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Clinical Reports

Anaesthesia for renal
transplantation in
sickle cell disease

Henry K. Gyasi MB ChB FFARCSI,

A. W. Zarroug MB ChB FFARCSI,

M. Matthew mB BS DA MD, R. Joshi MB Bs DA MD,
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Sickle cell disease (SCD) is associated with many pathological
and functional abnormalities affecting all organ systems. Renal
manifestations of SCD may result in end-stage renal disease
(ESRD), which can be treated by chronic haemodialysis or renal
transplantation. Renal transplantation was successfully per-
formed in a 25-yr-old male with sickle cell beta-thalassaemia
and nephrotic syndrome. We present a case report of this
patient, a discussion of the renal complications associated with
SCD and the perioperative management of a patient with SCD
undergoing renal transplantation.

L’ anémie falciforme peut entrainer une myriade d’ anomalies
Jonctionnelles et pathologiques impliquant tous les systémes
avec entre autres, de I'insuffisance rénale chronique sévére.
Nous vous présentons un cas de transplantation rénale réussie
chez un homme de 25 ans atteint d' un syndrome néphrotique
avec une hémoglobinopathie de type SB-thal. Nous discutons de
I'impact de I'anémie falciforme sur la fonction rénale et des
considérations péri-opératoires propres a4 la transplamaﬁ'on
rénale chez ce type de patient.

Sickle cell disease (SCD) is a haematological disorder of
the human red blood cell, caused by the inheritance of the
sickling gene alone or in combination with another
abnormal haemoglobin gene. The commonest genotypes
are homozygous sickle cell disease (SS), sickle cell
haemoglobin C disease (SC) and sickle cell beta-
thalassaemia (SBthal). The disease is found most com-
monly in people of black African origin but it also occurs

Key words

ANAESTHESIA: transplantation;
BLOOD: anaemia, sickle cell disease;
KIDNEY: failure, transplantation.

From the Royal Hospital, Muscat, Sultanate of Oman.
Address correspondence to: Dr. K. Gyasi, Department of
Anaesthesia, The Royal Hospital, P.O. Box 2331, Seeb Muscat,

Sultanate of Oman.

CAN J ANAESTH 1990/ 37: 7 / pp 778-85

in other pigmented races. It is common in tropical Africa,
the Caribbean, USA and to a less extent, in the Middle
East, Greece, Turkey and India.

The molecular abnormality of sickle haemoglobin is an
amino acid substitution (valine for glutamic acid) in the
beta chain of the haemoglobin molecule. Under condi-
tions of reduced oxygen tension, sickle haemoglobin
undergoes gelation, causing a reduced deformability of
the erythrocyte which assumes the elongated “sickled”
shape. In the microcirculation, this leads to stasis,
increased blood viscosity, thrombo-embolic phenomena
and haemolysis. Sickling-induced stasis may lead to
occlusion of the microcirculation, local hypoxia and
further sickling.

The clinical course of SCD tends to be most severe in
the SS genotype but there is a wide spectrum of
presentation and the clinical course of sickle cell haemo-
globin C disease and sickle cell beta-thalassaemia may be
indistinguishable from homozygous sickle cell disease.
Many complications of SCD have been reported and these
affect all organ systems in the body. For a review of the
aetiology, clinical features, complications and general
management of SCD, the reader is referred to Serjeant,'
Weatherall,2 and Abdalla.® The anaesthetic problems
associated with sickle cell states have been reviewed
recently by Esseltine et al.*

Renal manifestations of SCD include hyposthenuria,
polyuria, haematuria, proteinuria, glomerulonephritis,
pyelonephritis and the nephrotic syndrome.>~'? End-
stage renal disease (ESRD) is common in adult patients
with SCD and some of the complications of renal failure,
especially acidosis, cardiac failure, fluid and electrolyte
disorders, can encourage sickling. End-stage renal dis-
ease in patients with SCD may be due to other causes'?
unrelated to the sickling process, and in some cases a
definite diagnosis is not possible. Lrrespective of aetiolo-
gy, the clinical presentation and management of ESRD
remain the same; it may be treated by haemodialysis or
renal transplantation.

