation Why

Eosinophilic nodules within the glomeruli (known as Kimmelstiel-Wilson nodules) in combination
with thickening of the glomerular basement membrane is typical of diabetic nephropathy. Although
later stages of this disease can manifest with nephrotic syndrome, as seen in this patient, he has no
history of diabetes mellitus, making another diagnosis more likely.
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E - Amyloid deposition in the mesangium

Explanation Why

Amyloid deposition in the mesangium is characteristic of renal involvement in amyloidosis. While
the kidney is the most commonly involved organ in amyloidosis, this patient does not have any other
features of amyloidosis (e.g., cardiomyopathy, macroglossia). Furthermore, this patient has no
history of conditions that predispose to amyloid deposition (e.g., multiple myeloma, rheumatoid
arthritis).
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Question # 16

A 30-year-old man comes to the emergency department because of worsening lower abdominal pain and
nausea for the past 2 hours. He reports that the pain projects into his right groin and testis. One month
ago, he woke up during the night because of similar pain in his right side. The pain became excruciating
after 30 minutes and resolved spontaneously after 6 hours. He goes to the gym at least 6 days each week
and started a new diet 3 months ago in an effort to build up muscle mass. His temperature is 37.6°C
(99.7°F), pulse is 91/min, and blood pressure is 133/82 mm Hg. Abdominal examination shows
tenderness to palpation of the right side and reduced frequency of bowel sounds; guarding and rebound
tenderness are absent. There is no swelling or erythema of the groin and scrotum. Which of the
following is the most likely cause of this patient's symptoms?

Answer Image

A || Adynamic intestinal obstruction

B Testicular torsion

C || Infection of the epididymis

D || Ureteral stone

E Incarcerated hernia

F || Periappendiceal pus
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Hint

A diet rich in proteins (e.g., to build up muscle mass), which increases urinary citrate, calcium, and uric
acid excretion, is a risk factor for this patient's condition.
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Correct Answer

A - Adynamic intestinal obstruction

Explanation Why

Adynamic intestinal obstruction (paralytic ileus) results in reduced bowel sounds, abdominal pain,
and nausea. However, in paralytic ileus, abdominal pain is caused by intestinal distention; it typically
occurs days after the onset of paralytic ileus and is present diffusely in the abdomen; a paralytic ileus
alone does not explain the hyperacute onset of lower abdominal pain, tenderness on the right side of
the abdomen, or the radiation of pain to the groin and testis seen here. This patient has a mild
paralytic ileus but his symptoms are caused by a different condition.

B - Testicular torsion

Explanation Why

Testicular torsion can manifest with groin pain, nausea, and lower abdominal pain, which are seen
here. Vigorous physical activity is a risk factor and patients might also report a similar episode in the
past that resolved spontaneously (intermittent testicular torsion). However, in testicular torsion, the
pain starts in the testicle and radiates to the abdomen, whereas the opposite is seen here. Moreover,
other features of testicular torsion, including testicular swelling, testicular tenderness, and abnormal
position of the testicle, would also be expected.

C - Infection of the epididymis

Explanation Why

Infection of the epididymis, most commonly caused by bacterial urinary tract infections or sexually
transmitted infections, may manifest with unilateral scrotal pain, flank pain, and a low-grade fever.
However, in epididymitis, the pain starts in the scrotum and may radiate to the ipsilateral flank,
whereas the opposite is seen here. Furthermore, other features of infection of the epididymis,
including scrotal swelling and scrotal erythema, are not seen in this patient. Finally, nausea,
abdominal tenderness, and reduced bowel sounds are not typical features of epididymitis.
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Explanation Why

Kidney stones classically manifest with nausea and sudden episodes of severe, unilateral abdominal
and flank pain (renal colic) due to distention of the renal capsule and/or the ureter proximal to the
obstruction. The pain radiates to the ipsilateral lower abdomen, groin, testicles (or labia majora in
women), and perineum (typically T10-S4 dermatomes) as the stone migrates from the renal pelvis
through the ureter. Occasionally, on abdominal palpation, there is also mild tenderness in the vicinity
of the stone. The pain of renal colic increases steadily, typically reaches maximum intensity within
1-2 hours, and then plateaus until the stone leaves the ureter (usually after another few hours) or is
removed. Although intermittent pain exacerbations (lasting several minutes) can occur as a result of
ureteral peristalsis, the term renal “colic” is considered a misnomer because the pain does not cease
completely in between exacerbations as it often does with intestinal colic. The passage of the stone
into the bladder characteristically results in rapid relief from pain. The two episodes of renal colic in
this patient resulted from two different ureteral stones; recurrence of urolithiasis is common.
Depending on the location of the stone, urolithiasis may resemble conditions such as appendicitis or
testicular torsion. The reduced bowel sounds on auscultation of the abdomen most likely indicate that
the patient has a mild adynamic ileus, which is a reflexive response to severe pain.

E - Incarcerated hernia

Explanation Why

An incarcerated groin hernia (e.g., femoral hernia, inguinal hernia) can result in dragging groin pain,
and weightlifting is a risk factor for hernia development. An incarcerated hernia can also cause
nausea and abdominal pain, which are seen here, as a result of mechanical bowel obstruction.
However, a patient with mechanical bowel obstruction would have hyperactive rather than
hypoactive bowel sounds, and there is no groin swelling in this patient to suggest a hernia. Moreover,
the presence of tenderness on the right side of the abdomen, the previous episode of similar pain one
month ago, and the pattern of change in pain intensity during the previous episode are not consistent
with an incarcerated hernia.
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F - Periappendiceal pus

Explanation Why

Periappendiceal pus indicates an appendiceal abscess or a ruptured appendix, which are
complications of appendicitis. While appendicitis may manifest with severe right-sided lower
abdominal pain and tenderness (at the McBurney point) as well as nausea, other features of
appendicitis (e.g., rebound tenderness, guarding, fever) would be expected. Furthermore, the
radiation of pain into the right groin and testis, the previous episode of similar pain one month ago,
and the pattern of change in pain intensity during the previous episode are not consistent with
appendicitis.
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Question # 17

