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Abstract
Purpose of Review The purpose of this study was to review
current literature on the intraoperative management of the kid-
ney transplant recipient in terms of preoperative evaluation,
anesthetic agents of choice, monitoring needs, intraoperative
fluid and hemodynamic management, and perioperative pain
control options.
Recent Findings More recent literature regarding intraopera-
tive kidney management suggests less aggressive volume
loading with a balanced crystalloid solution, particularly in
regard to albumin and blood products, with increased consid-
eration for multimodal therapies for nausea and pain control.
Summary Perioperative kidney management is crucial to
immediate- and long-term outcomes for graft and patient sur-
vival. Surgical and anesthetic techniques should continue to
be honed to allow for ideal renal perfusion intraoperatively.
Considerations for intraoperative optimization for renal trans-
plantation include the appropriate types and volume of fluid
based on cardiac risk factors with the increasing number of
elderly recipients, the avoidance of vasoconstrictive agents,
and a reduction in perioperative cardiac-depressing agents
for pain that may be managed by multimodal therapies.
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Introduction

As the prevalence of end-stage renal disease (ESRD) con-
tinues to increase, so too has the need for kidney transplanta-
tion, which improves survival and quality of life while de-
creasing healthcare costs compared to dialysis [1–4]. Long-
term outcomes of kidney transplantation also continue to im-
prove as immunosuppression options have advanced.
However, the ESRD population is aging and presents for kid-
ney transplantation with significant comorbidities, including
diabetes and cardiovascular disease, which must be evaluated
preoperatively [5]. Additionally, it is recognized that early
graft function influences long-term patient and graft survival
and that meticulous attention to the perioperative period may
optimize outcomes for all patients and particularly for those
who are at increased risk for early adverse events [6].

Preoperative Evaluation and Premedications

Patients presenting for kidney transplantation have usually un-
dergone extensive pretransplant evaluation by their transplant
center. Since diabetes and hypertension are the most common
etiologies of ESRD and these diseases as well as the uremic
milieu contribute to the development of cardiovascular disease
[7,8], it isessential tounderstandthesepatients’burdenofcardiac
disease. Almost half of all perioperative mortalities in the first
30 days after transplantation are from cardiac causes [9].
Although there are existingguidelines for pretransplantation car-
diac screening, these recommendations are often based on
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observational data and are inconsistent with existing, large ran-
domized controlled trials in nontransplant patients which do not
show benefits of preoperative revascularization in terms of ad-
verse cardiac events ormortality [10–12]. For transplant patients
with symptomatic cardiac disease orwho are high risk byhaving
at least two of the following factors: hypertension, diabetes, hy-
perlipidemia, obesity, tobacco use, prior ischemic heart disease,
males age >45, females age >55, a first-degree relative with a
history of ischemic heart disease, or evidence of left ventricular
hypertrophy, it is reasonable toperformanoninvasive test suchas
a dobutamine stress echocardiogram or nuclear myocardial per-
fusion study. Rabbat et al. in 2003 [13] showed a significant
association between positive noninvasive testing andworse out-
comes for kidney transplant candidates; however, subsequent
studies have shown no association [14, 15]. Those individuals
with diminished ejection fractions below 35–40% or signs of
ischemia on stress testing are usually referred for cardiac cathe-
terization and subsequent intervention such as coronary artery
bypass grafting (CABG) or percutaneous cardiac stenting (PCI)
as Manske et al. showed significantly decreased perioperative
cardiac morbidity and mortality for those diabetic patients who
were revascularizedversus thosewhowerenot [16].Ourcenter’s
evaluation policy stratifies by cardiac riskwith increased consid-
eration for those with diabetes. We prefer dobutamine stress
echocardiography based on its ability to incrementally risk strat-
ify diabetics with an acceptable predictive value for ESRD pa-
tients while being less expensive than a nuclear perfusion study
[17, 18]. Revascularization via either PCI or CABG is recom-
mended for those patients who have significant stenosis on car-
diaccatheterization.Wefeel thishasbeenanacceptableapproach
as a recent evaluation of our 30-day posttransplant perioperative
risk for cardiac complicationswas 4.1%, less than the 6.1% sug-
gested by previous studies [19].

