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Kidney: Structure, regional and internal anatomy
Regional anatomy
- CT scan, Coronal view (posterior):

- CT scan, coronal view, with blood flow and peritoneal fluid flow:

1. It seems obvious to say, but it is easy to overlook the fact that the GI tract has its
own venous drainage via the portal vein. This blood will all filter through the
liver, re-entering the venous system through the 2-3 hepatic veins. The IVC
mostly drains the peritoneum.
2. The superior mesenteric artery has a relatively acute angle of take-off. This can
pinch the left renal vein as it courses under the angle, raising renal vein blood
pressure. This can cause the nutcracker syndrome with variable expression of
hematuria and abdominal pain. As the left testicular vein empties into the renal
vein, this pressure can manifest as a varicocele and testicular pain.
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Left renal vein pressure can also increase with thrombosis, which is seen
in 5% of patients with nephrotic syndrome as it results in a
hypercoagulable state due to a critical decrease in antithrombin III.
Pressure can also increase with invasion of the vein by renal cell
carcinoma.
3. Most of the peritoneal fluid reabsorption occurs in lymphatics in the diaphragm,
especially beneath the liver. In Meigs syndrome, an ovarian mass, usually a
fibroma, there can be enough mechanical irritation of the peritoneum to cause
ascites. This fluid ends up in the right thorax through lymphatic channels that
connect the subhepatic space to the pleural space. A left-sided pleural effusion
can form. In extragenital spread of gonococcal or chlamydial infection, there can
be an acute perihepatitis with adhesion formation. The infection presumably
gets to the liver capsule through peritoneal flow past the distal ends of the
fallopian tubes. This is called the Fitz-Hugh Curtis syndrome.


2

© 2020, ClinicoPath LLC. All rights reserved.

www.MedicalSchoolCompanion.org

-

CT scan, transerse view, T12-L2

1. This is a key view of the abdomen as it encompasses the pancreas
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T12: level of the celiac axis. The IVC (4) shows the splenic vein. There is
prominent liver tissue and the right kidney is smaller as it is pushed down
by the liver mass and only the superior portion is seen.
 L1-2: level of the SMA. Liver is usually absent
Stomach (4) is identifiable by its gas bubble from swallowed air.
The vertebral pedicle (7a) is important in cancer complications. Boney
metastases can cause a pathologic fracture that will collapse and compress the
spinal cord.
The vertebral lamina (7b) forms the roof of the spinal canal. Laminectomy is used
to allow for shaping of the intervertebral disc in herniation or to relieve pressure
in diseases like spinal stenosis.
The ribs angle obliquely from the thoracic vertebrae and so only the ends are
seen in transverse section.
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The kidney in the retroperitoneum

1. The retroperitoneum can be divided into anterior (A in figure) and posterior (B)
compartments.
2. Note that the term perinephric refers to tissue around the kidney within the
perinephric fascia, while paranephric refers to tissue outside of this layer.
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3. The perinephric fascia is not well defined. It is referred to as Gerota’s fascia in
the anterior plane, important because it can be defined in radical nephrectomy
surgery.
4. Renal capsule and perirenal fascia are important in cancer staging:
 T2 (within renal capsule)………………..…82% 5 year survival
 T3 (through capsule, within fascia)…...64%
 T4 (through fascia)…………………………....23%
5. There are no structures surrounding the kidney that could cause symptoms if
invaded by a renal cell carcinoma (RCC). For this reason, most RCCs present as
metastases except for the small number (<10%) that have a paraneoplastic
syndrome (e.g. PTHrP, EPO)

Internal Structure of the Kidney

-
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Kidney divides into cortex and pelvis
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1. The cortex and medulla are the parenchyma of the organ. That is, they are the
portion that performs the specialized function of filtration. Neoplasms from the
tubular cells are renal cell carcinomas. It is uncommon for these cancers to
invade into the pelvis, so the do not commonly present as hematuria.
2. The pelvis is usually referred to as the pelvicocalyceal system. A single pyramid
drains into a minor calyx, while several minor calyces form a major calyx. This
system is lined by urothelium, and so it forms urothelial cell carcinomas (aka
transitional cell carcinomas). As these connect to the bladder, they usually
present as painless hematuria.
The pelvis connects to the ureter at the ureteropelvic junction (UPJ), “F” in the image.
This is a site of congenital narrowing, causing stenosis. It is also the first narrowing of
the urine drainage system and is a common site for kidney stones to lodge.
The pyramid (D) is named because it is grossly visible. It is mostly composed of the loop
and collecting tubules.
The column is the tissue found between the pyramids. It has no particular distinction,
being mostly composed of elements of the nephron.
In CT scans of the kidney, it is possible to get tangential “cuts”. These give a distinctive
appearance that needs to be correlated to the conventional autopsy view (Long and
Short axis views in the image).

