www.MedicalSchoolCompanion.org
Kidney: Clinical Pathologic Correlation
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There are 6-7 basic presentations of kidney disease. There are no short cuts to learning
them; this requires repetition and effort.
As with most organ systems, it is best to start with chronic progressive disease that
leads to organ failure.
Chronic progressive renal disease should be first understood through the gradual
decrease in GFR ( for more details, see: Kidney: Renal Function Testing & Renal Failure)
o The first manifestations of chronic renal failure occur when the GFR is <30
mL/min (i.e. Stage 4). These are hypertension and fatigue of anemia.
o When the GFR is < 15 mL/min, there is multiorgan failure, called uremia (Stage
5). Without dialysis, death follows within months.
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Chronic renal failure is defined as failure over a time period > 12 weeks. Failure
occurring over 1-11 weeks is called “rapidly progressive” instead of the more
conventional term of “subacute”. While “acute” renal failure occurs over hours to days,
it is defined by oliguria, defined as urine production <400-500 mL/24 hour).
In the developed world, chronic renal failure most commonly presents at Stage 4 as
fatigue from the anemia that develops from the lack of erythropoietin. The second
commonest presentation is the development of hypertension that is resistant to
medical treatment.
Uremia is a syndrome, that is, a collection of signs and symptoms from a single
pathology. Most of the patient complaints are non-specific and require laboratory
testing to establish a renal origin.
o Cardiomyopathy…………………………….shortness of breath
o Pericarditis……………………………………..chest pain
o Gastrointestinal……………………………..abdominal pain, constipation
o Mental changes……………………………..confusion → coma
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o Anemia………………………………………….fatigue
o Muscle wasting……………………………. weakness
o Increased plasma volume………………edema
o Platelet dysfunction……………………….bleeding disorder
The abnormal laboratory findings of increased urea (BUN) and creatinine are called
azotemia.
The key laboratory test used for testing is the eGFR, which is calculated from the serum
creatinine (for more, see: Kidney: Renal function testing & Renal failure)
Stage 5 chronic renal failure is called End Stage Kidney Disease, (ESKD) or end stage
renal disease. Patients require dialysis or kidney transplant to survive.

There is no consensus on the definition of oliguria. Different institutions define it as
urine production < 400-500 mL/24 hours. It can usually be recognized within 6-12 hours.
Acute kidney injury (AKI) is the term preferred by some authors versus acute renal
failure
The differential diagnosis for post-operative oliguria also includes the syndrome of
inappropriate antidiuretic hormone (SIADH). This should be suspected when there is
hyponatremia.
There is no strict difference between hypoperfusion oliguria (i.e. pre-renal) and acute
kidney injury (i.e. renal). Severe hypoperfusion can progress into AKI.
Acute kidney injury may be due to renal hypoperfusion, called prerenal failure, acute
tubular necrosis, called renal failure and obstruction, called post-renal failure.
o Pre-renal and renal disease can be differentiated by four basic tests of
BUN/creatinine ratio, FENa+, Urine Na+ and Urine osmolality.
AKI can result from toxicity to the renal tubules. This does not occur all at once, and so it
may not be associated with the oliguria caused by plugging of the renal tubule by the
sloughing necrotic tubular cells. The only way to recognize the renal failure is by a rising
serum creatinine over several days.

o
o
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AKI is defined as an increase in serum creatinine >0.3 mg/dL over 48 hours.
Common tubular toxins include the aminoglycosides, NSAIDs, amphotericin and
radiocontrast dyes.
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Anuria has a differential diagnosis than oliguria. It is due either to complete obstruction
(e.g. Foley catheter obstruction, prostate or both ureters) or extensive necrosis of the
renal cortex.

-

Blood in the urine can arise from disease anywhere along the urinary
tract. Urinary casts can only arise in the renal tubules, so RBC casts prove
that hematuria is arising in the kidney. RBCs can only be present in the
tubules when there is severe damage to the glomerulus, and this is most
commonly due to inflammation in acquired disease.
o RBC cast are pathognomonic of glomerulonephritis.
Significant protein can only be present in the urine if there is significant
damage to the glomerulus. Therefore, hematuria with proteinuria
indicates glomerulonephritis.
o Marked proteinuria indicates glomerular disease.

-
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The etiology of the glomerular disease is made by renal biopsy. Renal
biopsy is not indicated in children as the commonest cause of
glomerulonephritis is post-streptococcal in origin and this is self-limited.

-

Edema, abnormal interstitial fluid, is usually due to an abnormality of Starling’s forces.
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In an office setting, these diseases can be ruled in and ruled out by the physical
examination and simple tests:
o Nephrotic syndrome…………………..4+ proteinuria on urine dipstick
o CHF…………………………………………….S3 and crackles
o Cirrhosis …………………………………….portal hypertension
• splenomegaly, ascites, caput Medusa and
hemorrhoids
hyperestrogenism
feminization, palmar erythema, spider
angiomata
o Chronic renal failure…………………..↑creatinine
Diagnosis is established in adults by renal biopsy. The most common 1° cause is
membranous glomerulopathy; the most common 2° cause is diabetes mellitus.
o Biopsy is not performed on children as minimal change disease is the most
common cause and it is a benign, self-limited disease.
•

