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Actuality



Multiple functions of the kidneys in 

homeostasis

• Excretion of metabolic waste products and foreign chemicals

• Regulation of water and electrolyte balances

• Regulation of body fluid osmolality and electrolyte concentrations

• Regulation of arterial pressure

• Regulation of acid-base balance

• Secretion, metabolism, and excretion of hormones

• Gluconeogenesis



The Nephron

❖ Glomerulus

❖ Bowman’s capsule

❖ Proximal tubules

❖ Loop of Henlé

❖ Distal tubules

❖ Collecting ducts



Urine Formation



Glomerular Filtration

• Urine formation begins with filtration of large amounts of fluid (180 l per day –

Glomerular filtration rate) through the glomerular capillaries into Bowman’s capsule

• Composition – no proteins, no cellular elements as red blood cells, Ca ion concentration

and fatty acids is less versus plasma, because of protein binding

• Glomerular filtration rate is about 20 % of renal plasma flow



Glomerular Filtration



Determinants of the GFR

(1) the sum of the hydrostatic and

colloid osmotic forces across the

glomerular membrane, which gives

the net filtration pressure

(2) the glomerular capillary filtration

coefficient Kf

GFR = Kf x Net filtration pressure



Control Mechanisms of GFR and RBF

• Autoregulation

• Hormonal control 

• Nervous control

• Other (high protein intake and increased blood glucose)



Control Mechanisms of GFR and RBF. 

Autoregulation

(1) Tubuloglomerular mechanism

(2) Myogenic autoregulation



Tubuloglomerular mechanism

Adenosin

???



Hormonal control 

• Norepinephrine, Epinephrine, and Endothelin constrict renal blood vessels and ↓ GFR

• Angiotensin II constricts efferent arterioles and prevents ↓ GFR

• Endothelial-Derived Nitric Oxide ↓ renal vascular resistance and ↑ GFR

• Prostaglandins and Bradykinin tend to ↑ GFR

• ANP ↑ GFR



Neuronal regulation

• Sympathetic nerves innervate the juxtaglomerular apparatus (β1) and the renal vasculature

(α1)

• α1 –Adrenergic receptors enhance sodium reabsorption in proximal tubules, α2 receptors

decrease such reabsorption and promote water excretion.

• Dopamine and fenoldopam (selective) dilate afferent and efferent arterioles via D1 -

receptor activation (norepinephrine antagonists). Dopamin reduces Na absorption in

proximal tubules





Effects of anesthesia/surgery on kidney function

• Acute kidney injury occurs in 1-5% of all hospitalized patients

• ↑ hospital length of stay, morbidity, mortality, and cost of care

• Patients may develop AKI and kidney failure secondary to intrinsic kidney disease

• Risk factors for AKI in the perioperative setting - preexisting renal impairment,

diabetes mellitus, cardiovascular diseases (hypertension), hypovolemia, trauma, age

greater than 55 years and use of potentially nephrotoxic medication
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• Reversible ↓ in RBF, GFR, urinary flow, and sodium excretion occur during both regional

and general anesthesia, being less pronounced in regional anesthesia

• Majority of these changes are indirect and are mediated by autonomic and hormonal

responses to surgery and anesthesia

• AKI is less likely when an adequate intravascular volume and a normal blood pressure are 

maintained

• There is no evidence that currently utilized vapor anesthetic agents cause AKI in patients

Regional vs general anesthesia

Butterworth, J., Mackey, D., Wasnick, J., Morgan, G., Mikhail, M. and Morgan, G. (2013). Morgan & Mikhail's 

clinical anesthesiology. New York: McGraw-Hill.



Indirect effects. Cardiovascular system

• In general anesthesia - cardiac depression and vasodilation lead to ↓ mean arterial

pressure

• Regional anesthesia – decreases sympathetic tone and vasodilation lead to ↓ mean

arterial pressure

• Pressor and fluids reverse mentioned effects



Indirect effects. 

Autonomic nervous system

• Sympathetic tone ↑ because of pain, anxiety, surgical stimulation and light anesthesia

• Result - ↓ RBF, GFR, urine output



Indirect effects. Hormones

• Are component of stress response (anxiety, pain, surgical stimulation, circulatory

depression, hypoxia, acidosis and hypothermia)

• ↑↑↑ epinephrine/norepinephrine, renin, angiotensin II, aldosterone, ADH, ACTH and 

cortisol

• Aldosterone and ADH are responsible for transient fluid retention seen

postoperatively



Direct effects. Volatile agents 

• Halothane, sevoflurane, desflurane, and isoflurane decrease renal vascular resistance

