
Learning objectives

After reading this article, you should be able:

C outline the preoperative issues surrounding renal

transplantation

C describe how to undertake a renal transplant

C outline the management of the postoperative renal recipient
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Abstract
This article describes the assessment of the patient for renal trans-
plantation, the perioperative management and the aims in the post-
operative period. These patients present a unique set of challenges
to the anaesthetist, who has a crucial role in the immediate success
of the transplanted organ.
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Introduction

The past decade has seen significant advances in surgical tech-

niques, immunosuppression and medical management of trans-

plant recipients that have led to transplantation becoming firmly

established as the preferred treatment of end-stage renal disease

(ESRD). Patient survival and quality of life have improved and

transplantation is economically beneficial for health systems.

The total number of kidney transplants performed in the UK has

increased year-on-year to 3347 in 2016e17,1 an increase of 2%

from the previous year. Concurrently, the number of patients

registered on the transplant list awaiting a kidney in March 2017

fell by 2%, to 5233, continuing the downwards trend of the last 8

years.1

Recent increases in transplant numbers have been attributed

to the contribution from non-heart beating donors, increased

acceptance of comorbidities of donors and recipients, and the

paired living kidney donation programme. Pooled donation,

when more than two donor pairs are involved, has facilitated

increasing use of multi-way swaps to allow better HLA or age

matching.2 These chains can be quite large (the largest being 70

pairs!). Altruistic living kidney donations have also contributed.1
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Advances in immunosuppressive treatments have facilitated the

successful transplant of unmatched kidneys, which would not

previously have been possible. Increased awareness of staff (e.g.

in intensive care units) has resulted in a rising referral rate of

potential organ donors, increased involvement of a specialist

nurse in organ donation and increasing consent rates.1 (See also

Organ donation and management of the potential organ donor on

pages 527e533 of this issue.)

Approximately 30% of transplanted kidneys in the UK are

from live donors, a number which fell slightly in 2016e17.1

Despite advances, approximately 21% of kidney recipients suf-

fer postoperative delayed graft function requiring renal replace-

ment therapy.3 This could reflect increased utilization of kidneys

from deceased donors, while a direct correlation with cold

ischaemic time has been demonstrated.4 Optimized peri-

operative management can impact on the immediate function

of the graft and is therefore important that anaesthetists have a

good understanding of the particular challenges of transplant

surgery and renal patients.

Indications

The UK Renal Association recommends that patients should be

placed on the transplant list within six months of their antici-

pated dialysis start date as pre-emptive transplantation improves

graft function and reduces mortality compared to transplanting

patients already established on dialysis. The 5-year survival rates

for patients who received a renal transplant prior to commencing

renal replacement therapy are as high as 96%. In contrast, the 5-

year survival for patients who do not receive a kidney and

remain on haemodialysis or peritoneal dialysis are 46% and

66%, respectively.5

A variety of clinical conditions can result in ESRD, including

diabetes, hypertension, glomerulonephritis and polycystic kidney

disease. All patients with ESRD should be considered for renal

transplantation. When patients have been appropriately selected,

this offers the best long-term survival of treatment options

available, with a death rate of 2.5 per 100 patient years.5 Most

renal dialysis patients are suitable for renal transplantation and

the absolute contraindications are few, listed in Box 1.6
Absolute contraindications to renal transplantation

C Predicted patient survival of less than 2 years

C Active systemic infection

C Uncontrolled malignancy

Box 1
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Multidisciplinary assessment

Prior to being put on the transplant waiting list, a patient should

undergo a comprehensive multidisciplinary assessment by

transplant nephrologists, surgeons, nurse specialists and anaes-

thetists. Patients should then be reviewed on an annual basis for

continued suitability. As many kidney transplants occur out of

hours, with different individuals on call from those who were

part of the original decision to ‘activate a patient’, any conten-

tious decisions need to be further discussed at departmental

level.

Cardiovascular disease is commonly associated with chronic

kidney disease, affecting over 50% of patients with ESRD7 and

has the biggest impact on postoperative mortality in this group.

