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6.1

Clinical Assessment of Renal Function

6.1.1 Urine Flow
Monitor fluid balance hourly for several hours (48 to 72 hours) postoperatively.
Note blood loss, (includes blood drawn for testing) urine output, nasogastric suction, insensible
water loss, and fluid intake (including vehicles for drug infusions). This would enable balancing of
intravascular volume, extracellular fluid volume (ECF) and maintenance of adequate renal perfusion.
Adequate urine output during the postoperative period is an indicator of good renal function. The
adequacy of urine output varies in the postoperative period.
During the immediate postoperative period urine output of 2 mL/kg/hour is usually advised due to
expected osmotic diuresis subsequent to hyperglycemia and / or mannitol of priming solution in CPB
cases. This urine flow enables excessive ECF elimination in post CPB cases.
During the later postoperative period (12-48 hours), a) Urine output of 1 mL/kg/hour or 15 mL/m²
is desirable. It reflects adequate extracellular fluid (ECF) volume, renal perfusion and renal function.
b) Urine output < 0.5 mL/kg to 1 mL/kg hour reflects decreased ECF and decreased cardiac output in
presence of good renal function. It is addressed by replenishing ECF volume to achieve adequate
perfusion, homodynamic stability. Infuse volume at a rate of 10 mL/kg of colloid, crystalloid or blood
(if Hct < 30%) in 20 minutes to an hour.
If cardiac output and ECF is restored with normovolemia, persistent oliguria / anuria
(< 0.24 mL/kg/hour) reflects renal dysfunction.
Oliguria is defined if urine output of < 300 mL/m2/24 hours or urine flow of < 0.5 mL/kg/hour in
children and < 1.0 mL/kg/hour occur in infants. Anuria is defined if urine flow is of < 0.24 mL/kg/hour.

6.1.2 Tests of Renal Function
Urine concentration / Specific gravity (SG):
The normal random urine specific gravity (SG) is 1.023 (range 1.003-1.030)
Elevated SG occurs in hypovolemia, deceased renal perfusion, dehydration, cardiac dysfunction,
and inappropriate ADH secretion (SIADH).
Decreased SG occurs in overhydration, hypervolemia, diabetes insipidus, and renal dysfunction
(damage).
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SG is unreliable indicator of renal function / intravascular volume after diuretic usage or glycosuria.
SG > 1018 in presence of dehydration/hypovolemia signifies normal renal function.
Urine electrolytes:
a) Urine sodium and potassium:
Spot (random) check of urine sodium and potassium assesses volume status, hyponatremia, or
renal injury.
Urine Na < 20 mEq/litre: Hypovolemia or hyponatremia.
Urine Na > 40 mEq/litre: Renal tubular damage or SIADH.
Urine K < 10 mEq/liter: Hypokalemia or renal injury.
Kidney conserves Na and excretes K in presence of hypovolemia and decreased renal perfusion
(due to activation of renin angiotensin system and increased aldosterone secretion).
b) Fractional excretion of sodium:
Excretion of sodium by kidney in relation to creatinine clearance is estimated by the equation below:
Fractional excertion of Na (Fe (Na) =

(U Na / Pl Na ) × 100
(U cr / Pl cr )

(UNa, urine sodium; Pl Na, plasma sodium; Ucr, urine creatinine; Pl cr, plasma creatinine)
Fe (Na) < 1% is indicative of volume depletion.
Fe (Na) > 3% is indicative of renal tubular damage or obstructive uropathy.
Urine electrolytes determination is an unreliable indicator of renal function and/or intravascular
volume status after diuretic usage or preexisting pre-renal state such as in congestive heart failure and
cirrhosis of liver.
Urine and Plasma Osmolarity:
Kidneys excrete solutes retaining free water such that the osmotic load (osmolarity) of urine is
greater than that of plasma. In renal tubular injury the ability to concentrate urine is impaired and
urine and plasma osmolarity approaches equal values.
Plasma osmolarity: Normal 285 ±15 mOsm / liter.
Urine Osmolarity: Normal 400-700 mOsm/liter (in presence of normal urine volume).
If urine volume is inadequate, the normal kidney may concentrate urine with maximum solute load
of 1400 mOsm/liter.

