
September-October 2016 Indian Journal of Pharmaceutical Sciences 566

Research Paper

Evaluation of Factors Influencing Renal Dysfunction 
Following Living Donor Liver Transplantation
LINIYA SUNNY, EMMANUEL JAMES*, M. KRISHNAPRIYA, M. R. MAMATHA AND S. SUDHINDRAN1

Department of Pharmacy Practice, Amrita School of Pharmacy, 1Department of Vascular and Organ 
Transplantation, Amrita Vishwa Vidyapeetham, Amrita University, AIMS Health Sciences Campus, Kochi-682 
041, India

Sunny, et al.: Factors Influencing Renal Dysfunction Following Living Donor Liver Transplantation

Deterioration of kidney function is the most worrisome long term complication following liver transplantation. 
This study was performed to identify the risk factors of renal dysfunction following living donor liver 
transplant and the effect of immunosuppressant dosage adjustment on the recovery of renal function. A 
retrospective observational study was conducted on 133 consecutive adult living donor liver transplant 
recipients over an 8 y period from 2006 onwards. An increase in serum creatinine of >1.4 mg/dl was taken as a 
marker for renal insufficiency. The incidence of post living donor liver transplant renal dysfunction was 35% 
and maximum incidence occurred at one year of liver transplantation. Male gender, pretransplant diabetes, 
hepatorenal syndrome, posttransplant hypertension, bilirubin >1.2 mg/dl, albumin <3.5 g/dl, pretransplant 
serum creatinine >1.4 mg/dl and tacrolimus trough level >7 µg/l at 3rd month of liver transplantation were 
significant risk factors for the development of renal dysfunction. Reduction of tacrolimus dosage was the 
most effective intervention to restore renal function. This however resulted in abnormal liver function tests 
secondary to rejection and necessitated the addition of alternative non-nephrotoxic immunosuppressants. 
Two and four year survival rates were 98.9 and 96.6% for patients without renal dysfunction compared to 
97.4 and 91.6% for those complicated by renal dysfunction after living donor liver transplant. Maintaining 
lower levels of tacrolimus along with addition of non-nephrotoxic immunosuppressants may be a worthwhile 
strategy to protect the kidneys and preserve long term graft function in patients at high risk of post living 
donor liver transplant renal dysfunction.
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Liver transplantation outcomes have improved greatly 
with advances in surgical techniques since the 1960s. 
With 1 year liver transplant (LT) survival rates now 
beyond 85%[1], increased attention is being paid to 
improve long term morbidity and mortality in LT 
recipients. Renal dysfunction is the most worrisome 
long term complication following LT. It was estimated 
that 18% of the recipients would develop chronic 
renal failure within 5 years of LT which may in turn 
decrease patient survival[2-4]. Several factors have 
been implicated for the occurrence of chronic renal 
impairment in LT recipients[2,4,5]. Among these, high 
level exposure to calcineurin inhibitors, namely 
cyclosporine A and tacrolimus, is a well-documented 
risk factor[2,6,7]. Chronic calcineurin-induced 
nephrotoxicity is associated with structural changes in 
the kidney[8-10]. 

After India’s first successful living donor liver 
transplant (LDLT) in the year 1998, nearly 7500 LTs 

have been performed across the country at the various 
LT centers which stand up to 30 as of 2015[11]. Though a 
considerable number of research and review articles have 
been published[12-19] since then on the various aspects of 
liver transplantation in India there is paucity of data 
from India regarding the incidence and risk factors of 
renal dysfunction and the effect of immunosuppressant 
therapy modification on renal function in post LDLT 
recipients. A better understanding of these facts can 
improve patient outcomes in post LDLT patients.