Other comorbidities associated with chronic renal disease

include diabetes mellitus and hypertension. Uraemia can have

multi-system effects including hypertension, cardiac failure,

pericarditis, pulmonary oedema, delayed gastric emptying, pe-

ripheral and autonomic neuropathy, anaemia, coagulopathy and

immunocompromise. Other conditions associated with advanced

renal disease include hyperparathyroidism, hypercalcaemia,

hyperphosphataemia and dyslipidaemia.

Patients should be thoroughly assessed for associated co-

morbidities. It is important to focus on cardiovascular risk,

assessing coronary artery disease and cardiac function. Echo-

cardiogram, exercise tolerance test and coronary angiography

may be requested as required.

Matching

All patients will undergo immunological investigations such as

ABO blood group determination, tissue matching and cross-

matching. Tissue matching relates to six specific antigens,

called major histocompatibility complexes, of which a six-

antigen match represents the best compatibility, with the

lowest risk of rejection. Crossmatching is a very sensitive test

that predicts how a transplant recipient may respond to donor

protein. If the crossmatch is positive, the recipient has responded

to the donor and there is an increased risk of rejection. However,

modern immunosuppression has improved to such an extent that

even low tissue matches and positive crossmatch transplants are

possible. Equivalent outcomes have now been demonstrated in

living donors with complete mismatch, to those from deceased

donors with zero mismatch.8 (See Immunology of trans-

plantation on pages 579e582 of this issue.)

Allocation of kidneys is based both on matching to recipients

and waiting time on the list. The function of the graft is depen-

dent on graft perfusion following transplantation, the state of the

kidney pre-donation, the warm ischaemic time (harvest and

transplant time) and cold ischaemic time (storage).8

Preoperative assessment

When a donor kidney becomes available, the aim is to limit the

cold ischaemic time as much as possible. This time begins when

the kidney is cooled during harvesting and ends at the point

when core temperature is reached and perfusion is restored after

implantation. There is strong evidence that the earlier the kidney

is transplanted, the better the outcome both in terms of delayed

graft function and long term graft survival.8
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The potential recipient is contacted for urgent review by the

nephrologist, transplant surgeon and anaesthetist. The time

available for preoperative investigations is often limited, hence

the importance of a thorough work-up in advance. These patients

may have had multiple general anaesthetics in the past and much

useful information can be found in previous anaesthetic charts.

Preoperative assessment should include focus on any renal

replacement therapy that the patient undergoes. This should

include when the patient was last dialysed, mode of dialysis and

the dry weight of the patient, to allow an estimation of the pre-

operative fluid status (which can range from severe hypo-

volaemia to hypervolaemia). Comorbidities including end-organ

damage and cardiovascular risk should be thoroughly re-

assessed as significant time may have lapsed since the initial

work-up investigations.

Anti-hypertensive medication (apart from beta-blockers) is

frequently withheld on the day of surgery to facilitate ‘permissive

hypertension’, which improves allograft perfusion. The unpre-

dictable nature of organ availability frequently means that pa-

tients arrive having taken their medication for that day, including

angiotensin-converting-enzyme inhibitors and angiotensin-re-

ceptor blockers. It is important to know if these drugs have been

taken and that the anaesthetist is prepared for refractory hypo-

tension that may follow induction. Presence of any arterio-

venous fistulas or dialysis lines should be noted along with a

history of venous access.

Preoperative investigations should include urea and electro-

lytes (in particular, potassium and bicarbonate), full blood count,

coagulation screen and an ECG on the day of surgery. There is

currently no evidence to support the routine use of haemodial-

ysis immediately prior to surgery. If the patient is diabetic, serum

glucose should be checked and a variable rate insulin infusion

commenced as intraoperative hyperglycaemia is associated with

delayed graft function.9

Pre-medication

Pre-medication is not commonly required, but an anxiolytic such

as temazepam orally (10e20 mg) may safely be given where

necessary. Delayed gastric emptying and reflux are a common

result of diabetes and autonomic neuropathy, and an H2 receptor

antagonist, metoclopramide or sodium citrate, may be given

orally.