A 45-year-old man with a history of recurrent gouty arthritis comes to the physician for a follow-up
examination. Four weeks ago, he was diagnosed with hyperuricemia and treatment with allopurinol was
begun. Since then, he has had another acute gout attack, which resolved after treatment with ibuprofen.
His temperature is 37.1°C (98.8°F). Physical examination shows painless, chalky nodules on the
metatarsophalangeal joint of his right foot. Laboratory studies show:

Serum

Creatinine 1.0 mg/dL

Uric acid 11.6 mg/dL

Cholesterol || 278 mg/dL

Urine

Uric acid 245 mg/24 h (N = 240-755)

Based on the urine findings, this patient would most likely benefit from treatment with which of the
following drugs to prevent future gout attacks?

Answer Image

A || Rasburicase

B || Probenecid

C Indomethacin

D || Prednisolone
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Answer

Image

Colchicine
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Hint

This patient underexcretes uric acid (i.e., normal urinary uric acid excretion in the presence of
hyperuricemia) and would most likely benefit from a uricosuric agent to help manage his symptoms.
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Correct Answer

A - Rasburicase

Explanation Why

Rasburicase catalyzes the breakdown of water-insoluble uric acid to allantoin, which can then be
renally excreted. Rasburicase is not used to treat acute or chronic gout, but it is used in the treatment
and prevention of hyperuricemia in tumor lysis syndrome.

Explanation Why

Probenecid is a uricosuric agent used as second-line therapy or in combination with allopurinol in
patients with recurrent gouty arthritis that is not controlled with allopurinol therapy alone. Patients
with underexcretion of uric acid, like this man, benefit most from probenecid because this drug
promotes renal elimination of uric acid by acting as a competitive inhibitor of reabsorption at the
proximal convoluted tubule. In addition, this patient has no contraindications for uricosuric therapy
(e.g., impaired renal function, history of nephrolithiasis), making him a good candidate for treatment
with this drug.

C - Indomethacin

Explanation Why

NSAIDs, such as indomethacin, are commonly used to treat acute gout attacks, especially in patients
who cannot tolerate glucocorticoids. This patient has already recovered from his acute gout attack
four weeks ago with the use of ibuprofen. Although NSAIDs are sometimes used to prevent acute
gout attacks during treatment initiation with urate-lowering drugs (e.g., allopurinol), they are not
indicated for long-term prophylaxis of recurrent gout because they are ineffective in preventing urate
crystal accumulation and have potentially serious adverse effects (e.g., gastric ulcers, renal function
impairment). This patient's urine findings suggest that a different drug would be more beneficial.
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D - Prednisolone

Explanation Why

Oral glucocorticoids, such as prednisolone, are commonly used to treat acute gout attacks, especially
in patients who cannot tolerate NSAIDs. This patient, however, recovered from his acute gout attack
four weeks ago with the use of ibuprofen. Furthermore, prednisolone is not used to treat chronic gout
or prevent recurrent gout attacks.

E - Colchicine

Explanation Why

Colchicine can be used to treat acute gout attacks in patients who cannot tolerate NSAIDs or
glucocorticoids. This patient, however, recovered from his acute gout attack four weeks ago with the
use of ibuprofen. Although colchicine can also be used to prevent acute gout attacks during treatment
initiation with urate-lowering drugs (e.g., allopurinol), this drug is not indicated for long-term
prophylaxis of recurrent gout because it is ineffective in preventing urate crystal accumulation and
has serious adverse effects (e.g., neuromyopathy). This patient's urine findings suggest that a
different drug would be more beneficial.
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Question # 18

A 69-year-old man comes to the physician because of a 3-week history of constant, dull pain in both
flanks. The pain is unrelated to movement or food intake. Over the past 2 weeks, he has also had fatigue,
loss of appetite, nausea, and a slightly decreased urine output. He has a long history of cluster headaches
that respond well to oral ergotamine, which he has been taking for many years to treat acute attacks. He
has smoked one pack of cigarettes daily for the past 25 years. His blood pressure is 152/98 mm Hg.
Physical examination shows bilateral pitting edema of the ankles. Abdominal and pelvic examination,
including a digital rectal examination, shows no abnormalities. Urinalysis shows no abnormalities.
Renal ultrasonography shows bilateral dilatation of the renal pelvis, calyces, and the proximal ureter.

Which of the following is the most likely cause of this patient's ultrasound findings?

Answer

Image

A || Bladder cancer

B || Ureteropelvic junction obstruction

C || Retroperitoneal fibrosis
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Answer

Image

Nephrolithiasis

Benign prostatic hyperplasia
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Hint

The constant dull flank pain in this patient is the result of long-standing hydronephrosis, which explains
his features of renal failure (e.g., fatigue, anorexia, nausea, oliguria, hypertension, edema). Bilateral
hydronephrosis and proximal ureteric dilation indicate obstructive uropathy.
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Correct Answer

A - Bladder cancer

Image

Explanation Why

Bladder cancer can cause bladder outlet obstruction and, subsequently, bilateral obstructive uropathy,
as seen here. This patient also has risk factors for bladder cancer such as smoking and advanced age.

However, patients with bladder cancer also have voiding symptoms (e.g., dysuria, urinary frequency,
urinary urgency) and/or hematuria, which are not seen here.

B - Ureteropelvic junction obstruction

Explanation Why

Ureteropelvic junction (UPJ) obstruction can result in hydronephrosis. However, because the site of
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obstruction in this condition is the junction of the renal pelvis and ureter, the proximal ureter would
not be dilated. Moreover, ureteropelvic junction obstruction is more commonly diagnosed in children
and typically presents with unilateral rather than bilateral hydronephrosis, unlike this elderly patient
with bilateral hydronephrosis.

