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INTRODUCTION 

Acute Kidney Injury (AKI) in the perioperative period has serious 

implications, being consistently associated with unacceptably high 

mortality, morbidity and a more complicated hospital course with 

associated cost implications. This is particularly the case when renal 

replacement therapy (RRT) is required. Although AKI has been the focus 

of much research over the past decades, lack of a consensus definition 

has been a major factor hampering clinical research and comparison of 

trial data (Calvert and Shaw, 2012).  

There are now two major classifications of AKI in use. The Acute 

Dialysis Quality Initiative (ADQI) Group introduced the RIFLE (Risk, 

Injury, Failure, Loss and End-stage) classification system in 2004, which 

defines three grades of severity and two outcomes, in an effort to 

standardize the definition (Hobson et al., 2009). 

The Acute Kidney Injury Network (AKIN) group proposed 

refinements to these criteria, outlining AKI as abrupt (occurring within 

48 hours) reduction in kidney function results in an absolute increase in 

serum creatinine of more than or equal to 0.3 mg/dL, a percentage 

increase in serum creatinine of more than or equal to 50% (1.5 fold 

increase from baseline), or a reduction in urine output (oliguria of 0.5 

mL/kg per hour for 6 hours). AKI is further classified into three stages as 

indicated by either the degree of rise of serum creatinine or loss of urine 

output (Abdel-Kader and Palevsky, 2009). 
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The incidence of AKI is generally 5-7.5% in all acute care 

hospitalizations, but it accounts for up to 20% of admissions to intensive 

care units (ICUs). Of all of the cases of AKI during hospitalization, 

approximately 30-40% is observed in operative settings. 

The incidence of AKI is variable depending on the specific 

surgical setting under consideration. Much of our knowledge regarding 

the epidemiology of AKI is derived from studies related to cardiac or 

vascular surgery. Despite an increase in our knowledge of AKI and 

advances in other relevant areas over the last two decades (including 

intensive care, delivery of dialysis and surgical techniques), there have 

been no significant changes in these outcomes (Thakar, 2013). 

AKI is generally divided into prerenal, intrinsic renal or postrenal 

causes. Prerenal AKI is reversible and is due to absolute or relative renal 

hypoperfusion. If the hypoperfusion is not corrected then ischemic acute 

tubular necrosis (ATN) will result. Other intrinsic renal causes can be 

broadly grouped as glomerular, tubular, vascular, or interstitial in nature. 

Postrenal causes of AKI include obstruction of the bladder or ureters. 

AKI is often multi-factorial in origin and patients with certain 

preoperative risk factors are at elevated risk of perioperative AKI (Vyas 

et al., 2012). 

With limited treatment options, an anesthesiologist's main 

objective for perioperative renal protection is prevention by maintenance 

of euvolemia, preservation of adequate renal perfusion, and avoidance of 

nephrotoxins (Bajwa and Sharma, 2012).  
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AIM OF THE WORK 

 

The aim of this essay is to study the cause of perioperative renal 

dysfunction; the characterization of tests of renal function; what is 

presently available for its prevention and management. 
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FUNCTIONAL ANATOMY AND PHYSIOLOGY 

OF THE KIDNEY 

I- FUNCTIONAL ANATOMY 

 

Gross anatomy and internal structure  

The kidneys are reddish brown, bean shaped organs about the 

size of a human fist, which measure 10-12 cm long. Each kidney has a 

two surfaces. The renal hilum (concave surface), is the point at which the 

renal artery enters, and the renal vein and ureter leaves. (Vidya et al., 

2013).  

The substance, or parenchyma, of the kidney is divided into two 

major structures (Figure 1): superficial is the renal cortex and deep is the 

renal medulla. Grossly, these structures take the shape of 8 to 18 cone-

shaped renal lobes, each containing renal cortex surrounding a portion of 

medulla called a renal pyramid (of Malpighi) (Hall, 2011). 