-

-
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Urinary tract infection is likely in a setting of fever and costovertebral angle tenderness.
It can be confirmed by urine dipstick which will be positive for leukocytes esterase (i.e.
pyuria) and nitrites (i.e. bacteria).
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Colic is intermittent pain that waxes and wanes.
It is associated with obstruction of a hollow organ.
o Small bowel obstruction: there are periods with no pain between attacks
o Acute cholecystitis: colic occurs in early disease in the obstruction phase. It is epigastric
in location. When the inflammatory phase follows in 4-6 hours, the pain moves to the
RUQ and becomes steady in nature.
o Ureteric obstruction: the pain can radiate into the groin if the stone obstructs in a more
distal location. The stone surfaces are sharp and traumatize the mucosal surface of the
ureter. Hematuria is an expected finding.
Ultrasound is used in the emergency room to identify the stone as it is easy, convenient and
emits no radiation. It only has a sensitivity of about 70%. CT scan is considered the gold
standard, with a sensitivity >95%.
It is important to filter the urine so that the type of stone can be established by crystallography.
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WBC casts are pathognomonic for acute pyelonephritis
UTI is common in women, as colonization of the distal urethra occurs easily due to its
proximity to the anus. Acute pyelonephritis occurs when there is reflux of urine up the
ureter due to fibrosis around the ureter’s insertion through the bladder wall. Fibrosis
follows the chronic inflammation of recurrent cystitis.
UTI is seen in males only when there is an outflow obstruction. In old males, this is due
to benign prostatic hyperplasia. In male children, it is due to congenital anomalies such
as vesicoureteral reflux and urethral valves.

6

© 2020, ClinicoPath LLC. All rights reserved.

www.MedicalSchoolCompanion.org

-

-

-

Resistant hypertension is defined as hypertension (HT) while on 3 anti-hypertensive
medications.
The clinical significance lies in the fact that these patients should be investigated for a secondary
cause.
o >90% of hypertension is of unknown cause, hence the various terms used to describe
the condition: essential HT, 1°HT and idiopathic HT.
Most resistant hypertension is due to 1 of 3 causes:
o 1° hyperaldosteronism
o Renovascular hypertension
o Chronic renal failure (Stages 4 & 5)
Other rarer causes include:
o Endocrine: pheochromocytoma, Cushing disease, hyperthyroidism, hyperparathyroidism
o Medications
o Coarctation of the aorta
Obstructive Sleep Apnea
There is a clear association between sleep apnea and hypertension, especially resistant HT.
The challenge is to identify an independent effect of the OSA, which, like hypertension, is
common in obesity and old age. The current consensus is that effective treatment of OSA has
a direct effect of decreasing blood pressure

-
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Diagnosis:
o Chronic renal failure can be diagnosed by using the serum creatinine to calculate the
eGFR. Hypertension arises when the eGFR <60 mL/min (i.e. Stage 4 and 5 disease). In
the US, the majority of chronic renal failure is secondary to diabetes mellitus (40%) and
hypertension (25%).
o Aldosterone / renin ratio:
 1° hyperaldosteronism is due to non-suppressible secretion of aldosterone by
the adrenal cortex (2/3 bilateral hyperplasia, 1/3 adenoma). The resulting
hypertension from hypervolemia suppresses production of renin by the
juxtaglomerular apparatus.
 Renovascular hypertension is due to a >70% stenosis of the renal artery. In the
elderly, this is usually due to proximal atherosclerotic plaque. In younger
women it is more likely to be due to fibromuscular dysplasia. The decrease in
perfusion pressure of the glomerulus causes and increase in renin release and
an increase in aldosterone release.
Disease
Aldosterone Renin A/R ratio
1° hyperaldosteronism
↑
↓
>30
Renovascular hypertension
↑
↑
<30
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Imaging:
 1° hyperaldosteronism: CT scan and MRI scan equally diagnose hyperplasias and
adenomas. The distinction matters as adenomas can be cured by resection
while bilateral hyperplasias are treated medically with a mineralocorticoid
receptor antagonist (e.g. spironolactone).
 Renal artery stenosis: diagnosis is established by demonstrating stenosis >70%
of the renal artery diameter. This can be achieved by ultrasound, CT scan
arteriography which uses dye injection and magnetic resonance angiography.
Renal vein renin:
 Measurement of renin levels in the renal veins can be used with borderline
findings in other tests. It provides direct measurement of renal output and
comparison of the affected kidney to the unaffected kidney.
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Kidney: Clinical Pathologic Correlation
Do You Know It?
1. If a patient had untreated hypertension and developed nephrosclerosis, what would be the first
manifestation of renal failure?

2. Describe the time frame of:
a. Chronic renal failure
b. Rapidly progressive renal failure
c. Acute renal failure
3. What is the difference between uremia and azotemia?

4. What is the definition of oliguria? What is its DDx?

5. If a patient is being treated with gentamycin, how would one recognize AKI?

6. If hematuria is thought to be due to glomerulonephritis, how can the diagnosis be made from
urine in the absence of RBC casts?

7. What can the DDx of generalized edema be remembered using Starling forces?

8. What underlying primary pathology should be looked for in males with pyelonephritis?

9. What are the three commonest causes of colic?

10. What is the definition of resistant hypertension? What are the commonest causes in the US?
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