Kidney transplant recipients have significant comorbidities
such as hypertension, volumeoverload, electrolyte andmetabolic
disturbances, diabetes with concomitant glucose control and
gastroparesis concerns, and pulmonary impairment. Up to 70%
of patients presenting for transplantation have preexisting hyper-
tension. Perioperative management of their hypertension should
involve use of baseline anti-hypertensives with the exception of
angiotensin-converting enzyme inhibitors or angiotensin II recep-
tor blockers,whichdecrease renal blood flowandmayexacerbate
acute tubular necrosis. Additionally, they may cause refractory
hypotension during general anesthesia [20]. Perioperative beta-
blockers shouldbecontinued todecrease the incidenceof rebound
tachycardia and risks of cardiac ischemia [21]. Additionally, it is
recommended that patients shouldundergodialysiswithin24hof
kidney transplantation toallowforoptimalvolumeandelectrolyte
status, whichmay also allow for decreased postoperative dialysis
in thesettingof slowreturnofallograft function [22].Preoperative
and intraoperative glucose testing should be routine for diabetic
patients especially since induction of immunosuppression with
steroids may precipitate hyperglycemia. Hyperglycemia is

associatedwith increased riskof surgical site infectionandcardiac
morbidity in the perioperative period [23]. Patients should contin-
ue any therapy such as proton pump inhibitors or histamine2 re-
ceptor blockers as they would at home. Metoclopramide 10 mg
intravenous (IV) given30minbefore surgery has been associated
with improved gastric emptying for those with known
gastroparesis [22]. In an effort to decrease intraoperative narcotic
requirements, associated postoperative nausea and vomiting
(PONV), and ileus development, acetaminophen is administered
preoperatively [24]. Although many laboratory tests including
viral serologies, prostate tumor markers, and hypercoagulable
state evaluations may have been ordered in waitlist evaluation
visits, immediate preoperative laboratory testing at our center in-
cludes a complete blood count, comprehensive metabolic panel,
coagulation factors, blood type, type and screen, and a pregnancy
test for reproductive-agedwomen.ApreoperativeECGandchest
x-rayarealsoperformed.Prophylacticantibioticsaregivenwithin
30minof incision, andcefazolin is the standard [25].Preoperative
heparin 5000 units subcutaneous and sequential compression de-
vices are also used for deep venous thrombosis prophylaxis.
Induction agents such as alemtuzumab, basiliximab, or anti-
thymocyte globulin (rabbit) (ATG) may be given with methyl-
prednisolone at or after induction.

Intraoperative Positioning, Procedure,
and Monitoring

Patients are in the supine position during kidney transplanta-
tion. We often utilize a kidney rest in the operating room table
to elevate and extend the pelvis to allow for decreased angu-
lation of the external iliac vessels. Both arms are extended
with enough space to allow for the posting bar for a self-
retaining retractor. As many ESRD patients have functioning
vascular access sites for hemodialysis, careful attention to po-
sitioning and padding of these extremities is crucial to their
ongoing function. A curvilinear lower quadrant incision on
the side of kidney transplant implantation is usually performed
with a midline incision employed for those with multiple prior
transplants or vascular concerns. The operation involves arte-
rial and venous clamping of the recipient artery and vein of
choice, which is usually the external iliac artery and vein;
however, the common iliac vessels, aorta, or vena cava may
be involved. Clamp time, or warm ischemia time for the anas-
tomosis, on average is 30–40 min, and prolonged anastomotic
times have been shown to negatively correlate with both im-
mediate and longer-term allograft function [26]. Once the vas-
cular anastomoses are performed, the ureter is anastomosed to
the bladder with or without ureteral stent placement per trans-
plant center protocol. The operative length is about 2–3 h.

As far as intraoperative monitoring, this varies depending on
institution and patient factors, although theAmerican Society of
Anesthesiologists (ASA) guidelines for major surgery are
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usually incorporated and include pulse oximetry with
capnography, ECG leads, blood pressure monitoring, adequate
peripheral venous access, and neuromuscular relaxation moni-
toring [27]. Invasive monitoring with an arterial line may be
reserved for those with cardiac risk factors such as severe coro-
nary artery disease, poorly controlled hypertension, low ejection
fraction, or valvular heart disease [28]. Some centers may place
invasive central venous catheters in patients for induction agent
infusion such as with ATG, for venous pressure measurements
for volume status, and/or to assist with frequent blood draws in
patients with difficult IVaccess. Transesophageal echocardiog-
raphy (TEE) may be considered in patients for continuous eval-
uation of ventricular function and pulmonary artery pressures in
thosewithknownventriculardysfunction,valvularheartdisease,
or pulmonary hypertension. Pulmonary artery catheters (PAC)
are rarely used and have not been shown to improve outcomes
[29]. Since our center gives one dose of alemtuzumab for immu-
nosuppression induction during the operation, central venous
lines are placed only if IV access is tenuous or if it is felt that
increased intravascular monitoring or ability to infuse volume
is warranted. Arterial lines are also only placed for those having
specific criteria. We do allow the use of tunneled dialysis cathe-
ters for IVaccess if a suitable peripheral IV cannot be obtained.