Between the renal pyramids are projections of cortex called renal 

columns (of Bertin). Nephrons, the urine-producing functional structures 

of the kidney, span the cortex and medulla. The initial filtering portion of 

a nephron is the renal corpuscle, located in the cortex, which is followed 

by a renal tubule that passes from the cortex deep into the medullary 

pyramids (Vidya et al., 2013). 

Part of the renal cortex, a medullary ray is a collection of renal 

tubules that drain into a single collecting duct. The tip, or papilla, of each 

pyramid empties urine into a minor calyx; minor calyces empty into 

http://en.wikipedia.org/wiki/Renal_hilum
http://en.wikipedia.org/wiki/Renal_artery
http://en.wikipedia.org/wiki/Renal_vein
http://en.wikipedia.org/wiki/Ureter
http://en.wikipedia.org/wiki/Parenchyma
http://en.wikipedia.org/wiki/Renal_cortex
http://en.wikipedia.org/wiki/Renal_medulla
http://en.wikipedia.org/wiki/Renal_lobe
http://en.wikipedia.org/wiki/Renal_pyramid
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major calyces, and major calyces empty into the renal pelvis, which 

becomes the ureter (Vidya et al., 2013).  

 

Figure 1: General organization of the kidney (Hall, 2011). 

Microscopic anatomy 

The Nephron (Figure 2) is the basic structural unit of the kidney. 

The kidneys contain approximately 1 million nephrons, each of which 

consists of a glomerulus and a tubule (further divided into proximal 

convoluted, loop of henle and distal convoluted portions), which empty 

into a collecting duct (Hall, 2011). 

 



 Functional Anatomy and Physiology of The Kidney   

6 

Chapter 1 

 

Figure 2: Basic tubular segments of the nephron. Note: The relative lengths of 

the different tubular segments are not drawn to scale (Hall, 2011). 

Two populations of nephrons exist (Madsen et al, 2008). 

 (1)  The cortical nephrons, more in number, populate the outer and 

middle renal cortex, receive about 85% of the renal blood flow 

(RBF), and have short loops of Henle. Their efferent arterioles 

drain into a peritubular capillary plexus.  

 (2)  The juxtamedullary nephrons populate the inner renal cortex, 

receive about 10% of the RBF, and have larger glomeruli and long 

loops of Henle, which dive deeply into the inner medulla.  
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Their efferent arterioles drain into elongated vascular conduits, 

the vasa recta, which are closely applied to the loops of Henle (Figure 3). 

Although the vasa recta receive less than 1% of the renal blood flow, they 

play an important role in generating the countercurrent mechanism for 

medullary hypertonicity and renal-concentrating ability (Hall, 2011). 

 

Figure 3: Schematic image of the relations between blood vessels and tubular 

structures as well as the differences between cortical and juxtamedullary 

nephrons (Hall, 2011). 
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The glomerulus consists of five distinct components (Figure 4): 

(1) capillary endothelium, (2) glomerular basement membrane, (3) 

visceral epithelium (which together make up the filtration barrier), (4) 

parietal epithelium (Bowman's capsule), and (5) mesangium (interstitial 

cells) (McIlroy and Sladen, 2015). 

 

  

 

 

 

 

 

 

 

 

Figure 4: The Glomerulus showing the juxtaglomerular apparatus (McIlroy 

and Sladen, 2015). 

The juxtaglomerular apparatus (JGA) is a region that provides a 

remarkable integration of tubular and glomerular structure and function.  

JGA comprised of: (1) the macula densa, (2) the juxtaglomerular cells, 

and (3) the granular cells. The macula densa (dense spot) consists of 
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densely crowded tubular epithelial cells on the side of the thick ascending 

limb that faces the glomerular tuft; these cells monitor the composition of 

the fluid in the tubule lumen at this point (McIlroy and Sladen, 2015). 

Figure 5: The Nephron showing different parts of the renal tubules (McIlroy 

and Sladen, 2015). 