214 Manual of Postoperative Care in Pediatric Cardiac Surgery Section I: General Postoperative Cardiac Care

Osmolar Clearance (C osm):
Estimates the concentrating ability of kidneys, so it's tubular function.
C osm (osm/minute) =

U osm × V
P osm

V, volume of urine / minute; P osm, plasma osmolarity; U osm, urine osmolarity.
Free Water Clearance (C 𝐇𝟐 O):
C H2 O (mL/minute) =

V−U osm × V
P osm

V, volume of urine / minute; P osm, plasma osmolarity; U osm, urine osmolarity.
Normal C H2 O: It is usually negative (< - 20). It becomes increasingly negative if concentrating
ability of kidney increases.
Abnormal C H2 O: O or + 10, is indicative of impaired renal tubular function or impaired
concentrating ability of kidney.
C H2 O ≥ (+20) is indicative of water intoxication or diabetes insipidus.
Urine Dipstick:
Protein: Normal is 0 mg to 100 mg/24 hours.
If protein is present by dipstick, do quantitative protein estimation.
Protein of > 150 mg/24 hours indicates renal parenchymal disease.
Serum BUN / Serum creatinine Ratio:
Normal is 10 to 20; may also suggest intrinsic renal disease in face of oliguria.
Elevated > 20: Dehydration, pre-renal azotemia, and GI bleeding.
Decreased < 5: starvation and liver disease.
Creatinine Clearance (Ccr):
It is a measure of GFR (glomerular filtration) and it approximates inulin clearance, except when
GFR is low.
If a timed urine specimen available:
Creatinine clearance is usually estimated for an average BSA (body surface area) of 1.73 m2
Patient creatinine clearance is calculated by the equation below.
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1.73

× 100 × 𝑃𝑎𝑡𝑖𝑒𝑛𝑡

𝐵𝑆𝐴

Ucr = urine creatinine; V= volume of urine per minute; Pcr= plasma creatinine.
Volume of urine for minute= total volume of urine collected / time period of collection in minutes.
E.g., calculation of creatinine clearance in 1.2 𝑚2 BSA patient if urine creatinine concentration is
2 mg/dL, serum creatinine is 1 mg/dL and urine volume is 0.5 mL/minute is shown as below:
Step 1 (2 × 0.5 /1) × 100 = 100
Step 2: 100 × 1.73/1.2 = 144 mL/minute.
If a timed urine specimen is not available:
Estimation of Ccr is based on patient height, K (constant value), and serum creatinine.
Creatinine clearance (Ccr): (mL/minute / for 1.73 m2 BSA) = k x h x Pcr
K = proportional constant, h = height in cm, Pcr = plasma creatinine mg/dL.
K values: Low birth weight infants < 1 year: 0.33
Average birth weight infants < 1 year: 0.45
Children and adolescent girls: 0.55; Adolescent boys: 0.7
Tubular Function:
Proximal renal tubular absorption (function):
It is an estimate of percentage of tubular reabsorption (Tx) of a compound(x) in relation to plasma
concentration:
Tubular reabsorption of compound (Tx) = 1 –

𝑈𝑥 /𝑃𝑥
𝑈𝑐𝑟 /𝑃𝑐𝑟

× 100

The compounds (X) are glucose, electrolytes, amino acids, calcium, and phosphorous.
Ux = urine concentration of a compound in mg/dL, Ucr = Urine creatinine concentration in mg/dL,
Pcr = plasma creatinine concentration in mg/dL, Px = plsma concentration of a compound in mg/dL.
Distal Tubular function:
The function of distal tubule is evaluated by recognition of urine acidification defect by the
following tests:
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a) Random urine pH:
If urine pH > 6 in the presence of systemic metabolic acidosis is suggestive of defect in distal
tubular function. It is confirmed by evaluation of arterial/venous blood gas, serum HCO3 −, and urine
pH.
b) Ammonium Chloride Test: (This test is not usually done)
Administer 75 mEq NH4 Cl/M 2 and measure a fall in serum HCO3 − and urine pH.
Normal: Decrease in HCO3 − is 4-5 mEq/L with a fall in urine pH < 5.5.
It is usually seen 3 hours after administration of the test.
Defect: Urine pH > 5.5 with decreases in serum HCO3 −.