• The potential negative effect of Compound A (product of sevoflurane), can be avoid

by fresh gas flow of at least 2 L/min



Direct effects. Intravenous agents 

• Opioids and propofol exhibit minor effects on the kidney when used alone

• Ketamine minimally affects renal function and may preserve renal function in hemorrhagic hypovolemia

• Agents with α-adrenergic blocking activity may ↓ catecholamine-induced redistribution of RBF

• Metoclopramide, phenothiazines, and droperidol (antidopaminergic) ↓ the renal response to dopamine

• ↓ of prostaglandin synthesis by NSAIDs (ketorolac) stops renal production of prostaglandins in patients

with high levels of angiotensin II and norepinephrine can be trigger for AKI

• ACE inhibitors block the protective effects of angiotensin II and may result ↓ in GFR during anesthesia



Direct effects. Over drugs

Anderson RJ, Barry DW: Clinical and laboratory diagnosis of acute renal failure. Best Pract Res Clin

Anaesthesiol 2004;18:1



Surgery effects

Paul S, Biswas P, Bhattacharjee DP, Sengupta J. Effects of magnesium sulfate on hemodynamic response to 

carbon dioxide pneumoperitoneum in patients undergoing laparoscopic cholecystectomy. Anesth Essays Res 

[serial online] 2013 





Diuretics



Osmotic diuretics (Mannitol)

• ↑ sodium and potassium excretion and “washes” of the medullary hypertonicity and

interfere with renal concentrating ability

• ↑ plasma osmolality → ↑ extracellular volume → cardiac decompensation and pulmonary 

edema, ↓ Hb, ↑ K, ↓ Na → hypovolemia, ↓ K, ↑ Na 

• ↑ RBF, intrarenal synthesis of vasodilating prostaglandins and is a free radical scavenger,

high-dose mannitol can be nephrotoxic

• No evidence about renal protection effect, ↓ the severity of AKI/mortality compared with

hypovolemia/adequate renal perfusion correction



Countercurrent mechanism



Loop diuretics (Furosemid)

• Concentrating/diluting capacities are impaired

• ↑ Na and Cl presented to the distal nephron → rapid

urinary flow rate → ↓ exposition for ADH and medullar

hypertonicity → hypotonic urine

• ↑ urinary Ca (stones), Mg, K, H excretion

• Combination of loop and thiazide diuretics ↑↑↑ urine

output

• Differentiating between oliguria resulting from

hypovolemia and from redistribution of RBF to

juxtamedullary nephrons



Thiazide diuretics

• Impairs diluting but not concentrating ability

• Carbonic anhydrase–inhibiting activity in the proximal 

tubules

• ↑ Ca reabsorption in distal tubules, K and H excretion

• Nephrogenic diabetes insipidus 



Proximal tubular reabsorption

Angiotensin II ↑

Norepinephrine ↑

Dopamine ↓

Fenoldopam ↓



Potassium sparing diuretics

• Hyperkalemia in high potassium intake/renal

insufficiency/β blockers /ACE inhibitors

• Metabolic acidosis

• Gynecomastia and sexual dysfunction

• Triamterene can result in renal stones and is potentially

nephrotoxic, particularly when combined with

nonsteroidal antiinflammatory agents



Carbonic anhydrase inhibitors

• Correction of metabolic alkalosis in edematous patients

• ↑ the effects of other diuretics

• Produces a mild hyperchloremic metabolic acidosis

• Large doses - drowsiness, paresthesias, and confusion

• Acute mountain sickness



Acute kidney injury

• 1-5% in all hospitalized patients

• 8% in ICU

• Postoperative AKI 1% or more of general surgery patients

• 30% of patients after cardiothoracic/vascular procedures

• Perioperative AKI ↑ costs, mortality rate, morbidity (fluid and electrolyte
derangements, major cardiovascular events, infection and sepsis, and gastrointestinal
hemorrhage)



Lameire N, , Vanholder R: Acute renal failure. Lancet 2005;29:417





Clearance methods to quantify 

kidney function

renal clearance of a substance is the volume of  plasma that is completely cleared of 

the substance  by the kidneys per unit time

Cs * Ps = Us * V

Cs = (Us * V)/Ps

Cs - clearance

Ps – plasma concentration

Us – urine concentration

V – urine volume



Inulin clearance is used to estimate GFR

• Inulin is freely filtered (as water) 

• Inulin is not reabsorbed or secreted by the 

renal tubules

• Rate excretion of inulin (Us * V) is equal 

to the filtration rate of the inulin by the 

kidneys (GFR * Ps)

GFR (Cs) = (Us * V)/Ps



Creatinine

• Nonenzymatical product of creatine released

by muscles

• Production is relatively constant and related to

muscle mass (positive association)

• Is filtered/secreted in small amount but not

reabsorbed (negative association)

