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Abstract
Introduction: Anaemia is a known complication of end stage renal disease (ESRD). The Kidney Disease: Improving Global Outcome (KDIGO) guidelines 
recommend that haemoglobin (Hb) level in patients with ESRD should be maintained at 11-11.5 g/dl. However, it is difficult to achieve these figures in under 
resourced countries with limited setup where patients with ESRD frequently run low haemoglobin concentrations. 

The aims of this study were to review the Hb levels and prevalence of anaemia in ESRD patients undergoing kidney transplantation in a transplant centre in Sudan 
and to explore the correlation of pre-operative anaemia with post-operative adverse cardiovascular events, delayed graft function (DGF), and frequency of blood 
transfusion.

Methods: Records of all patients who underwent kidney transplantation during the period Jan 2012 to Dec 2012, were retrospectively reviewed. The variables 
analysed were pre-operative Hb, frequency of perioperative blood transfusion, cardiovascular events during the perioperative period and frequency of DGF.

Results: Forty two patients were included in this study. The mean pre-operative Hb level was 10.26 g/dl (SD: 2.05). Twenty six patients (62%) had moderate or severe 
anaemia, as defined by the World Health Organisation, at the time of transplantation. None of the patients developed cardiovascular events during the perioperative 
period. There was no statistically significant association between pre-operative anaemia and DGF and frequency of blood transfusion.

Conclusion: Offering renal transplant to anaemic ESRD patients was not associated with adverse cardiovascular events. The frequency of DGF in anaemic patients 
was equivalent to those with normal Hb. 
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Introduction
In 1836 Bright noted the association between anemia and chronic 

kidney disease [1]. Since then anaemia has become a well-recognised 
phenomenon in patients with end stage renal disease (ESRD) [2-4]. 
Both the Kidney Disease: Improving Global Outcome (KDIGO) and 
Kidney Disease Outcomes Quality Initiative (KDOQI) guidelines for 
haemodialysis patients recommend a target haemoglobin (Hb) level 
of 11-11.5 g/dl [5]. Patients with lower Hb should be considered for 
erythropoiesis-stimulating agents (ESAs) and iron therapy [6]. In 
under resourced countries, however, such treatment modalities are 
not always feasible as these treatments may be limited due to financial 
constraints or availability [7]. In some parts of the world, patients with 
ESRD frequently receive two haemodialysis sessions per week and it is 
not unusual for these patients to present for renal transplantation with 
Hb ≤ 11 g/dl [8]. 

Delayed graft function (DGF) is an important complication of 
kidney transplantation and has detrimental effects on the early post-
operative period as well as the long term outcome of the transplant. It 
is hypothesized that haemodialysis patients with anaemia have a higher 
risk of DGF post-transplantation compared to non-anaemic patients 

[8]. It is thought that higher blood Hb level may have a protective effect 
against ischemia –reperfusion injury to the graft [8].

Pre-operative anaemia is known to be associated with considerable 
morbidity and mortality both in cardiac and non-cardiac surgery 
[9]. Compared with patients with normal preoperative Hb, anaemic 
patients have an increased risk of myocardial infarction, infectious 
complications, prolonged hospitalization and a greater likelihood 
of allogenic red cell transfusion [9-11], with its associated risks and 
complications.

In our limited-resource set up, patients frequently present for 
transplantation with moderate and severe anaemia and are unable to 
receive ESAs or iron therapy. Hence, the aims of this study were to 
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assess the frequency of pre-transplant anaemia in a cohort of Sudanese 
renal transplant patients and to assess the association of anaemia with 
post-operative cardiovascular events, DGF and frequency of allogenic 
blood transfusion (ABT).

Methods
All patients who underwent living-related renal transplantation at 

Sharg El-Neel hospital during the period 1/1/2012 till 31/12/2012 and 
satisfied the set inclusion and exclusion criteria, were included in this 
study. Inclusion criteria included those patients who were ≥ 18 years of 
age at the time of transplantation, patients with Hb level ≥ 7 g/dl (the 
cut-off Hb level for accepting patients for transplantation in our centre) 
and those undergoing their first kidney transplantation. 

Anaemia was defined according to the WHO classification of 
anaemia [12]. A patient is considered to have moderate anaemia if the 
Hb level is 8.0-10.9 g/dl or severe anaemia if the Hb level is < 8.0 g/
dl. However, due to the small sample size, patients were categorized as 
either anaemic if the Hb level was ≤ 10.9 g/dl or as normal Hb if the 
level was ≥ 11 g/dl.

Due to the lack of a universal definition, DGF was defined in 
this study as the need for dialysis during the first seven days post-
transplantation [13,14].