6.2 Differential Diagnosis of Oliguria
6.2.1 Laboratory Evaluation
The following studies should be done (see table 6.1) to differentiate renal and prerenal causes of
oliguria from inappropriate antidiuretic hormone secretion (SIADH) for optimal management.
Table 6.1 Differentiation of Prerenal and Renal causes of Oliguria.
Pre Renal

Renal

SIADH secretion

Urine sodium

<20 (<40)

>40

>40

Urine osmolality

>500 (>400)

<350 (<400)

>500

Specific Gr

<1.020 (1.015)

< 1.010 (<1.015)

>1.020

Urine Nitrogen

>20

<10

>15

Urine Creatinine

>40 (>20)

<20 (<15)

>30

Urine / plasma Cr ratio

>40

<10

>30

RFI

<1 (<3. 0)

>1 (>3.0)

>1

FE (Na)

<1 (<2.5)

>1 (>3.0)

1

U/P osmolality

>1.3

<1.3

>2

Numbers in parenthesis are for neonates. RFI= Renal failure Index= Urine Na × 100/ Ucr. Pcr. FE (Na) = fractional
excretion of Na = (UNa/pl Na) / (Ucr/Plcr) × 100. U/P=urine / plasma* Modified from Rogers et al: Textbook of
pediatric intensive care, Baltimore, 1992, Williams and Wilkins.
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6.2.2 Renal Ultrasound
Renal ultrasound evaluates renal cortical blood flow and urinary tract patency. This study may
exclude prerenal and post renal causes of acute renal failure (ARF).

6.3

Management of Acute (Parenchymal) Renal Failure (ARF)

Renal failure is either oliguric or non-oliguric with decreased solute clearance and the management
differs between two types of renal failure.

6.3.1 Nonoliguric Renal Failure
Management of these patients with fluids, nutrition, and solutes is like in any patient with a normal
renal function. Blood urea may be elevated. The extent of renal dysfunction is often limited and renal
replacement therapy is unnecessary.

6.3.2 Oliguric Renal Failure
i) Fluid and Electrolytes:
Closely monitor fluid balance, and if necessary by daily weight measurements of the patient.
Use fluid restriction to avoid hypervolemia.
Treat hypervolemia by fluid restriction and / or renal replacement therapy (RRT).
Monitor electrolyte derangements of potassium, sodium, calcium, and phosphorous.
Correct electrolyte derangements by restrictions or additions in IV solutions.
Treat mild to moderate hyperkalemia by medications (see Chapter 3) and by RRT.
ii) Drugs:
Renal doses of dopamine and furosemide:
These drugs are synergistic and may convert oliguric to nonoliguric ARF and may be used in ARF.
Provide all essential medications for postoperative recovery, but modify the dosage.
iii) Blood and Coagulation:
Transfuse packed red cells to keep Hct > 30% (due to ↓ erythropoietin production by kidney).
Desmopressin 0.3 ug/kg in NS, IV infusion over 15-30 minutes (preserves platelet function).
Transfuse platelets to keep platelet count > 100,000/c.mm in patients with bleeding.
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iv) Nutrition:
Maintain nutrition (may use renal formulae) as it is essential for postoperative recovery. The
caloric expenditure is 50% above the normal resting energy needs. Carbohydrates and lipids are the
main source of caloric needs to prevent protein catabolism, urea genesis, and hyperkalemia.
↑ Protein requirements (i.e.: 2 gm/kg) to maintain positive nitrogen balance and wound healing.
Renal replacement therapy may be necessary to provide full nutrition and its volume load.
v) Diuretic therapy:
The indications for diuretic therapy in the presence of acute renal failure are as follows.
1) Persistent oliguria in the presence of adequate preload and adequate renal perfusion or oliguria /
anuria with ↑ preload.
2) Signs of ↑ preload: Pulmonary edema on chest x ray and ↑ respiratory requirements.
May use nitroglycerine and prostaglandin E1 if ↑ preload is due to myocardial dysfunction. The
following diuretics are commonly used.
Furosemide: 0.5 mg/kg dose and repeat prn.
If above is ineffective, use 1-2 mg/kg/doses or as a continuous infusion (see Chapter 16).
Ethacrynic acid: Useful for patients on chronic diuretic therapy, 1 mg/kg/dose.
Mannitol: Promotes diuresis if intravascular volume ↓, but extra vascular fluid is increased. May be
used in conjunction with diuretics (see Chapter 16).
Usually avoid it in renal failure to prevent osmotic load, particularly in neonates.
Additional note:
♣ Continuous infusion of furosemide is found to be an effective and safe method of diuresis in
postoperative cardiac surgery patients.
♣ Continuous infusion of furosemide and mannitol in conjunction with a low dose dopamine
(2 to 3 mcg/kg/min) promotes diuresis.
♣ Furosemide and Mannitol infusion: (concentration of 0.2 gm of mannitol and 1-2 mg of furosemide
in 1 mLof fluid).
Initial rate of infusion: 0.3 mL to 0.4 mL/kg/h, once dieresis is established tailor the rate of infusion
for a diuresis urine flow.
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♣ Diuretics and dopamine / or intravenous fenoldopam were used for renal insufficiency
intraoperatively and postoperatively with success.
At low doses, fenoldopam exerts effects on renal blood flow similar to that of dopamine,
(i.e., agonist effect on renal perfusion and avoids systemic hypotension).
Fenoldopam: Start at 0.05 mcg/kg/hour without a bolus dose and titrate to 0.025 mcg/kg/hour
(mix 0.1 mg/mL solution in 5% dextrose water for a required concentration). During infusion
maintain a steady state systolic blood pressure of 80 mm Hg and diastolic blood pressure of
40 mm Hg. Postoperatively maintain infusion at 0.05 mcg/kg/min.