• In critical illness the rate of production, volume

of distribution, may be abnormal - only

creatinine measurement will not accurately

reflect GFR



Creatinine. GFR

Creratinine clearance =
[ 140 −age x lean body weight]

(72 x plasma creatinine)
(1)

Creratinine clearance =
[ 140 −age x lean body weight]

(72 x plasma creatinine)
x 0.85 (2)



Severity of kidney injury

according to glomerular function (ml/min)



PAH Clearance is used to

estimate renal plasma flow

• PAH (para-aminohippuric acid) is completely

cleared from the plasma and the clearance is

equal to the total renal plasma flow

• The amount of the substance delivered to the

kidneys in the blood (renal plasma flow * Ps)

would be equal to the amount excreted in the

urine (Us * V).

RPF = (Us * V)/Ps



Blood urea nitrogen

2NH3 + CO2 → H2N − CO − NH2 + H2O

• Blood urea nitrogen (BUN) is directly related to protein catabolism and inversely

related to glomerular filtration

• 40–50% of the urea fi ltrate is normally reabsorbed passively by the renal tubules

• BUN is not a reliable indicator of the GFR unless protein catabolism is normal and

constant



Recirculation of urea



Altered renal function and the effects of

anesthetic agents

• Most drugs (except volatile agents) used during anesthesia/ICU depend on renal

excretion for elimination

• The systemic effects of AKI can potentiate their pharmacological actions (decreased

protein binding, greater brain penetration or a synergistic effect with the toxins

retained in kidney failure)



Volatile agents

• Volatile anesthetic agents are ideal for patients with kidney disease

• Accelerated induction and emergence may be seen in severely anemic patients

(hemoglobin <5 g/dL) with chronic kidney failure

• Nitrous oxide – limitation in severely anemic patients (Hb ↓ below 70 g/L) with end-

stage renal disease in an attempt to increase arterial oxygen content



Intravenous agents

• Propofol - the pharmacokinetics is minimally affected by impaired renal function

• Etomidate - ↓ protein binding in patients with hypoalbuminemia ↑ effects

• Barbiturates - ↓ protein binding - ↑ sensitivity during induction, acidosis ↑ nonionized

fraction of agents

• Ketamin - minimally altered by kidney disease. Metabolites are dependent on renal

excretion and can potentially accumulate in kidney failure

• Benzodiazepines – are eliminated by urine. ↓ protein binding in patients with

hypoalbuminemia ↑ effects. Accumulation of active metabolites



Intravenous agents

• Opioids - morphine, meperidine, fentanyl, sufentanil and alfentanil are inactivated by

the liver, some of these metabolites are then excreted in urine.

• Remifentanil pharmacokinetics are unaffected by renal function due to rapid ester

hydrolysis in blood

• Opioid agonist–antagonists (butorphanol, nalbuphine and buprenorphine) are unaffected

by kidney failure

• Anticholinergic Agents – one atropine and glycopyrrolate dose can be used safely in

renal impairment (up to 50% are eliminated in urine). Scopolamine is less dependent on

renal excretion, but its CNS effects can be ↑ by the alterations of renal insufficiency



Muscle relaxants

• Succinylcholine - safely used in kidney failure, in the absence of hyperkalemia at the

time of induction

• Cisatracurium and atracurium - the drugs of choice for muscle relaxation in patients

with kidney failure, especially when neuromuscular function monitoring is

difficult/impossible

• Vecuronium and rocuronium - hepatic elimination, but prolongation in patients with

SKD. The neuromuscular monitoring allows to use them in SKD



Muscle relaxants

• D-tubocurarine elimination depends on both renal and biliary excretion. Prolonged

effect after repeat doses in RI. Solution - smaller doses and longer dosing intervals

• Pancuronium is metabolized by the liver, being eliminated (60–90%) in urine.

Solution - function should be monitored in abnormal renal function.

• Reversal Agents are eliminated by the kidneys and problems with inadequate reversal 

of neuromuscular blockade are usually related to other factors



Preoperative consideration

• Acute Kidney Failure - rapid

deterioration in renal function that

results in retention of nitrogenous

waste products (azotemia)







Manifestations of Kidney Failure. 

Metabolic

• hyperkalemia

• hyperphosphatemia

• hypocalcemia

• hypermagnesemia

• hyperuricemia

• hypoalbuminemia

• high anion gap metabolic acidosis



Hyperkalemia management 



Manifestations of Kidney Failure. 

Hematological

• Anemia

• ↓ thrombocyte  function (↓ platelet factor III & recent hemodialysis) 

• ↓ WBC  function 



Manifestations of Kidney Failure. 