Perioperative cardiac event was defined as the occurrence of 
symptoms compatible with acute myocardial ischemia, arrhythmia or 
congestive heart failure within 30 days post-transplantation. Symptoms 
compatible with acute myocardial ischemia included myocardial 
infarction (ST-segment elevated or non ST-segment elevated) or 
unstable angina. Diagnosis of myocardial infarction (MI) was made 
based on the clinical picture, recent ECG changes and elevation of the 
serum biomarkers, specifically Troponin T, analysed at different time 
intervals. Diagnosis of unstable angina was made based on clinical 
picture and recent ECG changes [15]. 

In our center, as part of the assessment of the potential renal 
transplant recipients, Hb level was checked during the initial assessment 
and at admission for the operation. Generally, the cut-off Hb level for 
accepting patients for transplantation in our center was 7 g/dl, however, 
some exceptions were made on case by case basis. Pre-transplant 
assessment included a detailed cardiac history and clinical examination 
to detect any significant cardiac conditions including Acute Coronary 
Syndrome (ACS), heart failure, arrhythmias and valvular disease. 
Assessment for the functional class was also made (ability to climb two 
flights of stairs) [16]. Baseline ECG and echocardiogram were done 
for all cases. Any patient who showed features of cardiac compromise 
from history, clinical examination or investigations was referred to the 
cardiology service for further assessment and optimization. 

Our immunosuppression protocol consisted of triple therapy. 
Tacrolimus was started 2 days pre-operatively at a dose of 0.15 mg/
kg body weight/day given in 2 divided doses and continued post-
operatively, with the dose adjusted to keep the trough level at 10-15 
ng/ml. Methylprednisolone was given intra-operatively at a dose of 500 
mg before release of clamps and continued for 2 days post-operatively 
at a dose of 250 mg/day. Oral prednisolone was started at the third 
postoperative day at a dose of 20 mg/day. Azathioprine was started 
at the first post-operative day at a dose of 5mg/kg/day. Tapering of 
immunosuppression was started six weeks post-operatively. Induction 
therapy was not used during the study due to the financial limitations, 
although it was introduced later.

Post-operatively, kidney function was monitored by measuring 
hourly urine output, daily measurement of serum urea, creatinine and 
electrolytes level and calculating creatinine clearance using Cock-Croft 
Gault formula. Laboratory assessment of full blood count was carried 
out on daily basis till the time of discharge, usually within 5 to 7 days 
post-operatively. Decision to give blood transfusion was made jointly 
between the surgeon and anaesthetist intra-operatively, if it was felt that 
there was excessive bleeding. Post-operatively, decision to give blood 
transfusion was made jointly between the surgeon and nephrologist if 
it was felt that there was excessive output from the surgical drains or if 
the Hb level dropped to below 7g/dl.

According to our protocol, ECG and cardiac enzymes were 
requested if the patient complained of any symptoms suggestive 
of a cardiac event. These were repeated after 12 hours or as deemed 
necessary.

The variables included in this study were age at time of 
transplantation, sex, history of blood transfusion before transplantation, 
Hb level immediately before transplantation, need for transfusion 
during the perioperative period and number of units transfused, 
occurrence of cardiovascular events and episodes of DGF. 

Ethical approval was granted, from the hospital’s medical 
directorate, before the commencement of the study.

Statistical Analysis

Statistical analysis was performed using JMP software version 
12. Continuous and categorical variables were displayed as means ± 
standard deviation (SD) and frequencies and percentages, respectively. 
Student’s t-test was used to assess the differences between continuous 
variables. Differences between categorical variables were analyzed using 
Fisher’s exact test. P values < 0.05 were considered to be statistically 
significant.

Results
Forty three patients, with ESRD and on haemodialysis, underwent 

living related kidney transplantation during the study period. One 
patient was excluded because he was undergoing his second kidney 
transplantation. The remaining 42 patients satisfied the inclusion 
and exclusion criteria and were suitable for analysis. None of these 
patients was undergoing a pre-emptive transplant. Table 1 displays 
the characteristics of the study group and the distribution of variables 
included in the study. The patients’ age ranged from 19 to 55 year with 
a mean (SD) of 32.8 (9.5) years. Two thirds of the sample (66.7%) 
were males. Twenty six patients (62%) were anaemic at the time of 
transplantation. 

Subject characteristics N (%)

Age (years) Mean (SD)
32.8 (9.5)

Sex
male 28 (66.7)
female 14 (33.3)

Pre-operative Hb
≤10.9 g/dl 26 (61.9)
≥11.0 g/dl 16 (38.1)

Pre-transplant blood 
transfusion

Yes 12 (28.6)
No 30 (71.4)

DGF*
Yes 5 (11.9)
No 37 (88.1)

Acute rejection
Yes 9 (21.4)
No 33 (78.6)

Table 1. Renal transplant patient characteristics. *DGF: Delayed graft function
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The mean Hb level for the whole group was 10.2 g/dl (range: 6.1-14). 
Six patients had a Hb level less than 8 g/dl (severe anaemia according to 
the WHO classification). Two patient were operated on with a Hb level 
below the set threshold of 7.0 g/dl as both patient were running out of 
access sites and so were offered transplantation in spite of the very low 
Hb. It was noticeable that males had a higher pre-operative Hb level 
compared to females, although that did not reach statistical significance 
(p=0.076,). Twelve patients (28.6%) gave a past history of transfusion 
at some stage before coming for transplantation. The mean (SD) Hb 
on discharge for the studied group was 9.0 g/dl (2.08). The mean (SD) 
postoperative creatinine level was 1.40 mg/dl (0.66).