Anesthetic Agents of Choice

Although general anesthesia (GA) is usually performed for renal
transplantationatmost centers, neuraxial anesthesiawhether epi-
dural, spinal, or combined spinal epidural was the initial anes-
theticofchoice for transplantswith renewedinterestmore recent-
ly as some centers have reported their experiences with good
outcomeswith this technique.Epidural anesthesia (EA)hasbeen
associated with improved cardiovascular stability, decreased
blood loss, and improved pain control [30–32]. In one random-
ized study comparing combined spinal epidural or general anes-
thesia for kidney transplant surgery, there was no difference in
anesthesia time, surgical time, heart rate, systolic bloodpressures
at all pointsmeasured,bradycardia, orhypotension, showing it to
be a reasonable alternative to GA [33].

GAwith endotracheal intubation is generally performed for
kidney transplantation with volatile anesthetic maintenance. If
patients have significant PONVor other considerations, total
IV anesthesia (TIVA) with propofol preceded by fentanyl has
been shown to be a suitable alternative with similar pharma-
cokinetics and hemodynamics to inhaled anesthetics [34].
Induction may be performed via rapid sequence if the patient
has a known history of poorly controlled diabetes or risk fac-
tors for increased gastric contents in order to minimize aspi-
ration. We induce with a short-acting hypnotic, such as
propofol, as well as medications to blunt the tachycardic re-
sponse to laryngoscopy and intubation such as fentanyl and
lidocaine. Fentanyl is not only short-acting but minimally

cleared by the kidney (7%) [28]. A neuromuscular blocking
agent (NMBA) is administered as well and for induction is
usually rocuronium or vecuronium. The former has a short
latency, is hepatically cleared, and is not altered by renal dys-
function. Succinylcholine may be used for induction if the
potassium level is <5.0 mmol/L [35]. Prior to proceeding to
the operating room, a short-acting anxiolytic such as midazo-
lam may be considered. Maintenance anesthesia is provided
by a volatile anesthetic, isoflurane, which can be in an air/
oxygen mixture or combined with nitrous oxide, which de-
creases the amount of inhalational agent needed and may de-
crease myocardial depression [29]. Inhalational agents are
supplemented during the maintenance phase with short-
acting narcotics such as fentanyl. If concerns about PONVor
postoperative pain control are of particular concern, other
medications such as lidocaine or ketamine infusions may be
used intraoperatively. NMBA are administered throughout the
case to avoid movement until the fascial closure.
Cisatracurium, which does not rely on renal elimination and
undergoes ester hydrolysis via Hofman degradation, is usually
used for maintenance NMBA [28].

Fluid Management

Some kidney transplant recipients may come to the operating
room hypovolemic due to recent dialysis and lack of oral
intake. Several induction agents and volatile inhalational
agents can decrease systemic vascular resistance (SVR) and
in the setting of decreased circulatory volume may lead to
hypotension. Although controversies exist in the literature re-
garding the extent of volume loading and type of fluid to use,
it is clear that intraoperative volume expansion is needed to
increase renal blood flow after reperfusion and avoidance of
hypotension, ideally without pressor support, is paramount.
Kidney transplant graft and patient survival outcomes have
been correlated with perioperative renal function, such as ear-
ly urine output and diuresis [36, 37].

Initial studies in fluid loading established the standard for
maximal hydration intraoperatively. One study by Luciani et al.
reportedon100consecutivekidney transplantpatientswhowere
administered large fluid volumes directed by pulmonary arterial
pressure (PAP). The average intraoperative fluid loads were ap-
proximately 2.4 L of water with 22.8 g of sodium chloride,
5.9 units of albumin, and 2.5 units of packed red blood cells
(prbcs).Postoperatively, thepatients remainedventilatedandflu-
id administration matched diuresis if at or above 400 mL/h. If
diuresiswasnotat this level,additionalsaline,albumin,andprbcs
were administered with furosemide being utilized to promote
diuresis if fluid loading failed toachieve this levelofurineoutput.
They found that 95% of patients achieved this high-output early
diuresis with a decreased mortality rate and an increased graft
survival rate [38]. Maximal hydration utilizing PAPs was also
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associated with improved allograft function when studied by
Carlier et al. They divided two groups of 120 patients into those
with PAPs ≤20 mmHg and diastolic PAPs ≤15 mmHg at reper-
fusion and those with PAPs >20 mmHg and diastolic PAPs
>15 mmHg. They found that the frequency of acute tubular ne-
crosis (ATN) was 36% in the lower PAP group vs. 6% in the
higher PAP group at the time of vascular unclamp, concluding
the importanceof intravascular volumeat the timeof reperfusion
[39•].Timingofvolume loadinghasalsobeenevaluatedbycom-
paringaconstant infusionrateduringthetimeof induction tocase
completion vs. volume loading during the time of vascular anas-
tomosis, and the latter may enhance early graft function [40].