Cardiovascular

• Cardiac output ↑

• Arterial hypertension & left ventricular hypertrophy

• Extracellular fluid ↑

• ↑ permeability of the alveolar–capillary membrane

• Arrhythmias & atherosclerotic disease

• Uremic pericarditis

• Hypovolemia after excessive fluid removal during dialysis or high-output acute kidney

failure



Manifestations of Kidney Failure. 

Pulmonary

• ↑ minute ventilation

• Pulmonary extravascular water ↑ 

• Predisposition to hypoxemia



Manifestations of Kidney Failure. 

Endocrine

• Abnormal glucose tolerance because of peripheral insulin resistance

• Secondary hyperparathyroidism and ↓ vitamin D

• Hypertriglyceridemia

• Increased circulating levels of proteins and polypeptides normally degraded by the kidneys

including parathyroid hormone, insulin, glucagon, growth hormone, luteinizing hormone,

and prolactin



Manifestations of Kidney Failure. 

Digestive

• Anorexia

• Nausea and vomiting

• Adynamic ileus 

• Hypersecretion of gastric acid (gastrointestinal hemorrhage in 10-30%)

• Delayed gastric emptying (autonomic neuropathy)

• Increased incidence of hepatitis B and C, often with associated hepatic dysfunction



• Asterixis, lethargy, confusion, seizures, and coma correlate with the degree of

azotemia

• Autonomic and peripheral neuropathies

Manifestations of Kidney Failure. 

Neurological





Preoperative Evaluation. 

Replacement therapy

• Most perioperative patients with acute kidney failure are critically ill, and their kidney 

failure is frequently associated with trauma/postoperative complications

• Patients with acute kidney failure also tend to be in a catabolic metabolic state

• Optimal perioperative management is dependent on dialysis 

• Continuous renal replacement therapy is often used when patients are too

hemodynamically unstable to tolerate intermittent hemodialysis



Preoperative Evaluation. 

Replacement therapy

• Preoperative dialysis on the day of

surgery or on the previous day is typical

.



Preoperative Evaluation

.

• Cardiac and respiratory function evaluation

• Fluid overload or hypovolemia

• ABB, Serum electrolyte, BUN, creatinine evaluation

• ECG & echocardiography

• Preoperative red blood cell transfusions are usually administered only for severe

anemia as guided by the patient’s clinical needs

• Bleeding time and coagulation studies









Premedication

• Reduced doses of a benzodiazepine or an opioid, if needed.

• Aspiration prophylaxis with an H2  blocker or proton pump inhibitor 

• Metoclopramide

• Antihypertensive agents—should be continued until the time of surgery

• Diabetes mellitus (glucose correction)



Intraoperative considerations

• Patients with renal insufficiency and kidney failure are at increased risk of

perioperative complications

• Because of the risk of thrombosis, blood pressure should not be measured by a cuff

on an arm with an arteriovenous fistula

• Continuous intraarterial blood pressure monitoring may also be indicated in patients

with poorly controlled hypertension, regardless of the procedure



Intraoperative considerations. Induction

• Rapid-sequence induction in case of nausea, vomiting or gastrointestinal bleeding

• The dose should be reduced, especially for critically ill patients/recent hemodialysis

• Opioid, β-blocker (esmolol), or lidocaine may be used to blunt the hypertensive response

to airway instrumentation and intubation

• Succinylcholine, 1.5 mg/kg, can be used intubation in the absence of HYPERKALEMIA

• Vecuronium (0.1 mg/kg) or cisatracurium (0.15 mg/kg), or propofol– lidocaine induction

without a relaxant as aternative



Intraoperative considerations. 

Maintenance

• Volatile anesthetics, propofol

• Fentanyl, sufentanil, alfentanil, and remifentanil

• Nitrous oxide - can not be used in Hb <7 g/dL

• Meperidine - accumulation of its metabolite normeperidine.

• Morphine may be used, but some prolongation of its effects should be expected

• Controlled ventilation – normoventilation. Acidosis - exacerbate preexisting academia and

↑ K concentration. Alkalosis ↓ affinity of Hb for oxygen, ↓ cerebral blood flow



Fluid therapy. Adequate renal perfusion

• Goal of therapy / MAP > 65 mm Hg & isotonic solutions are preferred

• Lactated Ringer’s injection is best avoided in hyperkalemic patients when large volumes of
fluid may be required because it contains potassium

• Vasopressors , If persistent hypotension

• Blood that is lost should generally be replaced with colloid or packed red blood cells as
clinically indicated

• Optimize cardiac function (inotrop drugs, preload and afterload reduction )

• Renal-dose dopamine – NOT recommended







AKI biomarkers

• Tissue inhibitor of metalloproteinases-2 (TIMP-2)

• Insulin-like growth factor binding protein 7 (IGFBP7)

• TIMP-2 x IGFBP7







Thank you for attention !!!


