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CHAPTER 212 

Kidney Support and Perioperative Care in 
Kidney Transplantation
Pooja Singh, Maria P. Martinez Cantarin, and Jerry McCauley

OBJECTIVES
This chapter will:
1. Discuss the period from renal transplantation to the first 

week after surgery.
2. Describe the evaluation of patients immediately before 

transplantation.
3. Discuss the evaluation and management of patients 

immediately after surgery.
4. Address techniques for management of hypertension and 

mineral and electrolyte problems after surgery.
5. Describe identification and management of surgical 

complications in the perioperative period.
6. Identify specific issues related to dialysis and the care of 

the allograft.

This chapter will concentrate on the period from admission 
for renal transplantation until shortly after surgery and will 
cover events that commonly occur during the first week 
after the procedure.

PRETRANSPLANT EVALUATION

Perioperative management of kidney transplant recipients 
begins when they initially are admitted for the transplant. 

At that time, a complete review of the patient’s prior history, 
current medical conditions, and any recent events that could 
increase the risk of transplantation should be assessed. A 
complete physical examination should be performed search-
ing for active illnesses, which could prevent surgery. If no 
active problems are present, attention should be directed 
to laboratory studies drawn preoperatively. In particular, 
the serum potassium (K) should be normal, which at most 
centers is usually serum K <5.5 mEq/L. A careful assessment 
for preoperative dialysis need should be undertaken.

Typically, routine dialysis is avoided on the day of 
renal transplantation except in urgent scenarios, such as 
hyperkalemia and volume overload. Mild hyperkalemia is 
common in patients with end-stage kidney failure. Peri-
toneal dialysis (PD) patients tend to be hypokalemic and 
seldom require preoperative dialysis. We generally dialyze 
patients on chronic maintenance hemodialysis (HD) if serum 
potassium is at least 5.5 mEq/L. A heparin-free dialysis is 
recommended to reduce risk of bleeding. Duration of dialysis 
is usually 2 hours because maximum potassium removal is 
achieved satisfactorily in this time period, and prolongation 
of cold ischemia time in the donor kidney can be avoided. 
Alternatively, if the patient will be undergoing preemptive 
kidney transplant and does not have established access, a 
trial of intravenous (IV) administration of 10 units of regular 
insulin together with 50 mL of 50% glucose (i.e., 25 g of 
glucose) is usually successful. This modality can be repeated 
intraoperatively as needed. Sodium polystyrene sulfonate 
should be avoided in pre- and postoperative settings to 
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Box 212.1 is a checklist of items to be evaluated in the 
first 24 hours after transplantation, and Box 212.2 shows 
common postoperative orders used at most kidney and 
pancreas transplant programs.

Many patients will be transferred from the recovery 
room to the intensive care unit (or step-down unit) for 
close monitoring if they have been unstable during the 
operation or have known cardiovascular disease or other 
conditions that could pose risk during the first 24 hours. 
Most patients can be transferred directly from the recovery 
room to a routine hospital bed.

Hemodynamic Status
Close monitoring of the hemodynamic status of patients 
after surgery is vital because aberrations may represent 
threats to the patient or the allograft. Hypotension is avoided 
primarily by maintaining adequate intravascular volume 
status and careful titration of anesthetic agents in the entire 
perioperative period. Use of vasopressors is minimized 
because alpha agonists may interfere with renal transplant 
perfusion and increase tendency for hyperkalemia. A mean 
arterial pressure of more than 70 to 80 mm Hg usually is 
targeted to maintain adequate perfusion in a denervated 
renal allograft, which is incapable of autoregulation. An 
even higher mean arterial pressure target more than 90 is 
used in patients with uncontrolled hypertension before renal 
transplantation. Hypertension is very common in dialysis 
patients and often is exacerbated by increased intravascular 
volume, withholding the patient’s routine antihyperten-
sive medications before surgery, or the catecholamine 
release as a result of surgical stress. The best strategy in 

treat hyperkalemia because of its known association with 
intestinal necrosis and perforation. Significant volume 
overload before transplantation is also an indication for 
dialysis to best optimize for surgery. Usually, ultrafiltration 
modality is used, and the patient is left about 2 kg above 
preoperative dry weight. A relatively low ultrafiltration 
goal (such as 5 to 10 mL/kg per hour) may be reasonable to 
allow for sufficient plasma reequilibration and thus avoid 
intraoperative hypotension commonly encountered with 
anesthesia induction. With the standard use of biocompat-
ible dialysis filters (polyacrylonitrile and others), there is 
less concern about complement and cytokine activation 
hampering graft recovery.

It is not uncommon to encounter uncontrolled blood 
pressure in the preoperative setting because of NPO 
status resulting in mild hypoglycemia and catecholamine 
release. These patients may have missed medications and 
may experience sympathetic stimulation from anticipated 
surgical stress or anxiety. If blood pressure (BP) remains 
unacceptably high (e.g., more than 200/120) and volume 
overload is absent, then an intraoperative antihyperten-
sive agent such as nicardipine, hydralazine, or labetalol 
with cautious titration can be used to aim for slow and 
modest BP reduction to the range of 160 to 180/90 to  
100. Overzealous treatment should be avoided to minimize 
risk of intraoperative hypotension with anesthesia induc-
tion, which happens because of decreased sympathetic 
tone, depressed cardiac contractility, and reduced venous  
return.