Following a survey by Chartterjee,'? renal transplanta-
tion was recommended for patients with SCD and ESRD.
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Anaesthesia for renal transplantation is complicated by
the effects of grossly abnormal renal function in a patient
undergoing major surgery and patients with SCD present
a greater anaesthetic risk'>*'® because of the effects of
chronic anaemia and vaso-occlusive crises in the peri-
operative period. However, there are no reports of the
anaesthetic management of patients with SCD undergoing
renal transplantation. We present a case of renal trans-
plantation in a patient with SCD and a discussion of the
problems of anaesthetic management.

Case report

The patient was a 25-yr-old Omani, a black male of East
African origin with sickle cell beta-thalassaemia diag-
nosed 14 yr earlier. He had been admitted to hospital
about ten times within this period for management of
crises. He presented at this hospital with a history of
progressive generalised swelling, loss of appetite, full-
ness in the abdomen, low back pain and non-productive
cough. Two younger siblings had sickle cell disease and
three had sickle cell trait. He looked pale and had
generalised oedema. The BP was 130/90 mmHg, with
signs of high output cardiac failure. He had a haemic
murmur and a left pleural effusion. The abdomen was
distended and the liver was palpable just below the right
costal margin. The ECG showed sinus rhythm with left
ventricular hypertrophy.

Investigations showed hypoalbuminaemia, gross pro-
teinuria, no glycosuria, normal blood sugar and normal
liver function. The BUN was 8 mM L' and creatinine
271 mM-L-!. He had a microcytic, hypochromic anaemia
with a haemoglobin concentration of 4.5 g-dl~'. Renal
biopsy showed a mesangiocapillary glomerulonephritis.
There was no history of renal disease in the family. The
clinical features were consistent with the nephrotic
syndrome and treatment was started with blood, albumin
and diuretics. Later, dipyridamole, hydralazine and cap-
topril were added to control hypertension. However, his
renal condition continued to worsen. He was considered
unsuitable for chronic renal dialysis because of unfav-
ourable social conditions and about nine months after
presentation, arrangements were made for renal trans-
plantation. His 45-yr-old mother was found to be the most
suitable donor. She had a mild anaemia which had been
present all her life. Haematological investigations showed
no sickling but they were suggestive of beta-thalassaemia
trait.

Preoperatively, he weighed 44 kg and had marked
ascites. The heart was enlarged but the lung fields were
clear. He was anaemic, with a haemoglobin of 3.0 g-
dl~!. He was transfused with three units of packed cells
and one unit of whole blood over several days to raise his
haemoglobin concentration to 11.8 g-dl™'. Estimation

of HbS was not done because the necessary reagents were
not available. Biochemical investigations on the morning
of surgery were: sodium 136 mM-L~!, potassium 5.6
mM-L~', BUN 28.5mM- L™, creatinine 824 mM-L"',
total protein 57 g-L~! and albumin 29 g-L~'. He was
given pre-medication with 3 mg lorazepam orally one and
a half hours preoperatively. He also received preoperative
immunosuppression with azathioprine and cyclosporin
and antibiotics. He was not receiving any anti-hyper-
tensives at the time of surgery.

In the operating room, an intravenous infusion was
started with 0.9 per cent saline through a 14G cannula.
Electrocardiographic electrodes and a blood pressure cuff
were applied and baseline readings taken. Skin electrodes
were applied over the wrist for peripheral nerve stimula-
tion. Neuromuscular block was monitored by the observa-
tion of thumb adduction to supramaximal nerve stimula-
tion from a peripheral nerve stimulator (Bard) using
train-of-four (TOF) stimuli repeated every 12 sec. A
warming blanket with water pre-heated at 37° C was used
and all intravenous fluids and blood were warmed to 37° C.