6.4

Acute Renal Failure and Renal Replacement Therapy (RRT)

The mortality of postoperative acute renal failure (ARF) is of 50-67%.
Early and aggressive management of ARF by renal replacement therapy such as peritoneal dialysis
(PD) or hemodialysis (HD) is indicated.

6.4.1 Indications for Renal Replacement Therapy
Failure of aggressive medical therapy in any of the following is an indication for RRT:
1. Volume overload: Pulmonary edema/hypertension.
2. Metabolic acidosis with pH < 7.2 or serum HCO3 − < 10.
3. Hyperkalemia > 6.5 mEq/L or > 6.0 mEq/L in a catabolic state.
4. Calcium / phosphorous imbalance (hypocalcemic tetany or high serum phosphorous).
5. Blood urea > 150 mg/dL or rapidly rising BUN.
6. Neurological manifestations secondary to azotemia and electrolyte imbalance.
7. Dialyzable toxins and poisons (lactic acid, ammonia etc).
♥ Recent studies indicate that initiation of renal replacement therapies, early in the course of ARF
(acute renal failure), correlates with improved outcome. Therapy is, therefore, initiated early in
course of ARF before onset of hypervolemia, hyperkalemia or azotemia.

6.4.2 Peritoneal Dialysis (PD)
Dialysate (Baxter) is commonly used for peritoneal dialysis.

220 Manual of Postoperative Care in Pediatric Cardiac Surgery Section I: General Postoperative Cardiac Care

Composition of dialysate: Na+ 130 mEq/L, Ca2+ 3.5 mEq/L, Mg 2+ 0.5 mEq/L, Cl− 96 mEq/L,
lactate 40 mEq/L.
Dextrose concentration of dialysate is either: 1.5%, 2.5%, or 4.5%.
Additives: Heparin 100-500 units/liter of dialysate, cephalothin 250-500 mg/liter and potassium
3-4 mEq / liter (if serum K + is < 3.5 mEq/L).
Procedure:
Place intraperitoneal (Tenckhoff) catheter in ICU, and allow the dialysate fluid flow freely through
the catheter into peritoneal space. Empty peritoneal fluid by lowering the PD bag below the patient
after a dwell time. Slow rate of fluid equilibration and ultra filtration occurs across mesenteric vessels.
Usual dwell time is of 15-60 minutes, and the cycle is repeated.
The cycle frequency and composition of dialysate depends on patient’s fluid and electrolyte
composition. The PD is started with a smaller volume and a short dwell time. The cycle frequency,
the dialysate volume and dextrose concentrations are increased for more ultra filtrate.
The usual mean duration of PD is < 2 weeks, and is associated with renal recovery in all survivors.
Aggressive treatment using PD therefore is warranted in ARF.
♥ Some studies showed the operative variables (OV) postoperative variables (PV).
(PV) in ARF patients requiring PD were same in survivors and non survivors.
(OV= length of CPB, aortic cross-clamp time, and hypotension immediately off cardiopulmonary
bypass.
P V= postoperative hypotension, arrhythmias, hematological status, and need for CPR.
Advantages / Disadvantages:
PD doesn’t require systemic anticoagulation and has no potential risk of hemorrhage. PD does not
produce homodynamic compromise.
Catheter complications, like leakage, infection, and visceral injury are less with the silastic
catheters but may occur.
Hyperglycemia, hypoproteinema, and respiratory distress may also occur.