Image

Explanation Why

Retroperitoneal fibrosis can entrap and obstruct retroperitoneal structures such as the ureters and
subsequently lead to bilateral obstructive uropathy and renal failure, as seen here. Retroperitoneal
fibrosis can also cause anorexia and nausea as a result of chronic mesenteric ischemia; and pedal
edema as a result of inferior vena cava compression. Smoking and chronic ergotamine therapy are
important risk factors for retroperitoneal fibrosis. Other risk factors include abdominal irradiation,
retroperitoneal surgeries, and 1gG4-related systemic disease.
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D - Nephrolithiasis

Explanation Why

Nephrolithiasis can cause flank pain, nausea, and obstructive uropathy. However, nephrolithiasis
typically results in unilateral obstructive uropathy. In patients with nephrolithiasis, bilateral
obstructive uropathy can result from bilateral ureteric obstruction or bladder outlet obstruction but
these scenarios are uncommon. Moreover, patients with nephrolithiasis commonly present with a
history of intermittent, colicky flank pain prior to the onset of hydronephrosis, which is absent here.
Finally, the absence of microscopic hematuria, urine crystals, and altered urine pH in this patient
make another etiology more likely.

E - Benign prostatic hyperplasia

Explanation Why

Benign prostatic hyperplasia (BPH), which is common in elderly males, can cause bladder outlet
obstruction and, subsequently, bilateral obstructive uropathy, as seen here. However, a normal digital
rectal exam and the absence of lower urinary tract symptoms (e.g., urinary frequency, urgency,
dysuria) make BPH unlikely.
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Question # 19

An investigator compares the amount of oxygen delivered to the kidneys between healthy subjects and
patients with ischemic renal injury. She measures the arterial oxygen content and estimates renal plasma
flow rate by measuring para-aminohippurate (PAH) clearance. Which of the following additional

measurements would suffice to accurately calculate the rate of oxygen delivery to the kidneys?

Answer

Image

A || Hemoglobin concentration

B || Arterial partial pressure of oxygen

C || Arterial oxygen saturation

D || Glomerular filtration rate

E Hematocrit
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Hint

Blood plasma is the portion of the blood that does not include red blood cells, white blood cells, or
platelets.
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Correct Answer

A - Hemoglobin concentration

Explanation Why

Hemoglobin (Hb) delivers oxygen to the tissue, and Hb concentration is a necessary variable for the
calculation of arterial oxygen content (CaO2) which, itself is necessary for the calculation of oxygen
delivery rate to the kidneys (renal DO2). In this case, the investigator measures CaO> directly. The
measurement of Hb concentration is not sufficient for the calculation of renal DO>.

B - Arterial partial pressure of oxygen

Explanation Why

Arterial partial pressure of oxygen (PaO2) is a necessary variable for an accurate calculation of
arterial oxygen content (Ca02), which itself is necessary for the calculation of oxygen delivery rate
to the kidneys (renal DO?). In this case, the investigator measures CaO> directly. Additional
measurement of PaO» is not sufficient for the calculation of renal DO».

C - Arterial oxygen saturation

Explanation Why

Arterial oxygen saturation (Sa0O2) is a necessary variable for the calculation of arterial oxygen
content (Ca02), which itself is necessary for the calculation of oxygen delivery rate to the kidneys
(renal DQO2). In this case, the investigator measures CaO2 directly. The measurement of SaO2 is not
sufficient for the calculation of renal DO»>.

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

D - Glomerular filtration rate

Explanation Why

If glomerular filtration rate (GFR) and renal plasma flow (RPF) are known, the filtration fraction
(FF) can be calculated: FF = GFR / RPF. However, neither GER nor FF can be used to calculate the
rate of oxygen delivery to the kidneys (renal DO2).

Explanation Why

Hematocrit (Hct) is the portion of the blood that consists of red blood cells and can be estimated by
plasma flow rate (PF) and blood flow rate (BF): Hct = (BF - PF) / BF. The rate of oxygen delivery to
the kidneys (renal DO2) can be calculated from arterial oxygen content (CaO2) and the renal blood
flow rate (RBF), according to the equation renal DO2(mL O2/min) = RBF x CaO>. RBF can be
calculated if renal plasma flow rate (RPF) and Hct are given: RBF (mL/min) = RPF / (1-Hct).
Therefore, in this case, measurement of Hct suffices for an accurate calculation of renal DO3. The
total oxygen delivered to the entire body can be calculated using cardiac output (CO) and CaO»:
DO2(mL O2/min) = CO x CaO». If CaO3 is unknown, it can be calculated as the sum of oxygen
bound to hemoglobin (which accounts for 99% of the CaO2) and oxygen dissolved in plasma:
CaO2(mL O2/mL blood) = (1.34 x Hb x Sa02) + (0.003 x Pa02).
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Question # 20

A 5-day-old male newborn is brought to the physician by his parents for evaluation of irritability and
poor feeding that began 2 days ago. He was delivered at 40 weeks' gestation and his birth weight was
3280 g (7 Ib 4 0z). His 8-year-old sister and his father are healthy. During both pregnancies, his mother
had severe polyuria. Today, he weighs 2900 g (6 1b 6 0z). Physical examination shows dry skin and
mucous membranes, decreased skin turgor, and a sunken anterior fontanelle. During the examination, he
cries without tears. Laboratory studies show a serum osmolality of 305 mOsmol/kg H2O and a urine
osmolality of 45 mOsmol/kg H2O. After the administration of a vasopressin analog, urine osmolality

remains decreased. Which of the following is the most appropriate treatment for this newborn's

condition?