These studies have led to a recommendation of CVP be-
tween 10 and 15mmHg to ensure adequate volume expansion
at the time of reperfusion. However, with the increasing num-
ber of patients with cardiac comorbidities, aggressive fluid
management has been questioned and more recent findings
suggest that a more conservative fluid policy (crystalloid av-
erage of 2.4 L with a CVP range of 7–9 mmHg) was associ-
ated with good allograft recovery and function [41•]. We do
not routinely place central venous lines, but do utilize approx-
imately 2.5–3.5 L of crystalloid per transplant, which is ap-
proximately 15 mL/kg/h. Volume infusion is titrated to hemo-
dynamic measures such as blood pressure and heart rate.

The constituency of the appropriate fluids to administer has
also been recently debated. Traditionally, crystalloid infusion
with normal saline has been utilized by the majority of centers;
a survey in2002showed94%ofcentersused0.9%normal saline
(NS) [42]. Subsequently, this same group, O’Malley et al.,
showed that hyperkalemia and metabolic acidosis were signifi-
cantlygreater inpatientswhoreceivednormalsalinecomparedto
thosewho received lactatedRinger’s solution (LR), although the
NS group did not have worse renal function [43]. Amore recent
study compared the use of an acetate-buffered balanced crystal-
loid solution (e.g., Plasmalyte-A, Normosol-R) versus NS and
found increased hyperchloremia and need for catecholamine ad-
ministration for circulatory support in the NS group, although
there was no difference in creatinine or urine output postopera-
tively [44]. Hadimioglu et al. comparedNS, LR, and Plasmalyte
and foundthat all are safeoptions,butphysiologicparametersare
most maintained in the patients who received Plasmalyte [45•].
These recent studies have altered our crystalloid choice, which
intraoperatively is now Plasmalyte.

Colloids, such as albumin, have been shown in a dose-related
manner (1.2–1.6 g/kg bodyweight for a high dose group vs. 0–
0.4 g/kg bodyweight for a low dose group) to improve rates of
delayed graft function, glomerular filtration rate, and graft and
patient survival presumably throughvolumeexpansion,minimi-
zation of hypoxic injury, and preservation of renal tissue [46].
However, the use of colloids has been questioned as multiple
trialsdonotdemonstratebenefitsofalbuminuseovercrystalloids
[47, 48], and one large cohort study suggests that albumin is
associated with increased risk of acute renal failure [49]. Blood

products are given in the setting of ongoing blood loss and trans-
fusion trigger guidelines of a hemoglobin <7 or <8 g/dL in those
with known cardiac disease as several studies have shown im-
proved outcomes including formortality with a restrictive trans-
fusion strategy [50, 51].

Diuretics have been given during kidney transplantation to
promote diuresis at the time of reperfusion. The administration
of mannitol with moderate hydration has been shown to re-
duce ATN from rates as high as 42% to less than 5% [52]; the
mechanism for this reduction is thought to be from mannitol’s
osmotic effect on the nephron to increase renal volume and its
protective effect on renal tubule ischemia [28]. Furosemide
blocks the sodium-potassium-chloride pump in the thick as-
cending limb of the loop of Henle and, in promoting diuresis,
can aid in preventing oliguric renal failure [28]. Although one
study demonstrated no difference in immediate graft function
or 1-year graft outcomes with or without diuretic use [53], our
practice has been to administer both immediately after
unclamping of the newly anastomosed vessels.

Hemodynamic Management

The goal is to have adequate perfusion pressure at the time of
vascular unclamping and reperfusion of the kidney. We target a
mean arterial pressure of 70 to 90mmHg, preferablywith volume
expansion,withjudicioususeofanestheticor immunosuppressive
induction agents and inhaled anesthetics, and without the routine
useofvasopressors.Alpha-agonists suchasphenylephrineshould
beavoideddue to the riskofvasoconstriction in the renal allograft,
which can impair outcomes with reduced renal blood flow [54].
Low-dose dopamine to increase renal blood flow was evaluated
and does not improve renal function and was associated with in-
creasedheart rate, lengthof ICUstay,and6-monthmortality [55•].
Dopamine may be considered for its inotropic effects at lower
doses (3–5 μg/kg/min) for those patients with hypotension, and
we administer it to patients to improveMAP in the perioperative
period when volume expansion is not adequate or other disease
states prevent larger volume expansion.Wewill consider holding
the infusion of an immunosuppression induction agent or admin-
istering sodium bicarbonate or calcium carbonate during intraop-
erative hypotensive episodes.