There was neither perioperative mortality nor graft loss in the 
studied group. None of the patients included in the study developed 
any acute cardiovascular event during the perioperative period. 

Of the 42 patients studied, five patients (12%) developed DGF. Two 
of these patients were haemodialysed in the immediate post-operative 
period due to high serum potassium following intra-operative 
blood transfusion. Of these five patients with DGF, 4 patients were 
anaemic pre-operatively and one patient had normal Hb level. Table 
2 summarizes the association of the examined parameters with pre-
transplant anaemia There was no statistically significant association 
between pre-operative anaemia and DGF (p=0.38,). Also, there was no 
association between pre-operative Hb level and DGF (p=0.9;).

Eleven patients (25.6%) received blood transfusion during the 
perioperative period. The mean number of units (SD) transfused was 
2.72 units (1.48). One patient needed ten units of blood due to excessive 
intra-operative bleeding. Eight of the patients who needed blood 
transfusion were anaemic pre-operatively. There was no significant 
association between pre-operative anaemia and the need for transfusion 
(p=0.48). Three patients who received blood transfusion developed 
acute rejection. There was no statistically significant association 
between blood transfusion and episodes of acute rejection (p= 0.1,).

Discussion
Anaemia is a common complication of chronic kidney disease, 

the pathophysiology of which is related to reduced erythropoietin 
production, iron and vitamin deficiency, reduced erythrocytes life 
span, chronic inflammation and uraemic milieu [17-19]. Anaemia in 
CKD significantly increases the risks of cardiovascular morbidity and 
mortality as well as risk of stroke [20-22]. The prevalence of anaemia 
in CKD patients varies widely in different parts of the world, ranging 
from 47.8% to 75.8%, depending on the stage of CKD [23]. Guidelines 
recommend routine assessment of anaemia in CKD patients and that 
ESAs and Iron therapy should be initiated if the Hb level falls to < 11.0 
g/dl. This treatment however, may not be available or affordable in 
certain parts of the world.

The prevalence of anaemia in this study of ESRD patients presenting 
for transplantation was 62%. However, this figure is not a true reflection 
of the prevalence of anaemia in our Sudanese ESRD population as 
patients with Hb <7g/dl, the cut-off Hb level for patients to be offered 
transplantation, were excluded. The number of the patients excluded 
because of low Hb was not censored.

In spite of the low and sometimes very low Hb levels in our studied 
population, there was no acute cardiovascular events. This may be 
attributed to the fact that most of the patients belonged to young age 
group

Secondly, these patients were carefully evaluated pre-transplantation 
from cardiological point, as patients with pre-existing cardiac disease 
are at significantly increased risk for developing peri-operative cardiac 
complications after a renal transplant [24]. Patients with any suspected 
cardiac abnormality were referred to the cardiology services for further 
assessment. Hence this was a selected group of patients.

Five patients (12%) developed DGF requiring haemodialysis. Of 
these five, two patients were dialysed immediately post-operatively 
due to high serum potassium, as these patients needed transfusion 
intra-operatively. We could not find statistically significant correlation 
between pre-operative anaemia or Hb level and DGF. This result is 
contrary to the previous reports that patients who were anaemic before 
transplantation have a higher risk of DGF [9].

This is the first study to report the prevalence of pre-transplant 
anaemia in Sudanese renal transplant population and its association 
with adverse cardiac events and DGF. To the best of our knowledge, 
there are no similar reports from sub-saharan Africa. There are, 
however, some limitations to this study. The main limitation is the small 
sample size which may have resulted in type II error. There are plans to 
reproduce this study with a larger sample size to be recruited from our 
center as well as other local centers. The other drawback is that most of 
the patients in this study group belonged to young age groups. It must 
be stressed that in our practice, patients are not denied transplantation 
because of old age (there was no upper age limit included in our 
protocol). Another limitation is that this was a retrospective study and 
thus causality cannot be determined. Future studies using prospective 
cohort design may provide greater control for bias and confounding 
factors. 

In conclusion, offering renal transplantation to moderately anaemic 
patients was neither associated with adverse cardiac events nor with 
DGF. Patients should be carefully selected to ensure a favorable 
outcome. Further investigation with larger samples is required to 
determine the safety of this practice. 
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