Answer

Image

A || High-protein diet

B || High-sodium diet

C || Demeclocycline therapy

D || Desmopressin therapy

E || Indomethacin therapy
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Hint

Features of severe dehydration (e.g., weight loss > 9%, irritability, poor feeding, dry skin and mucous
membranes, decreased skin turgor, sunken anterior fontanelle, increased serum osmolality) and very low
urine osmolality that does not correct with the administration of a vasopressin analog indicate
nephrogenic diabetes insipidus (DI).

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Correct Answer

A - High-protein diet

Explanation Why

A high-protein diet is contraindicated in patients with diabetes insipidus because it increases renal
urea excretion, which causes solute diuresis and worsens polyuria. Rather, protein restriction (< 1 g/
day) is often advised for patients with DI.

B - High-sodium diet

Explanation Why

Excessive sodium intake (e.g., a high-sodium diet) is contraindicated in patients with diabetes
insipidus (DI) because it causes natriuresis and worsens polyuria (i.e., solute diuresis). Rather,
sodium restriction (< 100 mEqg/day) is often advised for patients with DI.

C - Demeclocycline therapy

Explanation Why

Demeclocycline acts as a vasopressin (ADH) antagonist that induces nephrogenic diabetes insipidus
(DI), worsens diuresis, and is, therefore, contraindicated in this patient with DI. Instead,
demeclocycline can be used to treat syndrome of inappropriate ADH secretion (SIADH), a disorder
that, contrary to this patient's presentation, manifests with decreased serum osmolality (due to free
water retention) and increased urine osmolality.
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D - Desmopressin therapy

Explanation Why

Desmopressin, a vasopressin (ADH) analog, is used to treat central diabetes insipidus (DI), which
can manifest with weight loss, features of dehydration, and decreased urine osmolality, all of which
are seen here. However, in central DI, urine osmolality would increase following the administration
of a vasopressin analog. Instead, this patient has nephrogenic DI (i.e., renal resistance to
vasopressin), as evidenced by the failed desmopressin trial (i.e., failure of urine osmolality to
increase following the administration of desmopressin). Desmopressin has, therefore, already been
proven ineffective.

Explanation But

Other therapeutic measures to treat nephrogenic DI are adequate hydration, dietary salt and protein
restriction (to prevent solute diuresis), and hydrochlorothiazide (HCTZ) therapy. Although HCTZ is
a diuretic, in patients with nephrogenic DI it paradoxically decreases urine volume by an
incompletely understood mechanism.

Explanation Why

Indomethacin decreases diuresis in patients with nephrogenic diabetes insipidus (DI) by inhibiting
the synthesis of renal prostaglandins, which physiologically inhibit the action of ADH on the
collecting ducts. This male newborn has hereditary nephrogenic DI, most commonly caused by an X-
linked mutation in the vasopressin V2 receptor gene (AVPRZ2), which results in the failure of
principal cells to respond to vasopressin (ADH). Females with a heterozygous mutation are typically
asymptomatic because of the presence of a functional gene and lyonization of the mutated gene.
However, they may develop polyuria during pregnancy, as seen with this neonate's mother, because
of increased clearance of vasopressin by placental vasopressinase. In contrast, males with the
mutation present with severe symptoms soon after birth.
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	Question # 33
	Hint
	Correct Answer
	A - Increased activity of H+/K+ antiporter in α-intercalated cells
	Explanation Why

	B - Decreased activity of epithelial Na+ channels in principal cells
	Explanation Why

	C - Decreased activity of Na+/K+/2Cl- cotransporter in the loop of Henle
	Explanation Why

	D - Decreased activity of Na+/H+ antiporter in the proximal convoluted tubule
	Explanation Why

	E - Increased activity of luminal K+ channels in principal cells
	Explanation Why


	Question # 34
	Hint
	Correct Answer
	A - Metformin
	Explanation Why

	B - Canagliflozin
	Image
	Explanation But
	Explanation Why

	C - Ifosfamide
	Explanation Why

	D - Glipizide
	Explanation Why

	E - Linagliptin
	Explanation Why

	F - Acarbose
	Explanation Why


	Question # 35
	Hint
	Correct Answer
	A - Pyelonephritis
	Explanation But
	Explanation Why

	B - Nephrolithiasis
	Explanation Why

	C - Profuse diarrhea
	Explanation Why

	D - Salicylate poisoning
	Image
	Explanation Why

	E - Multiple myeloma
	Explanation Why


	Question # 36
	Hint
	Correct Answer
	A - Gitelman syndrome
	Explanation Why

	B - Dehydration
	Explanation Why

	C - Psychogenic polydipsia
	Explanation Why

	D - Furosemide overdose
	Image
	Explanation Why

	E - Diabetes insipidus
	Image
	Explanation Why


	Question # 37
	Hint
	Correct Answer
	A - Increased transcription of water channels
	Explanation Why

	B - Impermeability to sodium
	Explanation Why

	C - Increased urea excretion
	Explanation Why

	D - Increased bicarbonate reabsorption
	Explanation Why

	E - Impermeability to water
	Explanation Why


	Question # 38
	Hint
	Correct Answer
	A - Bacteremia
	Explanation Why

	B - Hypovolemia
	Explanation Why

	C - Kidney stones
	Explanation Why

	D - Prostate cancer
	Explanation Why

	E - NSAID adverse effect
	Image
	Explanation Why

	F - Multiple myeloma
	Explanation Why


	Question # 39
	Hint
	Correct Answer
	A - Decreased serum protein binding
	Explanation Why

	B - Increased plasma oncotic pressure
	Explanation Why

	C - Efferent arteriole dilation
	Explanation Why

	D - Afferent arteriole dilation
	Explanation Why

	E - Decreased PAH clearance
	Image
	Explanation But
	Explanation Why


	Question # 40
	Hint
	Correct Answer
	A - HIV infection
	Image
	Explanation Why

	B - Amyloidosis
	Image
	Explanation Why

	C - Chronic hyperglycemia
	Explanation But
	Explanation Why

	D - Recurrent kidney infections
	Image
	Explanation Why

	E - Long-standing hypertension
	Explanation Why

	F - Systemic lupus erythematosus
	Image
	Explanation Why


	Question # 1
	Hint
	Correct Answer
	A - Distal convoluted tubules
	Explanation Why