Hypertension usually can be managed intraoperatively. 
Intraoperative IV labetalol is popular but can pose a risk 
of severe hyperkalemia in HD patients with long cold 
ischemia times and low intra- and postoperative urine 
outputs.1 Labetalol is a nonselective beta blocker and should 
be avoided in any patient expected to have delayed graft 
function such as donors after cardiac death (DCD), elderly 
donors, and those with prolonged cold ischemia times. This 
tendency for hyperkalemia is not seen with usage of β-1 
selective agents such as metoprolol since the β-2 receptors 
remain intact. Most would favor the use of perioperative 
beta blockers and continuation of statins because both 
have been associated with reduced perioperative mortality 
in a variety of settings.2 In addition, these patients will 
receive antibody preparations intraoperatively as part of 
immunosuppressive induction protocol. This could worsen 
further hypotension especially in the background of recent, 
large volume-ultrafiltration.

All medications should be reviewed closely before 
surgery, and agents likely to cause posttransplant complica-
tions should be stopped. In particular, angiotensin inhibitors 
are held by many programs because they may predispose 
to hyperkalemia, anemia, and elevated creatinine. Given 
the long-term advantages, many would restart these agents 
once patients are stable weeks to months later.

It is a common recommendation to avoid or minimize 
blood transfusions preoperatively in transplant candidates to 
reduce risk for sensitization. If transfusion becomes neces-
sary during the perioperative period, leukocyte-reduced 
packed cells are used.

Immediate Postoperative Assessment
Patients should be evaluated immediately after returning to 
the recovery room. In addition to the usual postoperative 
care, patients should be evaluated for early allograft func-
tion (urine output), hemodynamic status (hypotension or 
hypertension is common), and status of serum potassium.

BOX 212.1

Checklist of Items to Evaluate During the First  
24 Hours After Kidney Transplantation

Hemodynamic State
Blood pressure (hypotension or hypertension common)

Respiratory Status
Extubation
Underlying pulmonary disease? Need for CPAP
Pulmonary embolus?

Volume Status
Volume given during operation
Adjustment of intravenous fluids

Cardiac Status
EKG if known CAD
Decision on antiplatelet therapy

Kidney Status
Urine output
Vascular anastomoses (Doppler ultrasound within 24 hours)

Electrolytes and Minerals
Potassium (recovery room and daily)
Creatinine and BUN
Phosphorus, calcium, magnesium

Dialysis Access
A-V fistula functioning
Query for peritoneal membrane disruption during 

surgery
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Respiratory Status
The respiratory status is monitored closely after surgery, 
and patients usually can be extubated in the recovery room. 
Wound dehiscence or even partial extrusion of the allograft 
has been observed occasionally in patients with postopera-
tive respiratory distress. Although rare, some situations 
may obligate postoperative mechanical ventilation such as 
pulmonary edema resulting from perioperative fluid accu-
mulation. Certain preexisting risk factors such as pulmonary 
hypertension, obstructive sleep apnea, smoking, obesity, 
and obstructive lung diseases increase risk of postoperative 
pulmonary complications. Adequate oxygenation usually 
is ensured by pulse oximetry in the recovery room, and 
this may be continued on the floor in patients with known 
pulmonary disease. Incentive spirometry should be used 
routinely, and usage of continuous positive pressure appli-
ances should be reinstituted early based on preoperative 
usage status.

Volume Status
Normal saline is the most commonly used crystalloid infu-
sion during renal transplantation. In addition, 5% albumin 
may be administered sometimes to replace blood loss or, 
uncommonly, if quick volume expansion is necessary. 
Other colloid solutions such as hydroxyethyl starch are 
best avoided because of associated risks of adverse renal 
outcomes in critically ill patients.3 Blood transfusions 
with leukocyte-reduced packed cells may be needed if 
hemoglobin levels are less than 7 g/dL. A higher goal 
usually is targeted if significant cardiovascular disease 
is present. Brisk urine output after surgery is the goal 
after renal transplantation, and most programs give large 
amounts of IV fluids to patients with good function after 
surgery. Urine output is monitored closely in the initial 
postoperative period and replaced on a milliliter-by-milliliter 
basis with IV fluids. Any acute decrease in urine output 
is investigated promptly, and normal saline is given if a 
prerenal cause is suspected.

Those recipients with prompt graft function should have 
adjustments to replacement fluids to avoid “chasing your 
tail” by giving large volumes of fluid in patients with large 
urine outputs. This may be a serious problem in patients 
with significant azotemia (for example, BUN 200 mg/dL) 
and a living donor or excellent deceased donor leading to 
urine volumes of 10 to 15 L/day. These patients experience 
an early osmotic diuresis from the azotemia, which would 
resolve if the fluid replacement is adjusted appropriately. 
If these patients continue to receive milliliter-to-milliliter 
replacement, the urine output could be maintained at 10 
to 15 L/day indefinitely.

Many programs no longer routinely insert central venous 
pressure (CVP) catheters to assist in volume management. 
When used, they usually are removed during the first 24 
to 48 hours postoperatively. In most cases estimation of 
the patient’s volume status can be performed effectively by 
physical examination. If CVP measurement is available, a 
CVP target of 10 to 15 mm Hg throughout the perioperative 
period is targeted.