Immunosuppression to prevent graft rejection is commenced

in the preoperative period and the regimen will vary between

centres. Currently in our centre, either basiliximab or anti-

thymocyte globulin (ATG) are given perioperatively depending

on recipient pre-sensitization through previous transplant or

transfusion. Basiliximab (Simulect�) is a monoclonal antibody

directed at the IL-2 receptor of T cells, which is given as a slow

intravenous bolus to unsensitised patients, usually at induction,

prior to transplant surgery, and repeated after 4 days. ATG is an

infusion of rabbit-derived antibodies directed against human T

cells, given to sensitized patients. Importantly, this should not be

given as a bolus and should run over a minimum of 6 hours for

the initial dose to reduce the risk of cytokine release syndrome.

In addition, a methylprednisolone bolus is administered intra-

operatively. Typical immunosuppressive regimens will also

consist of a calcineurin inhibitor (e.g. tacrolimus) and/or an
� 2018 Published by Elsevier Ltd.
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antiproliferative agent (e.g. mycophenolate) continued post-

operatively.10

Perioperative anaesthetic management
Monitoring and access

Routine monitoring including oxygen saturations, ECG (ideally

with ST segment analysis), non-invasive blood pressure (NIBP)

and capnography are mandatory as per AAGBI guidelines. Train-

of-four monitoring should be applied and monitored throughout.

The routine use of an arterial line is no longer considered

essential and should be avoided unless indicated for patient co-

morbidities as it poses a threat to future fistula sites. IV access

and the NIBP cuff should be sited on the opposite arm to any

existing fistula. If it is necessary to place the NIBP cuff on the leg

because of fistula sites, it advisable to place it on the side

opposite to where the allograft will be sited as the iliac vessels on

this side will be clamped for a proportion of the procedure. Core

temperature should also be monitored using an oesophageal

temperature probe. A urinary catheter should be placed and

urine output monitored following reperfusion of the graft.

Measurement of the central venous pressure (CVP) remains

standard practice, to guide optimization of intravascular volume

and kidney perfusion pressure; improved delayed graft function

has been demonstrated with CVP targeted fluid administration.11

If the patient does not have an arteriovenous (A-V) fistula or an

A-V graft, central access should be in the form of a dialysis line,

as transplanted kidney function may be delayed, necessitating

postoperative dialysis. Patients frequently have distorted anat-

omy or thrombosed vessels because of previous lines as well as

being hypovolaemic following dialysis. If the line is placed on the

same side as an A-V fistula, the CVP may be abnormally high and

the waveform atypical. Cardiac output monitoring with oeso-

phageal doppler may help to build a picture of cardiovascular

status but there is a paucity of evidence of benefit in this group of

patients.

Intravenous access is frequently challenging in this population

and one small (20G) peripheral cannula is sufficient for most

patients on induction on anaesthesia. Although not ideal, poor

venous access means that it may be necessary to use an existing

dialysis line for induction of anaesthesia after aspirating and

discarding the heparin ‘lock’.
Induction and maintenance of anaesthesia

Propofol with alfentanil or fentanyl are routine induction agents

employed. Remifentanil is also suited to renal failure and may be

used for induction and maintenance (either with an inhalational

agent, or with propofol if TIVA is chosen technique). The airway

should be secured with an endotracheal tube and a rapid

sequence induction (RSI), or modified RSI, may be indicated if

reflux and aspiration are a significant concern. Suxamethonium

may safely be used if the serum potassium is less than 5 mmol/L.

Rocuronium has safely been used in renal failure for a number

of years, facilitated by the availability of sugammadex. Sugam-

madex is not licensed in patients with severe renal impairment

(CrCl< 30 ml/min) but appears to provide complete and effective

reversal of rocuronium blockade. In such cases, although re-

covery of blockade is modestly longer than in patients with

normal renal function, there appears to be no residual blockade
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or recurrence.12 The rocuroniumesugammadex complex is

renally excreted; although large-scale studies are awaited on its

safety in patients with ESRD, initial evidence and studies support

its use in this context.12 Atracurium undergoes spontaneous

Hoffman elimination (and ester hydrolysis) and consequently, is

the non-depolarizing muscle relaxant traditionally used in pa-

tients with renal failure.