After pre-oxygenation for three minutes, anaesthesia
was induced with fentanyl 100 g and thiopentone 100
mg intravenously and the trachea was intubated with a
cuffed tube following atracurium, 25 mg. Anaesthesia
was maintained with nitrous oxide 50 per cent in oxygen
and isoflurane 0.5-2 per cent. Additional doses of fentanyl
(total 400 pg) were given as required. Neuromuscular
block was maintained with an infusion of 0.1 per cent
atracurium in 0.9 per cent saline given by a syringe pump,
starting with a dose of 0.5 mg-kg~'-hr~! and adjusted to
maintain visibly, the first twitch of TOF stimulation. The
lungs were ventilated mechanically to maintain normo-
capnia. The right subclavian vein was cannulated with a
16G cannula for central venous pressure monitoring and a
20G cannula was inserted into the left radial artery for
monitoring of blood pressure and blood gases. The ECG,
BP, oxygen saturation and temperature were monitored
by a Hewlett-Packard 78354A monitor. Inspired O, and
end-tidal CO, were monitored by an Accucap (Data-
scope) monitor.

The donor kidney was transplanted by anastomosis of
the renal artery to the internal iliac artery, the renal vein to
the external iliac vein and the ureter to the bladder.
Dopamine 3 pg-kg™' min~! was started and continued
into the early postoperative period. The graft was well
perfused and urine was produced promptly following the
administration of mannitol 20 g and frusemide 40 mg.

The cardiovascular system was stable throughout sur-
gery. Nasopharyngeal temperature remained at 35° C.
Initial blood gas analysis showed severe metabolic acido-
sis with a pH of 7.14 and this was partially corrected to
7.30 with 150 mM of sodium bicarbonate. The total
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duration of surgery was approximately six hours. The
estimated blood loss was 1.4 L and 2 L of ascitic fluid was
aspirated from the abdomen. A total of 4 L crystalloids, 1
L colloids, and 1.5 L fresh blood were transfused.

On completion of surgery, nitrous oxide, isoflurane
and atracurium were discontinued. The total dose of
atracurium used was 125 mg. Residual neuromuscular
block was reversed with 1.2 mg of atropine and 2.5 mg of
neostigmine. Recovery was rapid and the trachea was
extubated after full return of neuromuscular function and
respiration was deemed to be adequate.

Cardiovascular and respiratory monitoring continued
into the postoperative period. Morphine was given intra-
venously for pain relief when required. He maintained a
massive diuresis with a rapid decrease of plasma creati-
nine level to normal within 48 hr. Immunosuppression
was continued with prednisolone, azathioprine and cyclo-
sporin. On the fourth postoperative day, he had three
convulsions lasting for a few seconds to two minutes and
he was treated with diazepam and magnesium because of
a low serum magnesium of 0.55 mM-L~! (normal
0.75-1.25 mM-L™").

He was discharged from the hospital on the tenth
postoperative day. Mild hypertension was treated with
nifedipine. Two months after surgery, he continued to
show progressive gain in weight without evidence of
oedema. In the fourth postoperative month, he was
readmitted with sickle cell pain crises which were treated
with analgesics, hydration and antibiotics. Following
that, he was admitted to hospital almost weekly with
painful crises. Two months later, two units of blood were
transfused because of a sudden decrease of haemoglobin
concentration to 5.8 g - dI~'. He has been free of pain since
then and nine months after transplantation he remains
healthy at home, on regular treatment with prednisolone,
cyclosporin, folic acid, chloroquine and benzathine peni-
cillin prophylaxis. The haemoglobin levels remain rela-
tively high (above 9 g-dl™') and renal function is
excellent with all biochemical indices within normal
limits.

Discussion
The pathological changes of SCD affect all organ systems
in the body and many renal abnormalities have been
described. Beginning from childhood>*® decline in renal
function occurs in severe SCD and renal impairment is
common in adults with SCD."” Sickle cell related renal
disease is commoner in adults and is an important cause of
death after the age of 20 years.'®

Renal manifestations of SCD are: inability to concen-
trate urine, polyuria, polydipsia, enuresis, nocturia,
proteinuria, haematuria, impaired potassium secretion,
impaired acidification of urine, pyelonephritis, glomeru-
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lonephritis and the nephrotic syndrome.>~!2-17-23 These
abnormalities may be due to the changes in renal structure
and function as a result of the haemodynamic effects of a
chronic anaemia and vaso-occlusion of the renal vessels,
especially within the medulla. Obliteration of the vasa
recta results in reduction of renal blood flow. The
combination of hypoxia, acidosis and hyperosmolarity in
the renal medulla leads to sickling, vaso-occlusion,
medullary and papillary necrosis. Morphologic changes
include renal fibrosis, atrophy, scarring of the medulla,
obliteration of the vasa recta, glomerular hypertrophy and
iron deposits in tubular epithelial cells. Other possible
causes of renal changes in SCD are infection, drugs,??
autoimmune nephritis?> and hyperperfusion of renal
cortical vessels. '° Sickle cell disease and ESRD frequent-
ly co-exist but sickle cell-induced renal disease may not
be distinguishable from renal disease due to other causes.