This monitoring may be invaluable, however, in patients 
with poor cardiac function before surgery who may be 
prone to developing congestive heart failure when relatively 
large volumes of fluid are administered during and after 
the operation. A conservative CVP of 8 to 10 mm Hg in 
these patients is the goal.

controlling hypertension in most patients is to restart most 
or all pretransplant medications and using agents such as 
clonidine or rarely IV infusions for short-term management. 
Few patients chronically may require clonidine given its 
predictable complications of somnolence and impotence. 
Volume-expanded patients should have the IV replacement 
fluids decreased.

BOX 212.2

Essential Components of Postoperative Orders After 
Kidney Transplantation

Communication Orders
Notify MD if temperature >38.5°C or heart rate <60 or >120
Notify MD if SBP <100 or >150
Notify MD if urine output <70 cc/hr or K>5.0
Notify MD if unrelieved pain
Notify MD if oxygen saturation <92% or increased oxygen 

needs
Notify MD if CVP <10 or >17
Notify MD if Foley issues: clots, resistance to irrigation, no 

urine output

Patient Care Orders
Vital Signs q 1 hr
Daily weights
Assess intake and output q 1 hr
Pain control per protocol
Foley catheter monitoring and removal per protocol
CVP monitoring per protocol
Pulmonary toilet per protocol
Access arm limb alert and monitoring per protocol
DVT prophylaxis per protocol
Elevate HOB by 30 degrees
Wound care orders per protocol
Activity/physical therapy per protocol and postoperative 

course
Nutrition orders per protocol and postoperative course

Medications and Fluids Orders Per Institutional Protocol
Induction immunosuppression (antithymocyte globulin or 

basiliximab)
Maintenance immunosuppression: tacrolimus, 

mycophenolic acid, belatacept
Steroid continuation or wean/withdrawal per protocol
PCP, CMV, and antifungal prophylaxis per protocol 

(Bactrim, Valganciclovir, Nystatin)
Medications for hypertension and diabetes
Intravenous fluid infusions per protocol (NSS, 1

2 NSS, 
D51/2 NSS)

Lab Work and Imaging
Daily CBC, metabolic profile, electrolytes
Tacrolimus trough levels
Blood glucose finger stick monitoring as indicated
Coagulation profile and liver function tests as needed
Flowcytometry per protocol
Urine analysis and culture per protocol
CXR/renal transplant ultrasound as needed or per protocol

Consults
Transplant nephrology
Social work
Transplant coordinator
Urology
PT/OT
Dietician/nutrition

CVP, central venous pressure; CXR, chest X ray; HOB, head of bed;  
MD, physician; OT, occupational therapy; PCP, primary care physician; 
PT, physical therapy.
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blockers, and heparin. A serum potassium of at least 5.5 
should be considered a medical emergency.

This term is used in this setting because the potassium 
may be rising rapidly and poses a threat to the patient’s 
survival. Box 212.3 illustrates management of hyperkalemia 
after kidney transplantation. All medications and dietary 
sources of hyperkalemia are sought and discontinued. 
Treatment is based upon severity of hyperkalemia and 
graft function. Patients with excellent early graft function 
may be managed with increased diuresis, with insulin 
and glucose along with use of sodium bicarbonate treat-
ment (particularly if the patient has metabolic acidosis). 
Fludrocortisone, a mineralocorticoid, sometimes also is used 
for chronic treatment of hyperkalemia to circumvent hypo-
renin hyperaldosteronism.4 Sodium polystyrene sulfonate 
(Kayexalate) with or without sorbitol should never be used 
in the postoperative setting because of its association with 
intestinal necrosis and death.5,6 In addition, the combination 

Cardiac Assessment
Renal transplant recipients have a high prevalence of cardio-
vascular disease, which requires that close attention is given 
to this area after surgery. Patients already taking oral beta 
blockers should continue with this medication, including 
on the day of surgery, to minimize risk of perioperative 
tachycardia and cardiovascular events. Statins should be 
continued in the perioperative period. Aspirin for primary or 
secondary prevention usually is restarted once risk of major 
bleeding has passed based on surgical team’s discretion. 
However, the approach is different in patients needing dual 
antiplatelet therapy (e.g., aspirin plus clopidogrel/prasugrel/
ticagrelor) for drug-eluting cardiac stents, in which case 
this therapy usually cannot be interrupted during the first 
year after stent implantation. Perioperative management of 
implantable cardiac defibrillators and pacemakers during 
renal transplantation, which involves electrocautery, should 
be based on existing protocols. These patients should be 
monitored closely in the postoperative setting with immediate 
availability of an external backup pacing and defibrillation 
until the device has been reprogrammed successfully.

Patients without a known history of cardiac disease and 
those without risk factors for cardiac disease (other than 
renal disease) usually are given routine monitoring after 
surgery. For those with known cardiovascular disease and at 
least two additional risk factors (smoking, hyperlipidemia, 
diabetes, stroke, or peripheral vascular disease), very close 
attention will be required. This is particularly important in 
patients with diabetes with preexisting cardiac disease or 
those with at least 25 years of diabetes. Such patients often 
are declared to be “high-risk cardiac” recipients and will 
be placed directly into the intensive care unit or monitored 
unit after surgery. In such patients unexplained hypotension 
may be the only sign of a myocardial infarction. Serial 
troponin levels often are used in addition.