Emergence and Postoperative Considerations

Patients who receive an intraoperative muscle relaxant should
receiveaneuromuscularblockade reversal agent suchasneostig-
mine prior to extubation. Failure to reverse neuromuscular
blockingagents is associatedwith increased riskofpostoperative
pulmonary complications [56]. Standard practice at our center is
to extubatepatients in theoperating roomat the conclusionof the
operation.Kidneytransplantpatients rarelyrequirepostoperative
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critical care, although nursing assessments including hourly
urine output measurements in the first 24 h are often requested.
Postoperativepain control forkidney transplant recipients isusu-
ally through oral narcotics and intermittent IV pain medications
such as hydromorphone. Hydromorphone is preferred to mor-
phine, which has toxic metabolites that accumulate with renal
impairment [57].We also schedule acetaminophen and consider
renally dosed gabapentin for neuropathic, incisional pain.
Transversus abdominis plane (TAP) blocks for acute postopera-
tivepain relief inkidney transplant recipients havebeenmetwith
varied responses.One study showeddecreasedopioid consump-
tion intraoperatively and in the first 24 h postoperatively [58],
while another did not reduce 24-h morphine requirements [59].
We have utilized TAP blocks in selected patients with severe
postoperative pain, and it has improved pain control when used
as a rescue method in the recovery room at our institution.

Conclusions

Intraoperativeconsiderations for the renal transplant recipientare
essential as adequate restoration of blood flow to the renal

allograft with adequate perfusion pressures to allow for immedi-
ate diuresis and function influences short- and long-term out-
comes on graft and patient survival [6, 9, 35–37].While optimal
fluid loading conditions are unclear at this time, adequate hydra-
tion (CVP8–15cmH2O)with abalancedcrystalloid (60–90mL/
kg) tomaintainanacceptableMAPforperfusion (70–90mmHg)
without theuseofavasopressor iskey.Theutilizationofalbumin
and diuretics as well as the minimization of cardiodepressants
andperipheralvasodilators suchas inhaledanesthetics, propofol,
and narcotics should be considered (Table 1).

Compliance with Ethical Standards

Conflict of Interest Rachel Forbes, Adam King, and Beatrice
Concepcion declare no conflict of interest.

Human and Animal Rights and Informed Consent This article does
not contain any studies with human or animal subjects performed by any
of the authors.

References

Papers of particular interest, published recently, have been
highlighted as:
• Of importance

1. Wolfe RA, Ashby VB, Milford EL, Ojo AO, Ettenger RE, Agodoa
LY, et al. Comparison of mortality in all patients on dialysis, pa-
tients on dialysis awaiting transplantation, and recipients of a first
cadaveric transplant. N Engl J Med. 1999;341:1725–30.

2. Rabbat CG, Thorpe KE, Russell JD, Churchill DN. Comparison of
mortality risk of dialysis patients and cadaveric first renal transplant
recipients in Ontario, Canada. J Am Soc Nephrol. 2000;11:917–22.

3. Ogutmen B, Yildrim A, Sever MS, Bozfakioglu S, Ataman R, Erek
E, et al. Health-related quality of life after kidney transplantation in
comparison intermittent hemodialysis, peritoneal dialysis, and nor-
mal controls. Transplant Proc. 2006;38:419–21.

4. Eggers P. Comparison of treatment costs between dialysis and
transplantation. Semin Nephrol. 1992;12:284–9.

5. HartmannEL,WuC.The evolving challengeof evaluating older renal
transplant candidates. Adv Chronic KidneyDis. 2010;17(4):358–67.

6. Tapiawala SN, TinckamKJ, Cardella CJ, Schiff J, Cattran DC, Cole
EH, et al. Delayed graft function and the risk for death with a
functioning graft. J Am Soc Nephrol. 2010;21:153–61.

7. Stockall C, et al. Renal transplantation. In: Sharpe MD, Gelb AW,
editors. Anesthesia and transplantation. Boston: Butterworth and
Heinemann; 1999. p. 241.

8. Cosio FG, Alamir A, Yim S, Pesavento TE, Falkenhain ME, Henry
ML, et al. Patient survival after renal transplantation: I. The impact
of dialysis pre-transplant. Kidney Intl. 1998;53:767–72.

9. Ojo AO, Hanson JA, Wolfe RA, Leichtman AB, Agodoa LY, Port
FK. Long-term survival in renal transplant recipients with graft
function. Kidney Int. 2000;57:307–13.

10. Hart A, Weir MR, Kasiske BL. Cardiovascular risk assessment in
kidney transplantation. Kidney Int. 2015;87:527–34.

11. Boden WE, O’Rourke RA, Teo KK, Hartigan PM, Maron DJ,
Kostuk WJ, et al. Optimal medical therapy with or without PCI
for stable coronary disease. N Engl J Med. 2007;356:1503–16.