The tubule has four distinct segments, which are: (1) the 

proximal tubule, (2) the loop of Henle, (3) the distal tubule, (4) and the 

connecting segment. The loop of Henle consists of three functionally 

distinct segments: (1) the thin descending segment, (2) the thin ascending 

segment, and (3) the thick ascending segment. The thin descending and 

thin ascending segments, as their names imply, have thin epithelial 

membranes with no brush borders, few mitochondria, and minimal levels 

of metabolic activity (McIlroy and Sladen, 2015). 
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Blood supply 

Each renal artery branches into segmental arteries, dividing 

further into interlobar arteries which penetrate the renal capsule and 

extend through the renal columns between the renal pyramids (Figure 5). 

The interlobar arteries then supply blood to the arcuate arteries that run 

through the boundary of the cortex and the medulla. 

After filtration occurs, as the vascular tuft exits the glomerulus, 

capillaries merge and become the efferent arteriole. Subsequent branches 

of the afferent arterioles become peritubular capillaries to nourish the 

tubules. Peritubular capillaries receive reabsorbed fluids and solutes from 

tubular cells before rejoining to form venules. Blood moves through a 

small network of venules that converge into interlobular veins (Figure 5). 

As with the arteriole distribution the veins follow the same pattern (Hall, 

2011).  

Renal Veins drain the kidney. They connect the kidney to the 

inferior vena cava. Because the inferior vena cava is on the right half of 

the body, the left renal vein is generally the longer of the two. Unlike the 

right renal vein, the left renal vein often receives the left gonadal vein 

(left testicular vein in males, left ovarian vein in females). It frequently 

receives the left suprarenal vein as well (Bangaru et al., 2014). 

 

http://en.wikipedia.org/wiki/Interlobar_arteries
http://en.wikipedia.org/wiki/Arcuate_arteries
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Figure 6: Cross sectional image of the human kidney showing the major vessels 

that supply the blood flow to the kidney and a schematic diagram of the 

microcirculation of each nephron (Hall, 2011). 

Vascular supply to the kidney is strictly segmental, and embolic 

arterial or venous obstruction affects renal tissue in a pizza wedge 

parenchymal distribution involving all cortical and medullary tubular 

elements of affected nephrons (Liu et al., 2015). 
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Nerve supply  

The kidney and nervous system communicate via the renal 

plexus, whose fibers progress along the renal arteries to reach each 

kidney. Input from the sympathetic nervous system triggers 

vasoconstriction in the kidney, thereby reducing renal blood flow. The 

kidney also receives input from the parasympathetic nervous system, by 

way of the renal branches of the vagus nerve (cranial nerve X); the 

function of this is yet unclear. 

Sensory input from the kidney travels to the T10-11 levels of the 

spinal cord and is sensed in the corresponding dermatome. Thus, pain in 

the flank region may be referred from corresponding kidney (Tiwari et 

al, 2013). 

II- RENAL PHYSIOLOGY 

 

Functions of the kidney 

The kidneys play a dominant role in regulating the composition 

and volume of the extracellular fluid (ECF). They normally maintain a 

stable internal environment by excreting appropriate amounts of many 

substances in the urine. These substances include not only waste products 

and foreign compounds, but also many useful substances that are present 

in excess because of eating, drinking, or metabolic activities (Tanner, 

2003). 

First, and very importantly, the kidneys play the central role in 

regulating the water concentration, inorganic-ion composition, and 

volume of the internal environment. They do so by excreting just enough 
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water and inorganic ions to keep the amounts of these substances in the 

body relatively constant. 

Second, the kidneys excrete metabolic waste products into the 

urine as fast as they are produced. This keeps waste products, which can 

be toxic, from accumulating in the body. These metabolic wastes include 

urea from the catabolism of protein, uric acid from nucleic acids, 

creatinine from muscle, creatine the end products of hemoglobin 

breakdown (which give urine much of its color), and many others  

A third function of the kidneys is the excretion, of various 

foreign chemicals, such as drugs, pesticides, and food additives, as well 

as their metabolites. 