6.4.3 Hemodialysis (HD)
It is indicated in hemodynamically stable patient, and if PD is contraindicated.
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HD is very efficient for removal of solutes (i.e., poisons, ammonia, uric acid), correction of severe
electrolyte imbalance, and fluid load.
Procedure:
Maintain vascular access through arterio-venous shunt or double lumen veno-venous catheter.
Arterio-venous shunt is placed if dialysis is required > 2 weeks with no signs of renal recovery.
The blood is pumped through a porous hollow-fiber membrane that is permeable to solutes
< 2000 Daltons. Dialysate surrounds the membrane providing concentration gradient for selective
removal of K +, urea, and creatinine, but maintains plasma Na+, Cl−, and HCO3 −.
HD is usually performed for 3 to 4 hours/day on every other day.
Disadvantages:
Systemic anticoagulation is required.
May cause hypotension, hypoxemia, hemolysis, and precipitate cardiac arrhythmias.
HD is contraindicated in unstable patient.
The following precautions are taken to avoid hypotension during dialysis:
Trendelenburg position during dialysis.
Decrease the transmembrane sodium and pressure gradient.
Maintain the serum osmolarity by increasing the dialysate Na to 132-140 mEq/liter (prevents rapid
fall in plasma osmolarity).
Transfuse to keep the HCT > 20-25% during dialysis.
Avoid splanchinic pooling of blood (decreasing the gut metabolism by keeping NPO during dialysis).
By substitution of bicarbonate for acetate in dialysate (acetate is a vasodilator).
Use of vasoconstrictors (alpha-1 agonists) such as phenylephrine and norepinephrine during dialysis.

6.4.4 Continuous Renal Replacement Therapy (CRRT)
It is a continuous (arterio-venous / veno-venous) hemofiltration / dialysis.
Continuous flow of ultra filtrate improves fluid management and correction of electrolyte
disturbances. CRRT is useful in renal failure with hemodynamic instability and for filtration of certain
toxins. The technique involves an extracorporeal ultrafiltration technique that removes ECF across
hemofilter which is a porous hollow fiber capillary membrane.
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Heparinization at a rate of 7 units/kg/hour is required for circuit. The technique utilizes hydrostatic
pressure gradient between indwelling arterial and venous catheter, or the pressure gradient is created
by a pump between veno-venous catheters.
Arterial systolic BP of 80 mm Hg is required to produce a gradient in A-V circuit for the blood
flow through a hemofilter.
Blood flow through a hemofilter at 50-150 mL/minute clears plasma of water and solutes, the size
of 10,000 daltons (A dalton is the atomic mass unit of a hydrogen atom and the size of giant organic
molecules are expressed in multiples of a dalton, i.e., size of 1.66 × 10−24 grams ), and produces an
ultrafiltrate at a rate of 500-700 mL/hr (blood flow and ultrafiltrate rates are based on a 70 kg patient).
Replacement fluid (resembling ECF without toxic solutes) is infused, simultaneously, through the
venous circuit, at a rate (i.e., 450 mL/hr) to achieve a desired fluid balance (replacement fluid rate is
based on a 70 kg patient).
Dialysate is passed counter-current to the blood flow through a hemofilter for continuous
arterio-venous hemodialysis (CAVHD) or continuous veno-venous hemodialysis (CVVHD).
Peritoneal dialysis solution can be used as a dialysate.
Usual composition of ultrafiltrate:
i) Creatinine 6 mg/dL, urea 80 mg/dL, and phosphate (PO4 ) 3 mEq/L.
ii) Potassium 4 mEq/L, chloride 100 mEq/L, and sodium 140 mEq/L.
Usual composition of replacement fluid:
i) Sodium 150 mEq/L, chloride 114 mEq/L, potassium 0 mEq/L.
ii) Bicarbonate (HCO3 ) 37 mEq/L, magnesium 1.6 mEq/L, and calcium 2.5 mEq/L.
Types of continuous renal replacement therapies:
i) CAVH (continuous arteriovenous hemofiltration).
ii) CVVH (continuous veno-venous hemofiltration).
iii) CAVHD (continuous arterio-venous hemodialysis).
iv) CVVHD (continuous veno-venous hemodialysis).
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6.4.5 Digramatic Sketchs of Continuous Renal Replacement Therapies
(I) Arterio Venous (A-V) / Veno-Venous Scuff
Slow continuous ultrafiltration is by A-V circuit or veno-venous circuit (inserted a pump in the
circuit). It may be employed 24 hours a day/a few hours a day.
Filters with small surface area are utilized, so have low filtration rates. It decreases the fluid
volume, but does not purify blood (see Figure 25A).