Full paralysis is essential. A nerve stimulator should be used

to ensure this throughout the entire procedure as there have been

cases locally and nationally when removal of retractors toward

the end of the case has led to coughing and straining with sub-

sequent damage to the vascular anastomosis with risk of major

haemorrhage and prolonged ischaemic time for the newly

transplanted kidney.
Positioning

The patient is placed supine with care taken to protect any A-V

fistula sites by padding. Warming devices such as forced air

warming blankets and fluid warmers are suggested. Mechanical

thromboprophylaxis is recommended and graduated TED

compression stockings or pneumatic compression devices should

be utilised.
Fluid management

Appropriate fluid management influences post-transplant renal

function and attention to detail is required. Graft function is

directly related to graft perfusion and the general aims, therefore,

are to keep the patient warm and well perfused with an adequate

mean arterial pressure (ideally within 20% of baseline) and with

an optimal intravascular volume. However, overzealous fluid

loading can put a strain on the myocardium, particularly if the

patient has impaired left ventricular function.

Typically, patients will receive w40 ml/kg of crystalloid intra-

operatively. Blood loss is usually minimal and packed red cells are

rarely required. As renal patients are often anaemic due to

reduced erythropoietin production, a transfusion trigger of 7 g/dL

is recommended. Blood transfusion may cause autoimmune

activation and early graft rejection. A 0.9% sodium chloride so-

lution is traditionally used within the renal unit postoperatively

and remains the crystalloid of choice. However, it has been

shown to increase acidosis and potentially blood Kþ levels.13,14

Balanced salt solutions have been safely used in patients with

chronic renal impairment with a slight increase in lactate which

rapidly returns to normal and no change in blood Kþ levels.13

A target CVP of 10e15 mmHg and normotension should be

the intraoperative goals. Concerns that vasopressors may nega-

tively impact on allograft function must be balanced against the

requirement to avoid hypotensive episodes which will result in

hypoperfusion. If a vasopressor is required to maintain BP

around preoperative values, and balance the vasodilatation

induced by anaesthesia, it is preferable to maintain stable

perfusion pressures with an infusion (for example metaraminol),

rather than fluctuations associated with repeat boluses.
Analgesia

The mainstay of intraoperative analgesia is fentanyl boluses

titrated to effect (usually up to about 500 mcg) and paracetamol.

The pharmacokinetics of short-acting opioids are not affected by

reduced renal function and they do not produce active
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metabolites. In contrast, morphine produces the active metabo-

lite morphine-6-glucuronide, which can have a prolonged dura-

tion of action in patients with impaired renal function. Non-

steroidal anti-inflammatory drugs (NSAIDs) should be avoided.

Many anaesthetists use transverse abdominal plane (TAP) blocks

or catheters to supplement analgesia. Alternatively, the surgeons

may infiltrate local anaesthetics during closing. Epidurals are

rarely required and not favoured as dialysis requires heparin-

ization. In addition, uraemia can cause coagulopathy, and hy-

potension from central neuraxial blockade can reduce graft

perfusion, compromising graft survival. Anti-emetics such as

ondansetron should be considered.
C Aim to limit cold ischaemic C Monitoring as per AAGBI
Additional drugs

time

C Important considerations

◦ Associated comorbidities

◦ Cardiovascular risk

◦ Fluid status

C IV access history (including

AV fistulas, dialysis lines,

previously stenosed or

thrombosed vessels)

guidelines

C Arterial line not essential

unless indicated by co-

morbidities

C NIBP on opposite side to AV

fistula

C 20G IV access is sufficient

C Central venous access

(dialysis line if no previous

fistula)