The nephrotic syndrome (oedema, albuminuria and
hypoalbuminaemia) may be caused by other factors'? but
the clinical presentation and histological findings of the
nephrotic syndrome caused by SCD’ may be indistin-
guishable from those of different aetiology. The nephrotic
syndrome may be considered as the extreme form of
glomerular dysfunction in SCD.” The prognosis of the
nephrotic syndrome in association with SCD is poor, with
a higher mortality rate compared with other patients with
SCD.*

Renal disease may have adverse effects on the clinical
course of SCD. Patients with SCD and ESRD have severe
anaemia and problems associated with multiple blood
transfusions, angina pectoris, cardiomegaly, hyperkalae-
mia and metabolic acidosis.?? Hyposthenuria leads to
dehydration which can promote further sickling.” When
on renal dialysis, these patients may have problems asso-
ciated with cardiovascular instability, infections*?> and
decreased ability to excrete potassium'®?° from the
remaining functioning nephrons.

Our patient presented with many of the clinical features
of SCD and ESRD. Some of these, chronic anaemia,
acidosis, fluid and electrolyte imbalance and cardiac
failure are common to the two disease entities.

The anaemia of SCD is caused by excessive haemolysis
and decreased red cell lifespan but hypochromic anaemia
has been described,? especially where there is added
malnutrition or excessive bleeding. The anaemia of
ESRD is probably caused by impaired erythropoiesis,
decreased red cell life span, increased haemolysis and
bleeding. The degree of anaemia in patients with SCD and
ESRD is more severe than that in other patients with renal
disease of comparable severity.??

Acidosis in SCD may be due to circulatory stasis and
impaired acidification of urine. The sickling process is
enhanced by acidosis and the routine correction of
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acidosis with alkali'®?% has been recommended but does
not seem to offer any long-term benefits. Excessive
alkalinisation may also decrease oxygen delivery to the
tissues as a result of the shift of the oxygen dissociation
curve to the left. Acidosis in renal disease is due to the
inability of the kidney to excrete the acid load of
metabolism; acidification of urine is regained with a
functioning graft.

Renal transplantation is considered the best long-term
treatment for patients with ESRD but’ relatively few
patients with SCD and ESRD have received transplants.
This may be due to the increased perioperative morbidity
and mortality in patients with SCD'5:'-26 and lack of
essential medical facilities in countries where SCD is
most prevalent.?” There is also the possibility that sickle
cell nephropathy may recur in a transplanted kidney.?®
The number of renal transplants in patients with SCD is
not known but following a survey in 1987 Chatterjee
recommended maintenance dialysis and renal transplanta-
tion for patients with SCD and ESRD.'*

However, there have been other reports of postopera-
tive complications following renal transplantation in
patients with SCD. Barber ez al.?° found that allograft
survival for patients with SCD was less than half the rate
for black recipients without SCD, one year following
cadaveric renal transplantation. They concluded that
transplantation may not offer better renal replacement
therapy than dialysis for adults with SCD. Spector et al.*®
reported the case of a 34-yr-old female with homozygous
SCD, two years after renal transplantation. The patient
developed severe painful crises postoperatively, which
were managed successfully with partial exchange transfu-
sions. It was inferred that the crises were caused by the
increased haematocrit following renal transplantation. A
patient of Gonzalez-Carrillo er al.' with SCD and ESRD
required repeated exchange transfusions for high HbS
levels following renal transplantation. One patient devel-
oped recurrent sickle cell nephropathy in a transplanted
kidney.?® Donnelly et al.*? reported a case of sickling in
the renal microvasculature six days after renal transplan-
tation. Therefore, the role of renal transplantation in
patients with SCD and ESRD remains uncertain.