Internal Structure of the Kidney: Blood supply
-

-
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The kidneys are not usually involved in aortic atherosclerosis (A in the image). More
than 80% of abdominal aortic aneurysms occur below the level of the renal arteries.
The renal arteries (B) are commonly involved by atherosclerosis (RAS), which usually
occurs near the proximal end. When there is >70% occlusion, patients develop resistant
hypertension.
Arterioles form the blood supply past the arcuate arteries at the corticomedullary
junction (C in the image). They develop hyaline arteriolosclerosis which causes
nephrosclerosis. The natural history of nephrosclerosis is one of gradual decline in GFR,
resulting in chronic renal failure. The first presentation of this is when GFR is <30
mL/min (Stage 4 failure) and patients develop anemia due to decreased erythropoietin
(fatigue) or increased blood volume due to decreased filtration (resistant hypertension),
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Embryology of the Kidney and Bladder
(for more, see: Kidney: Developmental and Hereditary Diseases
- Organogenesis of the kidney occurs in week 4, like most other organs.
- the ureteric bud arises from the mesonephros and grows up to the nephroblasteme, where it induces
formation of the renal parenchyma
- the urorectal septum divides the cloaca into the urogenital trace and the rectum
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The Pyramid

-

-
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Strictly defined, the papilla refers to the grossly visible triangular tissue seen in the
medulla. Including the overlying cortex and its nephrons, however, lets one appreciate
the architecture of the kidney. Glomeruli can be seen with the naked eye in fresh
kidney; they look like small carnations. This matters in assessing the adequacy of kidney
biopsies, although dissecting microscopes are used to enhance the magnification. These
glomeruli rupture in hypertensive emergency and their gross appearance on the renal
cortex is called “rat-bitten”.
Clinical pathologic correlation of the pyramid
1. Hyaline arteriolosclerosis, a pathologic process of small arteries and arterioles,
occurs in the kidney at the level of the radial artery (aka intralobular artery).
Stenosis and occlusion are subclinical events as the amount of tissue lost is so
small. Enough tissue loss, over a period of years to decade, results in chronic
renal failure. This pathologic process is called nephrosclerosis, from the fibrosis
following cell death.
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2. The tubules and interstitial tissue are perfused by arterioles downstream from
the glomerulus. This means that damage to the glomerulus, which results in
glomerulosclerosis, will inevitably cause ischemic damage to the tubule and
progression of renal failure. This pathologic process is called tubulointerstitial
fibrosis. The glomerulus and tubules are inseparably linked, and pathology of the
glomerulus will result in damage to the tubules.
3. The tubules secrete Tamm-Horsfall protein. This is of uncertain function, but
when there is slow urine flow in the tubule, it forms a gel (as does any protein of
high enough concentration in water). This gel takes on the shape of the tubule,
forming a cast. Any cell present in the lumen is trapped in the cast, forming a
cellular cast. These are highly useful in renal disease, functioning as an indirect
“biopsy” of the kidney.
 RBC cast…………………glomerulonephritis
 WBC cast……………….pyelonephritis
 RTC cast………………..acute kidney injury (aka acute tubular necrosis)
 Muddy brown cast are degenerating renal tubular casts.
4. Urinary tract infections start with colonization of the distal urethra. This occurs
commonly in females as the urethra is close to the anus in the perineum. In
males, there is usually some obstructive process: BPH in old males and
congenital defect in children. The E. coli ascends the tract and enters the kidney
via the orifice of the collecting tubule in the papilla. In the distal convoluted
tubule, it incites acute inflammation. The responding neutrophils move into the
lumen where they get trapped in casts. Leukocytes casts are pathognomonic of
acute pyelonephritis.
5. The papilla of the pyramid is vulnerable to necrosis because it is at the distal end
of perfusion and it has a hyperosmolar environment. Papillary necrosis is seen in
diabetes mellitus, pyelonephritis, sickle cell anemia and with NDAID use. It
presents with pain and hematuria.
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Kidney: Structure, regional and internal anatomy
Do You Know It?
1. Is the superior-inferior axis of the kidney parallel to the same axis of the spine?

2. Where are the 3 commonest sites to find kidney stones in the ureter?

3. How could a patient’s recurrent episodes of abdominal pain associated with hematuria
be explained by renal vein hypertension?

4. When an acute PID (pelvic inflammatory disease) spreads out of the fallopian tubes, why
might it localize in the capsule of the liver?

5. Name the numbered structures.

6. When staging a renal cell carcinoma, how is the extent of local invasion assessed?
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7. What is the difference in the cell of origin and presentation of carcinomas arising in the
renal pelvis versus the renal cortex?

8. Describe the difference in pathology and patient presentation between the renal artery
versus the arterioles.

9. Why is disease of the glomerulus eventually cause ischemia of the tubules?

10. How are urinary cellular casts formed?
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