C Oesophageal temperature

probe and urinary catheter

Anaesthesia Analgesia

C Induction: propofol with

alfentanil or fentanyl

C RSI may be indicate if

delayed gastric emptying is

a concern

C Maintenance: volatile or

TIVA

C Muscle relaxant:

◦ Atracurium

◦ Suxamethonium provided

Kþ < 5 mmol/L or high

dose rocuronium as part

C IV paracetamol

C Fentanyl boluses titrated to

effect (usually 200d300

mcg)

C TAP blocks or local infiltra-

tion by surgeons

C Fentanyl PCA

postoperatively
Antibiotics (we use co-amoxiclav) should be administered prior

to incision as well as further immunosuppression immediately

prior to reperfusion (usually methylprednisolone 1 g which can

be given as an infusion over 20 minutes) to prevent hyperacute

rejection. The exact regime will vary in different units. Occa-

sionally the use of mannitol or furosemide is requested by the

transplant surgeon intraoperatively to try to improve graft func-

tion but the evidence to support their use is not strong. The

routine use of dopamine has been abandoned.

Operative management

The renal allograft is typically sited in the right iliac fossa, below

the native kidney which remains in situ. An incision is made

between the symphysis pubis and the anterior superior iliac

spine, the abdominal muscles divided and the bladder and iliac

blood vessels exposed. The renal vein is then anastomosed to the

external iliac vein and the renal artery to the external iliac artery.

This warm ischaemic time should be minimized and the vascular

clamps removed as soon as the anastomoses have been per-

formed to allow re-perfusion. Next, the ureter is anastomosed

directly onto the bladder, which is distended with 0.9% saline.

After the ureter is anastomosed to the bladder, the urine output

should be monitored although delayed kidney function is rela-

tively common, particularly in kidneys transplanted from non-

heart beating donors.

of RSI

◦ Sugammadex(not licensed
Emergence

in severe renal impairment

but appears safe and to

provide complete reversal

of blockade

Targets Fluid management

C Warm and well

perfused

C Adequate MAP (ideally

within 20% of baseline)

C Euvolaemia

C CVP 10e15 mmHg

C Important factor in post-

transplant renal function

C Typically require w40 ml/kg

crystalloid (0.9% NaCl)

C Colloid and blood rarely

required

C Caution re overzealous

filling which can strain the

myocardium

Box 2
Full muscle relaxation is required until the very end of the

operative period to facilitate closing and to prevent coughing as

the retractor is removed. The surgeon will view the transplanted

kidney and its blood supply with Doppler ultrasound at the end

of the procedure. It is important to ensure the patient has

regained full muscle strength to prevent post-extubation respi-

ratory failure.

Postoperative management

The postoperative aims are to extubate a warm, well-perfused

patient and then discharge them from recovery to a high-

dependency area, often within a renal unit. Postoperative anal-

gesia is typically regular paracetamol and fentanyl patient-

controlled analgesia. Step-down analgesia is typically regular

tramadol or oxycodone (immediate release).

Fluid regimes are generally 0.9% sodium chloride and based

on the previous hour’s urine volume plus 50 ml/hr with
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additional boluses if there is a decrease in CVP. Hypovolaemia

should be avoided as this will threaten graft function. Electro-

lytes should be closely monitored, particularly if furosemide or

mannitol have been used intraoperatively.

The transplant surgeon often performs a repeat Doppler ultra-

sound scan of the grafts blood supply again in recovery. This

should be repeated if the patient is oliguric at any time post-
� 2018 Published by Elsevier Ltd.
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operatively as a sudden decrease in urine output can indicate a

problemwith the anastomosis which requires surgical exploration.

Summary

Patients undergoing renal transplantation present a unique series

of challenges to the anaesthetist. An understanding of the pre-

operative, perioperative and postoperative management of these

patients is essential to improve the outcomes and maintain a low

mortality. The anaesthetist has a crucial role in the perioperative

period to improve the chances of a successful graft.

Box 2 is a copy of the instructions placed in the anaesthetic

room at the Queen Elizabeth University Hospital, Glasgow to

assist those undertaking a renal transplant. A
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