The major problems of anaesthesia in renal transplanta-
tion are: fluid and electrolyte imbalance, chronic anae-
mia, disorders of acid/base state, hypertension, cardiac
dysrrythmias, cardiac failure, pericardial and pleural
effusion, diminished respiratory function, coagulation
disorders and the effects of abnormal renal function on
drug pharmacokinetics and metabolism.?* In addition
these patients require other drugs as maintenance therapy
and the possibility of adverse drug reactions during
anaesthesia is increased.

In order to reduce the problems associated with

anaesthesia, there have been many recommendations for
the anaesthetic management of patients with SCD. Elec-
tive surgery should be performed when the patient is not
having a crisis and is free from infection.'®-2” Oduro and
Searle'® suggested a safe and simple anaesthetic tech-
nique, with adequate oxygenation, ventilation and main-
tenance of circulating volume and good postoperative
care. Attempts to abolish the sickling process by alkalin-
isation'®2® or other drug regimens>*~3¢ have proved
ineffective in the long term or have been associated with
many undesirable side-effects. Piracetam®’ and citiedil®®
prevent sickling in vitro and in vivo but their effects are
yet to be proven in a large series of cases. In the absence of
any effective and safe therapeutic means of suppressing
the sickling process, the recommendations for safe
anaesthesia remain valid and factors known to promote
sickling must be avoided.

Preoperative blood transfusion was considered neces-
sary because of the need to increase the arterial oxygen
carrying capacity in a patient with a haemoglobin of 3
g-dl~! about to undergo major surgery. The amount of
blood transfused would be sufficient to decrease the
concentration of HbS to less than 40 per cent and reduce
the risk of further sickling. Vaso-occlusion is less likely to
occur in a patient who has been transfused preopera-
tively.? Preoperative transfusion also causes bone marrow
depression, 2 resulting in the production of fewer erythro-
cytes with HbS. Preoperative exchange transfusion has
been recommended for patients with SCD'6:26 byt the
advantages must be considered against the disadvantages
of multiple blood transfusions. Esseltine et al.* have
published guidelines for preoperative transfusion in pa-
tients with SCD. Blood transfusion is associated with
improved graft survival in renal transplants.>?

Preoperative medication must aim to attenuate anxiety
in a patient with chronic debilitating disease undergoing a
major operation which is likely to lead to a marked
change in lifestyle. A preoperative visit is mandatory in
addition to the prescription of the appropriate pre-
medicants, which should produce anxiolysis without
undue cardiovascular or respiratory depression. Oral
pre-medication is recommended because of the dangers of
bleeding in uraemic patients following intramuscular
injections.?® The benzodiazepines seem to satisfy these
criteria. It is also necessary to continue maintenance
therapy for the treatment of hypertension, prophylatic
antibiotics, steroids and immunosuppressive therapy into
the perioperative period.

Hypoxia is the commonest cause of sickling and a high
inspired concentration of oxygen is required during
anaesthesia in patients with SCD. This is usually achieved
by pre-induction oxygenation and maintenance with 50
per cent oxygen in nitrous oxide.*'3-16:26.27 Thjs practice
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will also be advantageous in patients with ESRD where
anaemia is present. The use of a pulse oximeter offers a
simple, accurate and safe method of continuous assess-
ment of arterial oxygenation.*°

In spite of its depressant action on the cardiovascular
and respiratory systems, thiopentone in minimal
doses*'*2 is satisfactory as the induction agent in patients
with SCD and ESRD. Other induction agents, methohexi-
tone and propofol have been used with satisfactory results
in anaesthesia for both disease states.

The inhalational agents are useful supplements for the
maintenance of general anaesthesia and have the advan-
tage of non-renal elimination. Isoflurane seems to be the
agent of choice because of the cardiovascular stability it
provides and lack of nephrotoxicity even in large doses.*?
However, other inhalational agents have been used suc-
cessfully in patients with SCD and ESRD. The shorter
acting opioids, fentanyl, alfentanil and sufentanil offer
advantages over the longer-acting drugs morphine and
pethidine for intraoperative analgesia.*!