Pain Control
IV fentanyl commonly is used to control postoperative 
pain in the form of a patient-controlled analgesia (PCA) 
pump. Meperidine is avoided because its metabolite norme-
peridine can accumulate in the presence of renal failure 
and predispose to respiratory depression and decreases 
seizure threshold. Acetaminophen/hydrocodone is used 
for late postoperative pain management after cessation 
of PCA pump, but attention should be directed to avoid 
concurrent additional acetaminophen usage. Nonsteroidal 
antiinflammatory drugs are avoided in the posttransplant 
setting because of associated nephrotoxicity.

Electrolytes and Minerals
Routine measurement of electrolytes and minerals is 
important, because abnormalities in this area can be 
expected in patients with renal failure. As discussed earlier, 
hyperkalemia is common before, during, and after surgery. 
It is perhaps even more prevalent after transplantation 
particularly in patients with poor allograft function. Even 
with a well-functioning allograft, these patients can have 
hyperkalemia as a result of multifactorial causes. Usage 
of calcineurin inhibitors is associated with hyporenin 
hypoaldosteronism with decreased aldosterone release 
and impairment of tubular potassium secretion. Additional 
factors include usage of drugs such as trimethoprim, beta 

BOX 212.3

Hyperkalemia Management After  
Kidney Transplantation

Hyperkalemia Management for Renal Transplant Recipients with Serum 
Potassium ≥5.5 mEq/L
Stat repeat K (to confirm value)
Stat check blood glucose (to aid with management 

decisions)
Stat check EKG (to assess EKG changes and place patient on 

telemetry monitoring)
Discontinue potassium from all IV fluids and put on 

potassium restricted diet
Stabilize cardiac membranes with calcium (no effect on 

serum potassium concentration)
Use if hyperkalemia with significant EKG findings (e.g., 

peaked T waves, widened QRS) or severe arrhythmias
Give calcium chloride 1 gram by IV infusion slowly over 

5-10 min (do not use in digitalis toxicity)
May repeat after 5 minutes if ECG changes persist; needs 

continuous cardiac monitoring.
Aid intracellular movement of potassium:
Insulin and glucose:
IV bolus of regular insulin 10 units with 50 mL of a 50% 

glucose solution
Consider holding glucose if blood sugar on finger stick 

≥250 mg/dl;
Monitor finger stick glucose closely q 30 min to 1 hr ×2
If repeat blood sugars <100, give 1 ampoule of D50 glucose 

and consider starting dextrose D10 infusion.
Beta-2 agonist:
Albuterol 10 to 20 mg via nebulizer over 10 min q 2 hrs 

prn (avoid in uncontrolled HTN and those with CAD)
Sodium bicarbonate:
Overall, effect is minimal. May be used if pH <7.3. Do not 

give in same IV as calcium.
If pH <7.3: use 100 mEq IV push over 2-5 min
If pH <7.2: use 150 mEq IV push over 2-5 min
Remove potassium
Cation exchange resin (sodium polystyrene sulfonate): Avoid 

usage in postoperative setting due to known association with 
intestinal necrosis.

Loop diuretic: no role in patients with DGF. Useful in 
patients with good urine output. Usual dose for furosemide 
is 40 to 80 mg IV. Monitor volume status to assess replacement.

Hemodialysis: Severe hyperkalemia (for example K >6.9), 
failure of above measures, or ongoing release of potassium 
load due to tissue breakdown.

Use of Fludrocortisone 0.1 mg PO BID chronically in cases 
of hypoaldosteronism (watch for fluid retention and uncon-
trolled HTN)
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synthetic grafts may experience thrombosis of the grafts after 
surgery. These grafts may have been occluded inadvertently 
during surgery or transport to or from the operating room. 
Thrombosed grafts often have anatomic defects such as 
stenosis or aneurysms that predispose them to this problem. 
Even if the renal allograft is functioning well, the throm-
bosed access should be evaluated because many of them 
can be salvaged. This should be pursued especially in 
those patients in whom recurrence of primary disease is 
a major concern (e.g., focal segmental glomerulosclerosis) 
or scheduled need for apheresis therapy entails ongoing 
use of arteriovenous access. Usage of central catheters and 
its associated risk of infectious complications should be 
avoided in these immunosuppressed patients. Protocols to 
minimize iodinated contrast amount and prophylaxis with 
volume expansion to minimize nephrotoxicity should be 
instituted.

Patients on PD are directed to completely drain the 
peritoneal fluid before renal transplant surgery. After trans-
plantation, the surgeon should be queried to determine if 
the peritoneal membrane has been disrupted during surgery. 
If these patients require dialysis after transplantation, PD 
may be the preferred option. If, however, the surgeon has 
punctured the peritoneal membrane, a leak of peritoneal 
fluid can be expected once the fluid is instilled. Some 
surgeons will attempt to oversew the peritoneal opening 
when it is discovered during surgery. In such patients, 
low volume exchanges (1–1.5 L) can be attempted with 
close attention to signs of a leak. When the peritoneum 
is disrupted and not oversewn, it is probably prudent to 
wait approximately 2 weeks before attempting PD. In the 
interim, an existing vascular access or a catheter may be 
used for HD modality.