Table 1 Intraoperative kidney transplant recipient phases

Considerations

Premedications • Beta-blockade
• Glucose monitoring with insulin therapy
• H2 blocker or PPI
• Antibiotic prophylaxis
• DVT prophylaxis
• Metoclopramide for gastroparesis
• Acetaminophen and ondansetron for PONV

Intraoperative
monitoring

• Pulse oximetry with capnography
• ECG leads
• Noninvasive blood pressure monitoring
• Peripheral venous access (14- or 16-gauge IV)
• Peripheral nerve monitoring
• Consider invasive CVP and/or blood pressure

monitoring or TEE if indicated

Anesthetic agents • GA or EA, can consider TIVA
• Propofol, fentanyl, lidocaine
• Cisatracurium, rocuronium, succinylcholine

(if K+ <5.0)
• Isoflurane for maintenance

Fluid management • Slightly hypervolemic, 2.5–3.5 L
• CVP 8–15
• Balanced crystalloid solution
• Mannitol, furosemide at unclamp
• Albumin may be given, prbcs if indicated

Hemodynamic
management

• MAPs 70–90 mmHg
• Minimize vasopressor support
• Dopamine for inotropic support not for renal

blood flow perfusion

Emergence • Neostigmine
• Extubation

Curr Transpl Rep (2017) 4:75–81 79



12. McFalls EO, Ward HB, Moritz TE, Goldman S, Krupski WC,
Littooy F, et al. Coronary-artery revascularization before elective
major vascular surgery. N Engl J Med. 2004;351:2795–804.

13. Rabbat CG, Treleaven DJ, Russell JD, Ludwin D, Cook DJ.
Prognostic value of myocardial perfusion studies in patients with
end-stage renaldiseaseassessedforkidneyorkidney-pancreas trans-
plantation: a meta-analysis. J Am SocNephrol. 2003;14:431–9.

14. Gill JS, Ma I, Landsberg D, Johnson N, Levin A. Cardiovascular
events and investigation in patients who are awaiting cadaveric
kidney transplantation. J Am Soc Nephrol. 2005;16:808–16.

15. De Lima JJ, Sabbaga E, Vieira ML, de Paula FJ, Ianhez LE, Krieger
EM, et al. Coronary angiography is the best predictor of events in
renal transplant candidates compared with noninvasive testing.
Hypertension. 2003;42:263–8.

16. Manske CL, Wang W, Rector T, Wilson RF, White CW. Coronary
revascularisation in insulin-dependent diabetic patients with chron-
ic renal failure. Lancet. 1992;340:998–1002.

17. Hennessy TG, Codd MB, Kane G, McCarthy C, McCann HA,
Sugrue DD. Evaluation of patients with diabetes mellitus for coro-
nary artery disease using dobutamine stress echocardiography.
Coron Artery Dis. 1997;8:171–4.

18. Herzog CA, Marwick TH, Pheley AM, White CW, Rao VK, Dick
CD. Dobutamine stress echocardiography for the detection of sig-
nificant coronary artery disease in renal transplant candidates. Am J
Kidney Dis. 1999;33:1080–90.

19. Humar A, Kerr SR, Ramcharan T, Gillingham KJ, Matas AJ. Peri-
operative cardiac morbidity in kidney transplant recipients: inci-
dence and risk factors. Clin Transpl. 2001;15:154–8.

20. Lemmens HJ. Kidney transplantation: recent developments and
recommendations for anesthetic management. Anesthesiol Clin
North Am. 2004;22:651–62.

21. Fleisher LA, Fleischmann KE, Auerbach AD, Barnason SA, Beck
JA, Bozkurt B, et al. 2014 ACC/AHA guideline on perioperative
cardiovascular evaluation and management of patients undergoing
noncardiac surgery: executive summary: a report of the American
College of Cardiology/American Heart Association task force on
practice guidelines. Circulation. 2014;64:e77–137.

22. Ricaurte L, Vargas J, Lozan E, Diaz L. Anesthesia and kidney
transplantation. Transplant Proc. 2013;45:1386–91.

23. Kwon S, Thompson R, Dellinger P, Yanez D, Farrohki E, Flum D.
Importance of perioperative glycemic control in general surgery: a
report from the surgical care and outcomes assessment program.
Ann Surg. 2013;257:8–14.

24. Buvanendran A, Kroin JS. Multimodal analgesia for controlling
acute postoperative pain. Curr Opin Anesthesiology. 2009;22:
588–93.