None of the neuromuscular blocking drugs (NMBD)
seems to offer any special advantages in patients with
SCD. However, the choice of a NMBD has important
implications in anaesthesia for patients with ESRD. When
rapid tracheal intubation is desirable, succinylcholine is
the relaxant of choice; otherwise its -use is avoided
because of its unwanted effects on serum potassium and
cardiac rhythm.*

The older, longer-acting non-depolarising NMBD,
d-tubocurarine*® and pancuronium®’ have been used
extensively in patients with ESRD since they are eliminat-
ed from the body via renal and non-renal routes.
Gallamine*® and metocurine*® are excreted predominant-
ly by the kidney and are therefore contraindicated in renal
failure.

The newer non-depolarising NMBDs vecuronium and
atracurium offer greater advantages because of their
shorter duration of action, easy reversibility and lower
incidence of cardiovascular side effects.>® Vecuronium is
eliminated by renal and extra-renal factors and whilst
some reports indicate that its duration of action is little
affected by renal dysfunction,’*' others suggest the
possibility of accumulation with large doses.3?~>*

Atracurium would seem to be the relaxant of choice
because its metabolism is independent of the kidney or the
liver and the duration of action is the same in patients with
or without renal disease.®>:>® The use of a continuous
infusion provides a constant level of neuromuscular block
for prolonged periods which is easily reversed at the end
of surgery.>” Clearance of laudanosine, a metabolite of
atracurium with cerebral irritant effects, is not affected
by renal failure.>¢5® The neuromuscular junction must
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be monitored whenever vecuronium or atracurium is
used.

Cyclosporin A is an immunosupressant drug frequently
used to prevent rejection of the transplanted kidney. The
use of cyclosporin and its solvent cremophor may be
associated with prolonged neuromuscular block in cats>®
and humans®®' and this effect is greater with pancuron-
ium and vecuronium than with atracurium.>%%2 There was
no evidence of prolongation of neuromuscular block in
this patient.

A stable cardiovascular system is desirable in patients
with SCD undergoing renal transplantation in order to
avoid sickling and enhance perfusion of the renal allo-
graft. Close monitoring of ECG, blood pressure and
central venous pressure is required. Non-invasive blood
pressure monitoring is usually adequate but we chose to
monitor direct intra-arterial pressure in this patient be-
cause of the added advantage of monitoring the changes in
acid/base state. Fluid and blood loss must be replaced
promptly because of the dangers of dehydration and
hypotension.

Early recovery with a full return of cardiovascular and
respiratory responses is essential. The use of drugs with
non-renal routes of elimination and short duration of
action offers the advantages of early recovery even in the
absence of normal renal function. Neuromuscular drugs
must be fully reversed to ensure that the patient is able to
maintain satisfactory ventilation postoperatively.

The same attention that is taken intraoperatively must
be extended into the postoperative period. The patient
must be nursed in a high-dependency nursing ward where
cardiovascular and respiratory monitoring and oxygen
therapy can be continued as required for patients with
SCD and ESRD who have undergone major surgery.
Arterial hypoxaemia is most common in the immediate
postoperative period®*** and must be avoided in a patient
with SCD. Postoperative analgesia must be given without
causing undue cardiorespiratory depression: small doses
of opiates intravenously are adequate.

The cause of postoperative convulsions may have been
hypomagnesaemia or SCD. Hypomagnesaecmia can be
caused by excessive diuresis and may lead to muscle
twitching, tetany, tremors, mental irritability, hallucina-
tions and convulsions.®® There may be an association
between the neurotoxic effects of cyclosporin and hypo-
magnesaemia.% The neurological complications of sickle
cell disease are convulsions, hemiplegia, intracranial
haemorrhage, vertigo and coma.'! The absence of any
neurological disorder in the preoperative period and the
rapid response to magnesium replacement therapy make it
unlikely that SCD was the cause of convulsions in this
patient.
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Conclusion

Until further evidence is available, the role of renal
transplantation in SCD and ESRD remains uncertain.
However, the variable clinical course of SCD, from
almost benign to very severe, makes controlled studies on
the benefits of renal transplantation difficult to evaluate.
Improved medical care means that more people with SCD
are living long enough to develop ESRD and it is likely
that the need for renal transplantation in SCD will
increase. An understanding of the two disease entities by
the anaesthetist is essential for successful outcome in
patients with SCD undergoing renal transplantation.
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