Finally, those patients with a well-functioning allograft 
should have their HD and PD catheters removed before 
discharge. Early removal also lessens the risk of infections.

PATIENT WITH EARLY GRAFT DYSFUNCTION 
AND DELAYED GRAFT FUNCTION

The pathophysiology of acute allograft dysfunction and 
acute renal failure in kidney transplant recipients will be 
discussed elsewhere. We will therefore concentrate on the 
practical management of patients with delayed recovery 
of renal function immediately after transplantation. Box 
212.4 illustrates the causes of early renal dysfunction. 
Some degree of renal dysfunction develops in most renal 
allografts. Clinically it may improve rapidly after renal 
transplantation, but there may be a range of renal dysfunc-
tion from anuria to a slowly falling serum creatinine (slow 
graft function).15

Delayed graft function (DGF) is a commonly used term 
to describe initial poor allograft function. DGF is important 
because it has been associated with inferior long-term graft 
and patient survival and increased risk of acute rejection.16 In 
large transplant registries DGF often is defined operationally 
as the requirement for dialysis during the first postoperative 
week. Most publications use this definition. The decision 
to institute dialysis is very subjective and varies widely 
by transplant center. The lack of uniform criteria for DGF 
has led to a wide variation in reported incidences ranging 
from 5% to 40%.17

Box 212.5 illustrates risk factors for delayed graft dysfunc-
tion.18,19 The most common pathologic lesion is acute tubular 
necrosis (ATN). This is a direct effect of ischemia to the 

of narcotics and presence of postoperative ileus increase 
risk of intestinal necrosis and perforation with this drug. At 
this time, newer FDA-approved potassium exchange resins 
such as zirconium cyclosilicate and Patiromer7 have not 
been studied in postrenal transplant setting. HD should be 
performed in patients with life-threatening hyperkalemia.

Renal Function
Renal function initially is assessed by urine output. After 
a few hours, the serum creatinine and BUN will begin to 
fall in patients with good graft function. There is little 
value in monitoring blood work more frequently than once 
or twice per day. In patients with slow graft recovery, a 
decrease in the rate of rise in serum creatinine may herald 
impending recovery. In such patients, dialysis should be 
deferred unless there is a life-threatening reason such as 
hyperkalemia or pulmonary edema.

Calcium Phosphorus and Magnesium
Dialysis patients frequently have hyperparathyroidism, 
resulting in potentially rapid changes in calcium-phosphorus 
metabolism after surgery. Most patients with mild secondary 
hyperparathyroidism will resolve, but persistent second-
ary hyperparathyroidism may be encountered because 
of parathyroid hyperplasia and/or adenoma formation. 
Hypophosphatemia and hypercalcemia (or hypocalcemia) 
are common in patients with good graft function and 
hyperparathyroidism. Hypophosphatemia is due to increased 
PTH and FGF 23 levels. FGF 23 is a phosphaturic hormone 
produced by osteocytes and osteoblasts in response to 
high PTH levels8 and accumulates in CKD and also may 
persist posttransplantation. Posttransplant hypercalcemia 
derives from multiple factors such as increased calcitriol 
production, resorption of calcium phosphate deposits, and 
hyperparathyroidism. Many patients are admitted taking 
cinacalcet (Sensipar). Most centers elect to continue this 
agent after surgery. Limited information is available on the 
role of this agent after renal transplantation, but it has been 
demonstrated to control the hypercalcemia of hyperpara-
thyroidism in some patients.9 Some studies have observed 
an increase in serum creatinine in patients treated with 
cinacalcet, but this effect has been small and reversible.10,11

Hypomagnesemia is also common in patients treated 
with calcineurin inhibitors.12,13 The mechanism appears 
to be increased urinary excretion of magnesium caused 
by downregulation of renal expression of TRPM6, Mg(2+) 
channel.14 Diuretics also contribute to hypomagnesemia. 
Symptoms are typically neuromuscular, such as weakness, 
tetany, or cramps. Cardiac arrhythmias or seizures in severe 
deficiency also may be encountered. Magnesium should be 
replaced intravenously because many patients will have an 
ileus or slow intestinal function early postsurgery. With a 
functional renal allograft, it is usual to encounter hypo-
magnesemia and hypophosphatemia in the posttransplant 
setting. These electrolytes should be replaced and particular 
attention should be given to ensure accurate medication 
reconciliation so that newly transplanted patients are not 
discharged with phosphate binders.