25. Clinical practice guidelines for antimicrobial prophylaxis in sur-
gery. Am J Health-Syst Pharm 2013: 70: 195–283

26. Heylen L, Naesens M, Jochmans I, Monbaliu D, Lerut E, Claes K,
et al. The effect of anastomosis time on outcome in recipients of
kidneys donated after brain death: a cohort study. Am J
Transplantation. 2015;15:2900–7.

27. American Society of Anesthesiologists. Standards for basic anes-
thetic monitoring. www.asahq.org/Search.aspx?q=standards+
basic+anesthetic+monitoring. Accessed December 21, 2016.

28. Spiro M, Eilers H. Intraoperative care of the transplant patient.
Anesthesiology Clin. 2013;31:705–21.

29. Lemmens HJ. Anesthesia for renal transplantation. https://www.
uptodate.com/contents/anesthesia-for-renal-transplantation.
Accessed December 21, 2016.

30. Murakami M, Nomiyama S, Ozawa A, Matano H, Tanabe Y,
Watanabe S. Anesthetic management of pediatric renal transplan-
tation for chronic renal failure. Masui. 1993;42:263–70.

31. Ikeda K, Maoka H, Yoshimatsu N, Sugi M, Tokutsu K, Isshiki A.
Hemodynamic changes secondary to overload infusion during ca-
daveric renal transplantation comparison between nitrous oxide-

isoflurane anesthesia and continuous epidural anesthesia. Masui.
1993;42:835–9.

32. Akpek E, Kayhan Z, Kaya H, Candan S, Haberal M Epidural an-
esthesia for renal transplantation: a preliminary report. Transplant
Proc. 1999;31:3149-50.

33. Hadimioglu N, Ertug Z, Bigat Z, Yilmaz M, Yegin A. A random-
ized study comparing combined spinal epidural or general anesthe-
sia for renal transplant surgery. Transplant Proc. 2005;37:2020–2.

34. Kirvela M, Olkkola KT, Rosenberg PH, Yli-Hankala A, Salmela K,
Lindgren L. Pharmacokinetics of propofol and haemodynamic
changes during induction of anaesthesia in uraemic patients. Br J
Anaesth. 1992;68:178–82.

35. Ma H, Zhuang X. Selection of neuromuscular blocking agents in
patients undergoing renal transplantation under general anesthesia.
Chin Med J. 2002;115:1692–6.

36. Dawidson I, Ar’Rajab A, Dickerman R, Husberg B, Klintmalm G,
Lu C, et al. Perioperative albumin and verapamil improve early
outcome after cadaver renal transplantation. Transplant Proc.
1994;26:3100–1.

37. Wilms CD, Daawidson IJ, Dickerman R, Drake D, Sandor ZF,
TrevinoG. Intraoperative blood volume expansion induced primary
function after renal transplantation: a study of 96 paired cadaver
kidneys. Transplant Proc. 1991;223:1338–9.

38. Luciani J, Frantz P, Thibault P, Ghesquierre F, Conseiller C,
Cousin MT, et al. Early anuria prevention in human kidney
transplantation. Advanatage of fluid load under pulmonary arterial
pressure monitoring duinr surgical period. Transplantation.
1979;28:308–212.

39.• Carlier M, Squifflet JP, Pirson Y, Girbomont B, Alexandre GP.
Maximal hydration during anesthesia increased pulmonary arterial
pressures and improves early function in human renal transplants.
Transplantation. 1982;34:201–4. Landmark study using PAPs to
assess the outcomes of aggressive volume loading in renal trans-
plant recipients which showed significant reductions in ATN
with increased pressures.

40. Othman MM, Ismael AZ, Hammouda GE. The impact of timing of
maximal crystalloid hydration on early graft function during kidney
transplantation. Anesth Analg. 2010;110:1440–6.

41.• De Gasperi A, Narcisi S, Mazza E, Bettinelli L, Pavani M, Perrone
L, et al. Perioperative fluid management in kidney transplantation:
is volume overload still mandatory for graft function? Transplant
Proc. 2006;38:807–9. Evaluated more conservative volume re-
pletion with a CVP goal of 7–9 mmHg with similar outcomes to
supranormal levels of hydration.

42. O’Malley CM, Frumento RJ, Bennett-Guerrero E. Intravenous fluid
therapy in renal transplant recipients: results of a US survey.
Transplant Proc. 2012;34:3142–5.

43. O’Malley CM, Frumento RJ, Hardy MA, Benvenisty AI, Brentjens
TE, Mercer JS, et al. A randomized, double-blind comparison of
lactated Ringer’s solution and 0.9% NaCl during renal transplanta-
tion. Anesth Analg. 2005;100:1518–24.