	B - Proximal convoluted tubules
	Image
	Explanation But
	Explanation Why

	C - Glomerulus
	Explanation Why

	D - Renal pelvis
	Image
	Explanation Why

	E - Collecting tubules
	Image
	Explanation Why


	Question # 2
	Hint
	Correct Answer
	A - Antagonism of muscarinic M3 receptors
	Explanation But
	Explanation Why

	B - Antagonism of alpha-1 adrenergic receptors
	Explanation Why

	C - Antagonism of beta-3 adrenergic receptors
	Explanation But
	Explanation Why

	D - Agonism of beta-2 adrenergic receptors
	Explanation Why

	E - Agonism of muscarinic M2 receptors
	Explanation Why

	F - Antagonism of nicotinic receptors
	Explanation Why


	Question # 3
	Hint
	Correct Answer
	A - A
	Explanation Why

	B - B
	Image
	Explanation Why

	C - C
	Explanation Why

	D - D
	Explanation Why

	E - E
	Explanation Why


	Question # 4
	Hint
	Correct Answer
	A - Decreased cAMP in renal tubular cells
	Explanation Why

	B - Increased tubular fluid osmolarity in the loop of Henle
	Explanation Why

	C - Decreased binding of angiotensin II to AT1 receptor
	Explanation Why

	D - Increased permeability to urea in the collecting duct
	Explanation Why

	E - Increased bleeding time
	Explanation Why


	Question # 5
	Hint
	Correct Answer
	A - Granular subepithelial immune complex deposition
	Explanation Why

	B - Systemic amyloid protein aggregation
	Explanation Why

	C - Defective circulating IgA antibodies
	Explanation Why

	D - Anti-type IV collagen antibody formation
	Explanation Why

	E - DNA-anti-DNA antibody immune complex formation
	Explanation Why


	Question # 6
	Hint
	Correct Answer
	A - Prostate
	Explanation Why

	B - Urethra
	Explanation Why

	C - Ureter
	Explanation Why

	D - Renal interstitium
	Explanation Why

	E - Glomerulus
	Image
	Explanation Why

	F - Urinary bladder
	Explanation Why


	Question # 7
	Hint
	Correct Answer
	A - Tubular lumen obstruction by protein casts
	Explanation Why

	B - Necrotizing inflammation of the renal glomeruli
	Explanation Why

	C - Bacterial infection of the renal parenchyma
	Explanation Why

	D - Lipid peroxidation within tubular cells
	Explanation Why

	E - Vasoconstriction of the medullary vessels
	Explanation Why


	Question # 8
	Hint
	Correct Answer
	A - Collecting duct
	Explanation Why

	B - Straight segment of proximal tubule
	Image
	Explanation Why

	C - Thin ascending limb of loop of Henle
	Explanation But
	Explanation Why

	D - Thin descending limb of loop of Henle
	Explanation Why

	E - Convoluted segment of proximal tubule
	Explanation Why

	F - Convoluted segment of distal tubule
	Explanation Why


	Question # 9
	Hint
	Correct Answer
	A - Short intramural ureter segment
	Explanation Why

	B - Bladder outlet obstruction
	Explanation Why

	C - Posterior urethral valves
	Explanation Why

	D - Chronic inflammation of renal interstitium
	Explanation Why

	E - Formation of renal parenchymal cysts
	Explanation Why


	Question # 10
	Hint
	Correct Answer
	A - Non-enveloped with linear, single-stranded DNA
	Explanation Why

	B - Non-enveloped with linear, single-stranded RNA
	Explanation Why

	C - Enveloped with linear, double-stranded DNA
	Explanation Why

	D - Enveloped with linear, single-stranded RNA
	Explanation But
	Explanation Why

	E - Non-enveloped with linear, double-stranded DNA
	Explanation Why


	Question # 11
	Hint
	Correct Answer
	A - Bilateral hypoplasia of kidneys
	Explanation Why

	B - Mutation on the short arm of chromosome 16
	Image
	Explanation Why

	C - Valvular obstruction of urine outflow
	Explanation Why

	D - Nondisjunction of chromosome 18
	Explanation Why

	E - Cystic dilation of collecting ducts
	Explanation Why


	Question # 12
	Hint
	Correct Answer
	A - Distal ascending loop of Henle is hypertonic
	Explanation Why

	B - Distal descending loop of Henle is hypotonic
	Explanation Why

	C - Proximal convoluted tubule is hypertonic
	Explanation Why

	D - Collecting duct is hypotonic
	Explanation Why

	E - Distal convoluted tubule is hypertonic
	Explanation Why


	Question # 13
	Hint
	Correct Answer
	A - Decreases sodium reabsorption at the collecting tubules
	Image
	Explanation Why

	B - Increases potassium excretion at the collecting ducts
	Explanation Why

	C - Constricts afferent renal arteriole
	Explanation Why

	D - Decreases reabsorption of bicarbonate in the proximal convoluted tubules
	Explanation Why

	E - Increases free water reabsorption from the distal tubules
	Explanation Why


	Question # 14
	Hint
	Correct Answer
	A - 3 L/min
	Explanation Why

	B - 6 L/min
	Explanation Why

	C - 8 L/min
	Explanation Why

	D - 1.2 L/min
	Explanation Why

	E - 4 L/min
	Explanation Why


	Question # 15
	Hint
	Correct Answer
	A - Urinary tract infection
	Explanation Why