Dialysis Access
The status of dialysis access should be assessed in the early 
posttransplant period because patients with A-V fistulas or 
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that limit warm ischemia time to less than 45 minutes for 
kidney utilization, the long-term graft function and DGF rate 
for DCD kidneys are comparable with kidneys from donors 
with brain death.20,21 Although DGF is more common in 
deceased donor allografts (23%), it also may be seen uncom-
monly after living donation (6%).18 The histologic finding in 
ATN-related DGF is similar to that found in native kidneys. 
Solez found that DGF biopsies had less tubular casts, some 
necrosis of complete tubular cross sections, less tubular 
dedifferentiation and regeneration, and more isometric  
vacuolization.22

Recipient factors associated with DGF include obesity, 
African-American ethnicity, presence of diabetes, donor 
and recipient size mismatch, and low-volume centers.23 
Increasing donor-recipient HLA mismatches also are associ-
ated with DGF and inferior long-term graft survival. The 
duration of long-term dialysis before transplantation has 
been associated with DGF, poor long-term graft survival, 
and increased long-term mortality.18 Since the institution 
of the new kidney allocation policy in December 2014, the 
DGF rate has increased from 25% to 29% most likely as 
a result of patients undergoing transplant with increased 
dialysis vintage.24 The best short- and long-term outcomes 
are in patients receiving preemptive transplantation.25,26 
The type of dialysis has variably been reported to affect 
the rate of DGF. Some studies have found lower rates of 
DGF with PD and an increased risk of graft thrombosis and 
early graft loss compared with HD, but others have found 
no difference in outcomes.27–30

The shortage of renal allografts has led to acceptance 
of previously unacceptable donors. The United Network 
of Organ Sharing (UNOS) in the United States previ-
ously defined a population of donors termed expanded 
criteria donors (ECDs). The definition of ECD included 
age more than 60 years or 50 to 59 years of age and at 
least two of the following medical conditions: a history 
of hypertension, serum creatinine level above 1.5 mg/
dL, and cerebrovascular event as the cause of death.31 
These kidneys were not expected to last as long as 
a standard criteria donor kidney but were suitable for 
those candidates who experienced higher mortality while 
awaiting renal transplantation. Merion et al. found that 
recipients of these organs experience higher postoperative 
mortality and DGF (Fig. 212.1). Now, ECD terminology 
has been phased out by UNOS and has been replaced 
by the Kidney Donor Profile Index (KDPI). KDPI is a 
numeric measure that combines 10 parameters about a 
deceased donor, including clinical data and demographics, 
to express the quality of the donor kidneys relative to 
other donors (Fig. 212.2). In summary, KDPI comprises 
a variety of donor factors and predicts the risk of graft 
failure (Fig. 212.3). Lower KDPI values are associated with 
increased donor quality; higher KDPI values are associated 
with lower donor quality. The KDPI is derived from the 
Kidney Donor Risk Index (KDRI).32 Previously defined ECD 
category now equates to a KDPI of more than 85%. Those 
patients receiving kidneys with KDPI of more than 85% 
will require careful management of cardiovascular risk, 
volume management, and attention to other comorbid ill-
nesses. Few KDPI >85% organs will be offered to younger 
otherwise healthy patients. KDPI also may be useful in 
determining whether to accept an offer of both kidneys 
from a particular donor or to decline if only a single 
kidney is available. For example, a program may be willing 
to accept kidneys from a donor with an elevated KDPI, 
but only if both kidneys are available and would together 
provide sufficient renal mass for an anticipated successful  
outcome.33

allograft during procurement and implantation procedures. 
There are two distinct periods of warm ischemia relevant 
to renal transplantation. Warm ischemia time (WIT) in 
the donor is defined as time in minutes from the time of 
cross clamping (or of asystole in donation after cardiac 
death), until rapid cooling to 4°C. Warm ischemia time in 
the recipient is calculated from removal of the organ from 
cold storage until reperfusion in the recipient. Cold ischemia 
time (CIT) is the period from when the allograft is placed 
at 4°C until removed from cold storage. Increasing WIT and 
CIT increase the risk of DGF. With the introduction of DCD, 
donor centers have been faced with relatively long WIT and 
higher rates of DGF. These grafts sustain increased warm 
ischemia because the acquisition of organs does not begin 
until cardiac function ceases. In DCD procurement protocols 

BOX 212.5

Risk Factors for Delayed Graft Function

Increasing cold ischemia time
Increasing warm ischemia time
Increasing donor age
Expanded criteria donor (ECD)/KDPI >85%
Donation after cardiac death
Increasing recipient panel reactive antibody
Recipient African-American ethnicity
Increasing recipient BMI
Recipient diabetes
Male recipient
Increasing recipient dialysis vintage
Donor and recipient size mismatch
Low-volume transplant centers

BMI, Body mass index; KDPI, kidney donor profile index.

BOX 212.4

Causes of Early Renal Allograft Dysfunction

Acute tubular necrosis
From cold and warm ischemia to donor kidney
Recipient perioperative hypotension

Prerenal state (volume depletion)
Postrenal

Urinary bladder dysfunction (especially in patients with 
diabetes)

Benign prostatic hyperplasia
Ureteral obstruction: ureteral necrosis or leak, hematoma, 

lymphocele
Thrombosis

Arterial
Venous

Rejection
Hyperacute or acute antibody-mediated rejection
Acute cellular rejection (usually after 1 week)

Rapid recurrence of native disease
FSGS
Atypical HUS
Antiphospholipid antibody syndrome causing thrombotic 

microangiopathy
Nephrotoxicity

Calcineurin inhibitors
Angiotensin-converting enzyme inhibitors (ACEIs)
Angiotensin receptor blockers (ARBs)