Figure 25A Arterio Venous (A-V)/ Veno-Venous Scuff: A= arterial end, V= venous end,
UFC = ultrafiltration control by a pump or a clamp, UF = ultrafiltate, P = pump, * QB= blood flow,
Qf = filtrate flow. * Blood flows are based on a 70 kg patient).

(II) Continuous Arterio-Venous or Veno-Venous Hemofiltration
(CAVH / CVVH):
Employed for extended periods / either days or weeks.
Utilize high flux membranes / solute transport is by convection. Ultrafiltration occurs in excess of
fluid volume load, therefore, requires replacement by a substitution fluid (partially or totally).
Substitution fluid is added before or after a filter. It controls fluid volume and purifies blood.
CAVH is regulated by A-V pressure gradient and the height of a collecting bag.
CVVH is regulated by a blood pump (see Figure 25B).
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Figure 25B Continuous Arterio-venous / Veno-venous Hemofiltration (CAVH. CVVH): A= arterial end, V= venous end,
UFC = ultrafiltration control by a pump or a clamp, UF= ultrafiltrate, P= pump, * QB= blood flow, Qf= filtrate flow.
R= recirculation port, h= height of an ultrafiltrate collecting bag. The height of an ultrafiltrate collecting bag and A-V
pressure gradient regulates CAVH. CVVH is also regulated by the height of an ultrafiltrate collecting bag and
a blood pump. * Blood flows are based on a 70 kg patient).

(III) Continuos Arterio-Venous / Veno-Venous Hemodialysis (CAVHD/CVVHD)
Continuous hemodialysis is employed for extended periods of time. It utilizes low flux membranes
with a counter-current flow of dialysate incorporated into the circuit. Filtration of solute occurs by
diffusion. Ultra filtration is within range of adequate volume control without need for a replacement
fluid (see Figure 25C).

Figure 25C Continous Arterio-venous / Veno-venous hemodialysis (CAVHD / CVVHD): A = arterial end,
V = venous end, UF = ultrafiltrate, P = pump,* QB = blood flow, Qf = filtrate flow, QD = dialysate fow,
Do = dialysate outlet, Di = dialysate inlet, h = height of an ultrafiltrate collecting bag.
* Blood flows are based on a 70 kg patient).
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(IV) Continous Veno-Venous High Flux Dialysis (CVVHFD)
This technique is a modification of CVVHD with a control of inlet and outlet dialysate flow by a
pump. The technique provides high blood flows and dialysate flows resulting in high flux dialysis
(see Figure 25D).

Figure 25D Veno-venous high flux dialysis (CVVHFD): V= (venous end), UF = ultrafiltrate, P= pump,
* Qb =blood flow, Qf= filtrate flow, Do =dialysate outlet, Di =dialysate inlet, P2= pump in dialysate circuit,
h= height of an ultrafiltrate collecting bag. * Blood flows are based on a 70 kg patient).