	B - Use of vitamin C supplements
	Explanation Why

	C - Uric acid precipitation
	Explanation Why

	D - Inflammatory bowel disease
	Explanation Why

	E - Ethylene glycol ingestion
	Explanation Why

	F - Hereditary deficiency in amino acid reabsorption
	Explanation Why


	Question # 16
	Hint
	Correct Answer
	A - A
	Explanation Why

	B - B
	Explanation Why

	C - C
	Explanation Why

	D - D
	Explanation Why

	E - E
	Explanation Why


	Question # 17
	Hint
	Correct Answer
	A - 25 mg/min
	Explanation Why

	B - 620 mg/min
	Explanation Why

	C - 124 mg/min
	Explanation Why

	D - 7 mg/min
	Explanation Why

	E - 166 mg/min
	Explanation Why


	Question # 18
	Hint
	Correct Answer
	A - Abscess formation in the prostate
	Explanation Why

	B - Irreversible decrease in renal function
	Explanation Why

	C - Impaired intracavernosal blood flow
	Explanation Why

	D - Inflammation of the renal interstitium
	Explanation Why

	E - Blastic bone lesions
	Explanation Why


	Question # 19
	Hint
	Correct Answer
	A - Relaxation of urinary smooth muscle
	Explanation Why

	B - Inhibition of the renal Na-K-Cl cotransporter
	Explanation Why

	C - Inhibition of vasopressin
	Explanation Why

	D - Constriction of the afferent arteriole
	Explanation Why

	E - Constriction of the efferent arteriole
	Image
	Explanation But
	Explanation Why


	Question # 20
	Hint
	Correct Answer
	A - Inhibition of hypoxia-inducible factor 1a
	Explanation Why

	B - Deficiency of 17α-hydroxylase
	Explanation Why

	C - Increased expression of insulin-like growth factor 2
	Explanation Why

	D - Deletion of a gene on chromosome 11
	Explanation Why

	E - Point mutation of the WT1 gene
	Explanation But
	Explanation Why


	Question # 21
	Hint
	Correct Answer
	A - Lipoteichoic acid
	Explanation Why

	B - K capsule
	Explanation Why

	C - Urease
	Explanation Why

	D - Toxin B
	Explanation Why

	E - Pyoverdine
	Explanation Why


	Question # 22
	Hint
	Correct Answer
	A - Abnormal fusion of the urethral folds
	Image
	Explanation Why

	B - Failed closure of the vitelline duct
	Explanation But
	Explanation Why

	C - Failed obliteration of an allantoic remnant
	Explanation But
	Explanation Why

	D - Infection of the umbilical cord stump
	Image
	Explanation Why

	E - Incomplete closure of the lateral folds
	Image
	Explanation Why

	F - Malformation of the medial umbilical ligament
	Image
	Explanation Why


	Question # 23
	Hint
	Correct Answer
	A - Internal urethral orifice
	Explanation Why

	B - Ejaculatory duct opening
	Image
	Explanation Why

	C - Ureteric orifice
	Image
	Explanation Why

	D - Diverticular opening
	Explanation Why

	E - Prostatic utricle
	Explanation Why


	Question # 24
	Hint
	Correct Answer
	A - A
	Image
	Explanation Why

	B - B
	Explanation Why

	C - C
	Explanation Why

	D - D
	Explanation Why

	E - E
	Image
	Explanation Why


	Question # 25
	Hint
	Correct Answer
	A - Poststreptococcal glomerulonephritis
	Image
	Explanation Why

	B - Alport syndrome
	Explanation Why

	C - Focal segmental sclerosis
	Explanation Why

	D - Minimal change disease
	Explanation Why

	E - IgA nephropathy
	Explanation Why

	F - Membranous nephropathy
	Explanation Why

	G - Membranoproliferative glomerulonephritis
	Explanation Why

	H - Diffuse proliferative glomerulonephritis
	Explanation Why

	I - Rapidly progressive glomerulonephritis
	Explanation Why


	Question # 26
	Hint
	Correct Answer
	A - pH of 7.8
	Explanation Why

	B - Urease-producing bacteria
	Explanation Why

	C - Low citrate concentration
	Explanation Why

	D - High uric acid concentration
	Explanation Why

	E - Hexagon-shaped crystals
	Image
	Explanation Why


	Question # 27
	Hint
	Correct Answer
	A - Alpha-1 receptor antagonist
	Explanation Why

	B - Muscarinic agonist
	Explanation Why

	C - Muscarinic antagonist
	Explanation Why

	D - Alpha-1 receptor agonist
	Explanation Why

	E - 5-alpha-reductase inhibitor
	Explanation Why


	Question # 28
	Hint
	Correct Answer
	A - High urine urea with granular casts
	Explanation Why

	B - Low urine sodium and low urine osmolality
	Explanation Why

	C - Low urine sodium with hyaline casts
	Image
	Explanation Why

	D - High urine protein with fatty casts
	Explanation Why

	E - Low urine osmolality with RBC casts
	Explanation Why


	Question # 29
	Hint
	Correct Answer
	A - Carotid body
	Explanation Why

	B - Adrenal medulla
	Explanation But
	Explanation Why

	C - Thyroid gland
	Explanation Why

	D - Papillary muscle
	Explanation But
	Explanation Why

	E - Anterior pituitary
	Explanation Why


	Question # 30
	Hint
	Correct Answer
	A - Dysplastic cells extending into the lamina propria
	Explanation Why

	B - Nests of atypical cells in the urothelium
	Explanation Why

	C - Friable urothelium with ulcerations
	Explanation Why

	D - Disordered urothelium lined with papillary fronds
	Explanation Why

	E - Tubular glands with mucin secretions
	Explanation Why


	Question # 31
	Hint
	Correct Answer
	A - Magnesium ammonium phosphate
	Image
	Explanation Why

	B - Calcium oxalate
	Image
	Explanation Why

	C - Calcium phosphate
	Explanation Why

	D - Cystine
	Explanation Why

	E - Ammonium urate
	Explanation Why


	Question # 32
	Hint
	Correct Answer
	A - Staphylococcus epidermidis
	Explanation Why