A fourth function is gluconeogenesis. During prolonged fasting, 

the kidneys synthesize glucose from amino acids and other precursors 

and release it into the blood. The kidneys can supply approximately 20% 

as much glucose as the liver does at such times. 

Finally, the kidneys act as endocrine glands, secreting important 

hormones such as erythropoietin, renin, 1, 25-dihydroxy-vitamin D3 and 

Prostaglandin synthesis. Also catabolism of polypeptide hormones (e.g., 

parathyroid hormone, insulin) occurs in the kidney (Vander et al., 2001). 

Many renal functions are shared with other organs (acid-base 

control with lung; blood pressure control via the renin-angiotensin-

aldosterone axis with liver, lung and adrenal glands). Other functions are 

not routinely measured (small peptide excretion, tubular metabolism, 

hormonal production) but are considered clinically important (Barash et 

al., 2013). 
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There are only two physiological functions that are routinely and 

easily measured, which are unique to the kidney and which are 

considered clinically important: (1) the production of urine and (2) the 

excretion of water soluble metabolic waste products. Filtration and 

reabsorption are susceptible to alterations by surgical illness and 

anesthesia and are the focus of this discussion Thus, clinicians have 

focused on these two aspects of renal function to help define the presence 

of acute kidney injury McIlroy and Sladen, 2015). 

Renal Blood Flow 

The kidneys receive approximately 20% of total cardiac output, or 

1.0 to 1.25 L of blood per minute through the renal arteries, depending on 

the state of the body. Most of the blood is received by the renal cortex, 

with only 5% of cardiac output flowing through the renal medulla, which 

makes the renal papillae vulnerable to ischemic insults (Liu et al., 2015). 

Renal artery pressure is about equal to systemic arterial pressure, 

and renal vein pressure averages about 3 to 4 mm Hg under most 

conditions. Most of the renal vascular resistance resides in three major 

segments: (1) the interlobular arteries, (2) the afferent arterioles, (3) and 

the efferent arterioles (Liu et al., 2015). 

The renal system has unique character as it consists of 2 capillary 

systems: (1) the glomerular capillaries which separate afferent arterioles 

from efferent arterioles. The glomerular capillaries are high-pressure 

systems (about 60 mm Hg) and are a fluid filtering system. (2) 

Peritubular capillaries, are low-pressure systems (about of 13-15 mmHg), 

which are a fluid-absorbing system. The vasa recta, is a specialized 

portion of peritubular capillaries, which is formed from efferent 
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arterioles, and is vital in the formation of concentrated urine by a 

countercurrent mechanism (Liu et al., 2015). 

To maintain relatively constant rates of RBF and glomerular 

filtration over a wide range of physiologic demands, it is vital for the 

kidneys exercise some control over its own performance. Renal 

autoregulation of blood flow and filtration is accomplished by local 

feedback signals that modulate glomerular arteriolar tone (Barash et al., 

2013). 

A decrease in mean arterial pressure to less than 60 mmHg 

decreases renal blood flow and eventually affects the glomerular filtration 

rate (GFR). A persistently low mean arterial pressure but greater than 60 

mm Hg affects renal blood flow, but does not affect the GFR because of 

the intrinsic mechanism of autoregulation. Autoregulation maintains 

mean arterial pressure between 60 mm Hg and 160 mm Hg in an intact 

and denervated kidney (Liu et al., 2015). 

There is considerable evidence to support two major mechanisms 

for renal autoregulation. (1) Renal vascular resistance appears to be 

mediated by variable resistance of the preglomerular afferent arteriole. 

As mean arterial pressure decreases, renal vascular resistance decreases 

and renal blood flow (RBF) is maintained. The most plausible 

explanation is a myogenic response (i.e., the arterioles constrict in 

response to increased arterial pressure and vice versa). (2) 

Tubuloglomerular feedback via the juxtaglomerular apparatus also plays 

a role (Gong et al., 2008).  

Tubuloglomerular feedback is another important component of 

renal autoregulation, along with the afferent and efferent control 