Atheroemboli to renal transplant
Origin in donor vessels
Origin recipient vessels

FSGS, Focal segmental glomerulosclerosis; HUS, hemolytic uremic 
syndrome.
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pulmonary edema (without an adequate response to diuret-
ics) are absolute indications for dialysis. In other settings, 
there is great variability in the timing of dialysis. For most, 
the problem centers on the observation that urine output 
typically falls after HD treatments. Many have developed the 
impression that HD delays recovery of DGF particularly in 
patients with some urine output or those developing early 
recovery of renal function. With the use of biocompatible 
membranes, the risk of complement activation leading to 
allograft injury is lessened. Little direct evidence exists to 
confirm that HD is harmful to the recovering graft. Dialysis 

Indications for Dialysis in Patients with Delayed 
Graft Function
Patients with DGF require dialysis. Determining when to 
perform dialysis remains a controversial subject. The risk of 
DGF in recipients undergoing solitary deceased donor trans-
plants can be assessed by using the DGF calculator available 
at www.transplantcalculator.com/Transplant-Calculators/
Delayed-Graft-Function.aspx.34 This calculator incorporates 
various donor, recipient, and transplant characteristics. All 
would agree that life-threatening hyperkalemia (unresponsive 
to medical management) and volume overload leading to 
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patients within the first 24 hours precisely to detect arterial 
and venous thrombosis. Emergent reexploration is required 
if arterial thrombosis is suspected. Renal artery thrombosis 
usually is due to technical or mechanical problems during 
recovery or the transplant operation, including kinking or 
torsion of the vessels, trauma to vessels during recovery 
causing an intimal flap, vessel size disparities, multiple 
renal vessels, or atherosclerosis of the donor or recipient 
vessels. Hyperacute or subacute rejection also may be seen 
as an arterial thrombus. Hypotension, inducing slow arterial 
flow, is one of the most common causes of graft thrombosis, 
and this can be avoided by close hemodynamic monitoring 
and timely corrective measures.

Thrombophilic disorders are also common causes of 
vascular thrombosis after transplantation.37 Table 212.2 
illustrates the major thrombophilic disorders causing 
thrombosis after renal transplantation. These disorders may 
cause arterial or venous thrombosis after transplantation. 
The incidence of several of these are unknown after renal 
transplantation, but others (hyperhomocysteinemia and 
antiphospholipid antibodies) are much more common in 
transplant recipients. Patients with recurrent deep vein 
thrombosis with or without embolism, recurrent thrombosed 
vascular accesses, and prior venous or arterial thrombosis 
should be screened for thrombophilic disorders before trans-
plantation. Such patients usually require anticoagulation 
in the perioperative period.

Renal Vein Thrombosis
Renal vein thrombosis also usually develops during the early 
posttransplant period and typically leads to graft loss. The 
clinical presentation includes a tender swollen allograft and 
hematuria. As with arterial thrombosis, technical causes are 
common and include kinking or angulation of the vessels 
but also may be due to compression of hematomas or 
lymphoceles or extension of a deep vein thrombus from 
the lower extremity. Patients with massive proteinuria also 
may be at risk of renal vein thrombosis. Thrombophilic 
disorders should be considered in patients without an 
obvious technical cause for thrombosis. The diagnosis can be 
confirmed by Doppler ultrasound, and urgent reexploration 

usually is performed for indications so that randomization of 
patients to HD or no HD is not a feasible study design given 
the life-threatening risk to the untreated groups. Dialysis 
should be performed before patients have uremic symptoms, 
but there is currently no consensus on the optimal level of 
azotemia when dialysis is felt to be advantageous in patients 
with DGF. If dialysis is performed, the newly transplant 
recipient preferably should be maintained operationally at 
least 2 kg above the pretransplant estimated dry weight. 
However, hemodynamic fluctuations with MAP <70 and 
rapid fluid removal should be avoided during dialysis 
therapy. PD can be pursued provided the peritoneal mem-
brane has not been compromised.

EARLY SURGICAL COMPLICATIONS

Most surgical complications develop early in the posttrans-
plant period.35 Problems such as renal artery stenosis usually 
are detected weeks to months later. Vascular complications 
can be some of the most dramatic early problems. Prompt 
recognition of vascular complications may provide an 
opportunity to salvage the allografts in these patients with 
high graft loss rates. Common surgical complications in 
the immediate posttransplant period are highlighted in 
Table 212.1.

Renal Artery Thrombosis
Arterial thrombosis may develop shortly after renal vascular 
anastomosis until days later. The reported incidence ranges 
from 0.5% to 6.2% and usually results in graft loss.36 This 
problem usually is seen with sudden oliguria and a rapidly 
rising serum creatinine. The rate of graft loss is determined 
by the location and degree of thrombosis. Thrombosis of 
the main renal artery usually leads to graft loss, and those 
limited to segmental vessels may provide an opportunity 
for salvage if detected and treated quickly. The most useful 
diagnostic study is Doppler ultrasound, which is noninvasive 
and universally available in transplant centers. Most centers 
routinely perform a screening Doppler ultrasound on all 