	B - Pseudomonas aeruginosa
	Explanation Why

	C - Klebsiella pneumoniae
	Explanation Why

	D - Proteus mirabilis
	Explanation Why

	E - Staphylococcus saprophyticus
	Image
	Explanation But
	Explanation Why

	F - Escherichia coli
	Explanation Why

	G - Enterococcus faecalis
	Explanation Why


	Question # 33
	Hint
	Correct Answer
	A - Low iron intake
	Explanation Why

	B - Low bone mineral density
	Explanation Why

	C - Insulin resistance
	Explanation Why

	D - Normal aging
	Explanation Why

	E - High serum aldosterone levels
	Explanation Why

	F - Volume depletion
	Explanation Why

	G - High salt diet
	Explanation Why

	H - Low body mass index
	Explanation Why


	Question # 34
	Hint
	Correct Answer
	A - Cytochrome C release
	Explanation Why

	B - Impaired Na+/K+-ATPase pump activity
	Explanation Why

	C - Cytoplasmic triglyceride accumulation
	Explanation Why

	D - Double-stranded DNA breakage
	Explanation Why

	E - Free radical formation
	Explanation Why


	Question # 35
	Hint
	Correct Answer
	A - Gram-negative, encapsulated diplococcus
	Explanation Why

	B - Gram-negative, aerobic coccobacillus
	Explanation Why

	C - Gram-positive, club-shaped rod
	Explanation Why

	D - Gram-negative, comma-shaped rod
	Explanation Why

	E - Gram-positive, spore-forming rod
	Image
	Explanation Why

	F - Gram-positive, β-hemolytic coccus
	Explanation Why


	Question # 36
	Hint
	Correct Answer
	A - Ethylene glycol intoxication
	Explanation Why

	B - Impaired HCO3- reabsorption in the proximal tubule
	Explanation Why

	C - Decreased serum aldosterone levels
	Explanation Why

	D - Impaired H+ secretion in the distal tubule
	Explanation Why

	E - Increased serum lactate levels
	Explanation Why

	F - Decreased serum cortisol levels
	Explanation Why


	Question # 37
	Hint
	Correct Answer
	A - Uric acid
	Image
	Explanation Why

	B - Cystine
	Image
	Explanation Why

	C - Calcium oxalate
	Image
	Explanation Why

	D - Calcium phosphate
	Explanation Why

	E - Magnesium ammonium phosphate
	Explanation Why


	Question # 38
	Hint
	Correct Answer
	A - Triamterene
	Explanation Why

	B - Fludrocortisone
	Explanation Why

	C - Bumetanide
	Explanation But
	Explanation Why

	D - Tolvaptan
	Explanation Why

	E - Hydrochlorothiazide
	Explanation Why

	F - Acetazolamide
	Explanation Why

	G - Mannitol
	Explanation Why


	Question # 39
	Hint
	Correct Answer
	A - Pedunculated tumor comprised of pleomorphic urothelial cells with severe nuclear atypia
	Image
	Explanation Why

	B - Grayish-brown tumor comprised of squamous cells with keratin pearls
	Explanation Why

	C - Tumor with central scar comprised of large eosinophilic cells with central nuclei
	Explanation Why

	D - Bright yellow tumor comprised of polygonal cells filled with lipids and glycogen
	Explanation Why

	E - Grayish-tan tumor comprised of primitive blastemal cells forming abortive glomeruli
	Explanation Why


	Question # 40
	Hint
	Correct Answer
	A - Creatinine is not freely filtered
	Explanation Why