44. Potura E, Lindner G, Biesenback P, Funk GC, Reiterer C, Kabon B,
et al. An acetate-buffered balanced crystalloid versus 0.9% saline in
patients with end-stage renal disease undergoing cadaveric renal
transplantation: a prospective randomized controlled trial. Anesth
Analg. 2015;120:123–9.

45.• Hadimioglu N, Saadawy I, Saglam T, Ertug Z, Dinckan A. The
effect of different crystalloid solutions on acid-base balance and
early kidney function after kidney transplantation. Anesth Analg.
2008;107:264–9. Best metabolic parameters are obtained post-
renal transplantation using Plasmalyte vs. normal saline or lac-
tated Ringer’s solution.

46. Dawidson IJ, Sandor ZF, Coorpender L, Palmer B, Peters P, Lu C,
et al. Intraoperative albumin administration affects the outcomes of
cadaver renal transplantation. Transplantation. 1992;53:774–82.

80 Curr Transpl Rep (2017) 4:75–81

www.asahq.org/Search.aspx?q=standards+basic+anesthetic+monitoring
www.asahq.org/Search.aspx?q=standards+basic+anesthetic+monitoring
https://www.uptodate.com/contents/anesthesia-for-renal-transplantation
https://www.uptodate.com/contents/anesthesia-for-renal-transplantation


47. Finfer S, Bellomo R, Boyce N, French J, Myburgh J, Norton R. A
comparison of albumin and saline for fluid resuscitation in the in-
tensive care unit. N Engl J Med. 2004;350:2247–56.

48. Wilkes MM, Navickis RJ. Patient survival after human albumin
administration. A meta-analysis of randomized, controlled trials.
Ann Intern Med. 2001;135:149–64.

49. Opperer M, Poeran J, Rasul R, Mazudmar M, Memtsoudis SG.
Use of perioperative hydroxyethyl starch 6% and albumin 5%
in elective joint arthroplasty and association with adverse out-
comes: a retrospective population based analysis. BMJ.
2015;350:h1567–74.

50. Hebert PC, Wells G, Blajchman MA, Marshall J, Martin C,
Paglierro G, et al. A multicenter, randomized, controlled clinical
trial of transfusion requirement in critical care. N Engl J Med.
1999;340:409–17.

51. Corwin HL, Gettinger A, Pearl RG, Fink MP, Levy MM, Abraham
E, et al. The CRIT study: anemia and blood transfusion in the
critically ill—current clinic practice in the United States. Crit Care
Med. 2004;32:39–52.

52. Tiggeler RG, Berden JH, Hoitsma AJ, Koene RA. Prevention of
acute tubular necrosis in cadaveric kidney transplantation by the
combine use of mannitol and moderate hydration. Ann Surg.
1985;20:246–51.

53. Hanif F, Macrae AN, Littlejohn MG, Clancy MJ, Murio E.
Outcomes of renal transplantation with and without intra-
operative diuretics. Int J Surg. 2011;9:460–3.

54. Gabriels G, August C, Grisk O, Steinmetz M, Kosch M, Rahn KH,
et al. Impact of renal transplantation on small vessel reactivity.
Transplantation. 2003;75:698–7.

55.• Ciapetti M, di Valvasone S, di Filippo A, Cecchi A, Bonizzoli M,
Peris A. Low-dose dopamine in kidney transplantation.
Transplantation Proc. 2009;41:4165–8. Study that showed renally
dosed dopamine for renal blood flow effects was associated with
worse outcomes including 6-month mortality.

56. Bulka CM, Terkhov MA, Martin BJ, Dmochowski RR, Hayes RB,
Ehrenfeld JM. Nondepolarizing neuromuscular blocking agents,
reversal and risk of postoperative pneumonia. Anesthesiology.
2016;125:647–55.

57. Nagar VR, Birthi P. Chronic opioid management for chronic kidney
disease. J Pain Palliat Care Pharmac. 2015;29:45–50.

58. Mohammadi S, Dabir A, Shoeibi G. Efficacy of transversus
abdominis plane block for acute postoperative pain relief in kidney
recipients: a double-blinded clinical trial. PainMed.2014;15:460–4.

59. Kuruba G, Mukhtar K, Singh SK. A randomised controlled trial of
ultrasound-guided transversus abdominis plane block for renal
transplantation. Anaesthesia. 2014;69:1222–6.

Curr Transpl Rep (2017) 4:75–81 81


	Intraoperative Management of the Kidney Transplant Recipient
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Preoperative Evaluation and Premedications
	Intraoperative Positioning, Procedure, and Monitoring
	Anesthetic Agents of Choice
	Fluid Management
	Hemodynamic Management
	Emergence and Postoperative Considerations
	Conclusions
	References
	Papers of particular interest, published recently, have been highlighted as: • Of importance