TABLE 212.1

Surgical Complications After Kidney Transplantation38

CAUSE CHARACTERISTICS DIAGNOSIS TREATMENT

Renal vein 
thrombosis

Sudden drop in urine output 
Dark hematuria

Tender and swollen graft

Ultrasound with Doppler Reexploration for thrombectomy or 
nephrectomy

Renal artery 
thrombosis

Sudden drop in urine output
Usually no tenderness over 
allograft

Ultrasound with Doppler Reexploration usually for nephrectomy

Ureter 
obstruction

Elevated creatinine Hydroureter (per ultrasound)
Possible lymphoceles (per ultrasound)

Percutaneous nephrostogram
Drainage of any lymphoceles

Urine leak Fever, pain over graft
Fluid leak from wound

Renal scan
Fluid analysis for creatinine
(high if urine leak)

Drainage of any urinoma
Percutaneous nephrostomy and stenting 
of ureter

Surgical reexploration for early leak or 
unsuccessful medical treatment

Wound 
infection

Erythema around wound
Drainage from wound

Physical examination ultrasound or CT
(to rule out deep infection)

Wound opening (for superficial 
infection)

Drainage (for deep infection with fluid 
collection)

From Seminars in Dialysis.Vol 18, No 6. 2005 pp. 505–510.



1278  Section 29 / Kidney Transplantation and Critical Care

with or without antibiotic usage. Noninfectious wound 
complication such as wound dehiscence is rare and is more 
common in obese patients, those with diabetes, and those 
treated with sirolimus. Most transplant programs withhold 
sirolimus because of its significant antiproliferative effect 
in the early postoperative period to avoid this dramatic 
complication.40

Key Points

1. Perioperative management of a new kidney trans-
plant recipient begins with a detailed pretransplant 
evaluation to properly stratify anticipated risk for 
complications.

2. In recent years, postoperative management of  
renal allograft recipients has been outside the 
intensive care unit except for patients with severe 
preoperative disease or those with intraoperative 
instability.

3. Key areas of focus following renal transplantation 
include management of volume status and blood 
pressure, cardiac and respiratory function, elec-
trolytes, and renal allograft function.

4. Some recipients will experience allograft dysfunc-
tion. Workup should be done to differentiate 
delayed graft function because of tubular necrosis 
from other causes, which may need more immediate 
intervention (e.g., technical complications, acute 
rejection).
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is required if salvage is to be successful. Similar to arterial 
thrombosis, graft rupture may threaten the patient’s life.

OTHER SURGICAL COMPLICATIONS

Other early surgical complications include obstruction, 
urine leaks and urinomas, hematomas, and rarely wound 
dehiscence.35,36,38 Early obstruction may be caused by blood 
clots blocking the Foley catheter, kinking of the ureter, and 
hematomas occluding the ureter. Obstruction usually is seen 
as a rising creatinine. Patients who have been anuric for 
many years may have a very small bladder that does not 
expand with filling by urine. These patients fill the tiny 
bladder rapidly once the Foley catheter is removed, leading 
to reflux into the new ureter and functional obstruction. 
Management centers on prolonged (weeks) placement of 
the Foley catheter and “training” of the bladder by allowing 
progressive increases in bladder pressure and volume using 
intermittent clamping. Urine leaks usually develop at the 
bladder anastomosis and may be due to ischemia resulting 
from inadvertent devascularization of the ureter. Rarely, 
ligation of the lower polar artery may cause necrosis of the 
transplanted ureter, resulting in obstruction or urine leak. 
Other causes include increased tension resulting from a short 
donor ureter and trauma to the ureter during procurement.

Hemorrhage should be an uncommon complication, 
which usually is due to unligated vessels in the hilum 
of the graft or leaks from small retroperitoneal vessels.38 
Rapid bleeding typically presents as a falling hematocrit, 
tachycardia, and hypotension. Slower bleeding usually 
causes perinephric hematomas, which may become large 
enough to occlude arteries, veins, or the ureter. Patients with 
rapid bleeding should be reexplored urgently. Hematomas 
not causing obstruction of major structures or causing a 
progressive fall in hematocrit can be monitored.

Wound Infections
Wound complications are possible in all patients with an 
incidence of about 5%, and therefore the wound should 
be examined closely until complete healing has occurred. 
Kidney transplantation surgery is not done in a strictly sterile 
field, because some urine spillage while constructing bladder 
anastomosis usually is encountered. Obese patients have 
the greatest incidence of these complications.39 Infection 
and superficial wound breakdown are the most common. 
Infections deeper to the fascia generally are treated with 
percutaneous or surgical drainage and usage of antibiotics. 
Superficial infections are treated with wound debridement 

TABLE 212.2

Thrombophilic Disorders Causing Vascular Thrombosis After Renal Transplantation37

DISORDER GENERAL POPULATION (%) PATIENTS WITH First VTE (%) RENAL TRANSPLANTS (%)

AT deficiency 0.04 1 NA
Protein C deficiency 0.3 3 NA
Protein S deficiency 0.1 3 NA
Hyperhomocysteinemia 5 10 50–90
Factor V Leiden 5 20 4–6
Prothrombin gene mutation 3 6 3.7
High Factor VIII levels 10 25 NA
Antiphospholipid antibodies 2 15 19-28

AT, Antithrombin; NA, not available; VTE, venous thromboembolism.
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