	B - Inulin is passively reabsorbed
	Explanation Why

	C - Inulin is actively secreted
	Explanation Why

	D - Inulin is not freely filtered
	Explanation Why

	E - Creatinine is passively reabsorbed
	Explanation Why

	F - Creatinine is actively secreted
	Image
	Explanation But
	Explanation Why


	Question # 1
	Hint
	Correct Answer
	A - Torsemide
	Explanation Why

	B - Nifedipine
	Explanation Why

	C - Clonidine
	Explanation Why

	D - Eplerenone
	Image
	Explanation Why

	E - Hydralazine
	Explanation Why


	Question # 2
	Hint
	Correct Answer
	A - Tacrolimus toxicity
	Explanation Why

	B - Acute interstitial nephritis
	Explanation Why

	C - Preformed antibody-mediated rejection
	Explanation Why

	D - T cell-mediated rejection
	Explanation Why

	E - Prednisolone toxicity
	Explanation Why

	F - Sirolimus toxicity
	Explanation Why


	Question # 3
	Hint
	Correct Answer
	A - Compressor urethrae
	Explanation Why

	B - Internal urethral sphincter
	Explanation Why

	C - Sphincter urethrae
	Explanation Why

	D - Levator ani
	Explanation Why

	E - Deep transverse perineal muscles
	Explanation Why


	Question # 4
	Hint
	Correct Answer
	A - S1-S2 nerve roots
	Explanation Why

	B - Superior gluteal nerve
	Explanation Why

	C - Superior hypogastric plexus
	Explanation Why

	D - Obturator nerve
	Explanation Why

	E - S3–S4 nerve roots
	Explanation But
	Explanation Why

	F - Ilioinguinal nerve
	Explanation Why


	Question # 5
	Hint
	Correct Answer
	A - Carpopedal spasm
	Explanation Why

	B - Perifollicular hemorrhage
	Explanation Why

	C - Nystagmus
	Explanation Why

	D - Photodermatitis
	Explanation Why

	E - Circumcorneal neovascularization
	Explanation Why

	F - Night blindness
	Image
	Explanation Why

	G - Intracranial hypertension
	Explanation Why


	Question # 6
	Hint
	Correct Answer
	A - Low-potassium diet
	Explanation Why

	B - High-protein diet
	Explanation Why

	C - Amoxicillin with clavulanic acid
	Image
	Explanation Why

	D - Dietary calcium restriction
	Image
	Explanation Why

	E - Allopurinol
	Image
	Explanation Why

	F - Chlorthalidone
	Explanation But
	Explanation Why


	Question # 7
	Hint
	Correct Answer
	A - Alcohol consumption
	Explanation Why

	B - Cigarette smoking
	Explanation Why

	C - Clonorchis infection
	Explanation Why

	D - Schistosoma infection
	Explanation Why

	E - Vinyl chloride exposure
	Explanation Why

	F - Nitrosamine ingestion
	Explanation Why


	Question # 8
	Hint
	Correct Answer
	A - Pelvic floor exercises
	Explanation Why

	B - Intermittent catheterization
	Explanation Why

	C - Amitriptyline therapy
	Explanation Why

	D - Prazosin therapy
	Explanation Why

	E - Pessary placement
	Explanation Why

	F - Duloxetine therapy
	Explanation But
	Explanation Why

	G - Oxybutynin therapy
	Explanation Why


	Question # 9
	Hint
	Correct Answer
	A - Mycotic aneurysm
	Explanation Why

	B - Severe hypertension
	Explanation Why

	C - Chronic hyperglycemia
	Image
	Explanation Why

	D - Necrotizing vasculitis
	Image
	Explanation Why

	E - Atherosclerotic plaque rupture
	Image
	Explanation Why


	Question # 10
	Hint
	Correct Answer
	A - Coagulative necrosis
	Image
	Explanation But
	Explanation Why

	B - Non-enzymatic fat necrosis
	Image
	Explanation Why

	C - Gangrenous necrosis
	Explanation Why

	D - Liquefactive necrosis
	Image
	Explanation Why

	E - Fibrinoid necrosis
	Image
	Explanation Why

	F - Caseous necrosis
	Image
	Explanation Why


	Question # 11
	Hint
	Correct Answer
	A - Multinuclear giant cells with elastic membrane fragmentation on arterial biopsy
	Image
	Explanation Why

	B - Transmural inflammation with fibrinoid necrosis on arterial biopsy
	Image
	Explanation Why

	C - Pulmonary artery microaneurysms on pulmonary angiography
	Explanation Why

	D - Presence of anti-myeloperoxidase antibodies in the serum
	Explanation But
	Explanation Why

	E - Presence of anti-proteinase 3 antibodies in the serum
	Explanation Why


	Question # 12
	Hint
	Correct Answer
	A - Tearing of the anterior urethra
	Image
	Explanation Why

	B - Blunt trauma to the prostate
	Explanation Why

	C - Rupture of the corpus cavernosum
	Explanation Why

	D - Rupture of the bladder
	Explanation Why

	E - Tearing of the posterior urethra
	Image
	Explanation Why

	F - Tearing of the ureter
	Explanation Why


	Question # 13
	Hint
	Correct Answer
	A - Oral levofloxacin
	Explanation Why

	B - Intramuscular penicillin G
	Explanation Why

	C - Oral cefixime and oral doxycycline
	Explanation Why

	D - Intramuscular ceftriaxone
	Explanation Why

	E - Oral erythromycin
	Explanation Why

	F - Intramuscular ceftriaxone and oral azithromycin
	Explanation But
	Explanation Why


	Question # 14
	Hint
	Correct Answer
	A - "Spike-and-dome" appearance of subepithelial deposits on electron microscopy
	Image
	Explanation Why

	B - Splitting and alternating thickening and thinning of the glomerular basement membrane on light microscopy
	Explanation Why

	C - Mesangial IgA deposits on immunofluorescence
	Image
	Explanation Why

	D - Effacement of podocyte foot processes on electron microscopy
	Image
	Explanation Why

	E - Granular deposits of IgG, IgM, and C3 on immunofluorescence
	Image
	Explanation Why

	F - Glomerular crescent moon formation on light microscopy
	Image
	Explanation Why


	Question # 15
	Hint
	Correct Answer
	A - Segmental sclerosis of the glomeruli
	Image
	Explanation Why

	B - Fibrin crescents within the glomerular space
	Image
	Explanation Why

	C - Diffuse thickening of glomerular capillaries
	Image
	Explanation Why

	D - Eosinophilic nodules within the glomeruli
	Image
	Explanation Why

	E - Amyloid deposition in the mesangium
	Image
	Explanation Why


	Question # 16
	Hint
	Correct Answer
	A - Adynamic intestinal obstruction
	Explanation Why

	B - Testicular torsion
	Explanation Why

	C - Infection of the epididymis
	Explanation Why

	D - Ureteral stone
	Explanation Why

	E - Incarcerated hernia
	Explanation Why

	F - Periappendiceal pus
	Explanation Why


	Question # 17
	Hint
	Correct Answer
	A - Rasburicase
	Explanation Why

	B - Probenecid
	Explanation Why

	C - Indomethacin
	Explanation Why

	D - Prednisolone
	Explanation Why

	E - Colchicine
	Explanation Why


	Question # 18
	Hint
	Correct Answer
	A - Bladder cancer
	Image
	Explanation Why

	B - Ureteropelvic junction obstruction
	Explanation Why

	C - Retroperitoneal fibrosis
	Image
	Explanation Why

	D - Nephrolithiasis
	Explanation Why

	E - Benign prostatic hyperplasia
	Explanation Why


	Question # 19
	Hint
	Correct Answer
	A - Hemoglobin concentration
	Explanation Why

	B - Arterial partial pressure of oxygen
	Explanation Why

	C - Arterial oxygen saturation
	Explanation Why

	D - Glomerular filtration rate
	Explanation Why

	E - Hematocrit
	Explanation Why


	Question # 20
	Hint
	Correct Answer
	A - High-protein diet
	Explanation Why

	B - High-sodium diet
	Explanation Why

	C - Demeclocycline therapy
	Explanation Why

	D - Desmopressin therapy
	Explanation Why

	E - Indomethacin therapy
	Explanation But
	Explanation Why


	Blank Page