MATERIALS AND METHODS

This retrospective and observational study was carried 
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out in the Department of Gastrointestinal Surgery at 
Amrita Institute of Medical Sciences and Research 
Centre (AIMS), a 1250 bed tertiary care teaching and 
super specialty referral hospital in Kochi, Kerala. Since 
2006, 407 LTs were done in AIMS, majority (363) of 
which was LDLTs making this one of the largest LDLT 
program in the country. Approximately 50-80 liver 
transplant recipients are followed up monthly in this 
department. Retrospective data of post LT patients 
were collected for a period of 8 years (from 1st June 
2006- 30th June 2014) and the patients were followed 
up during a period of 9 mo from 17th September 2014 
to 17th June 2015. Patients older than 18 years of age 
who had undergone LDLT at AIMS and who had at 
least one year follow up following LT were included. 
Patients who died within 3 mo of LT or LT recipients 
from deceased donors or patients unwilling to provide 
informed signed consent were excluded. 

Patient data relevant to the study were collected by 
reviewing the digital medical records of the patients 
in the hospital information system and by direct 
interview of the patients who came for follow up. 
The study got approval of the Hospital Research and 
Ethics Committee. Using a predesigned data collection 
form, information regarding the demographic data, 
pre-transplant details including diagnosis of liver 
disease, comorbidities and post-transplant details like 
dose, frequency and duration of immunosuppressant 
administration and rejection episodes were collected. 
Laboratory data including haematological parameters, 
liver function tests and kidney function tests were 
monitored regularly. Serum TAC levels were 
monitored by chemiluminescent immunoassay and 
the immunosuppressant dosage adjustments were 
recorded. 

A rise in serum creatinine to >1.4 mg/dl as estimated 
by Jaffe method[20] was considered as a surrogate 
marker for renal dysfunction in post LT patients. A 
value of more than 43 mg/dl of serum urea (estimated 
by kinetic UV method) indicated elevated blood urea 
nitrogen[21]. Persistent rejection was defined as more 
than 2 episodes of rejection despite adequate levels 
of immunosuppression and pulse methylprednisolone 
therapy[22]. The criteria for acute kidney injury (AKI) 
was an increase in serum creatinine by 0.3 mg/
dl or ≥1.5 times the baseline value within 48 h, or 
an increase of ≥1.5 times the baseline value within 
seven days[23]. Estimated glomerular filtration rate 
(eGFR) was calculated using Modification of Diet in 
Renal Disease (MDRD) study equation[24] and stages 

of kidney disease were categorized using Kidney 
Disease: Improving Global Outcomes (KDIGO) 2012 
Clinical Practice Guidelines[25]. Chronic kidney disease 
(CKD) was considered if eGFR <60 ml/min per 1.73 
m² or evidence of kidney damage such as albuminuria 
or abnormal findings on renal imaging were present for 
≥3 mo. The study patients were stratified into group I 
(no renal dysfunction 3 mo post LT) and group II (renal 
dysfunction 3 mo post LT). The flow chart of the study 
process is shown in fig. 1. 

The collected data were compiled using Microsoft Excel 
and analysis was carried out using Statistical Package 
for Social Sciences (SPSS), version 20. Quantitative 
variables were expressed as mean±standard deviation 
(SD) while qualitative variables were expressed 
as number (percentage). Pearson’s chi-square test 
was used to compare the two groups of patients for 
qualitative variables and independent Student’s t-test 
for quantitative variables. Mann-Whitney test was 
used for comparing measurable continuous variable 
like duration of follow up. Immunosuppressant dosage 
adjustment on renal function was correlated using 
McNemar test. Kaplan Meier survival analysis was 
performed to evaluate the survival data and log rank test 
(Mantel-Cox test) was performed to compare survival 
rates of group I and II patients. A P-value<0.05 was 
considered significant.

RESULTS AND DISCUSSION

Men (113, 85%) outnumbered the women (20, 15%). 
The highest number of patients (36, 27%) was in the 
age group 41-47 y, followed by 55-61 y and the lowest 
(6, 4.5%) in the age group of 18-25 y and 62-68 y. 
The median age of the study patients was 46 y, with a 
range of 47 (65-18) y and a coefficient of variation of 
0.2. The baseline characteristics of study patients are 
shown in Table 1. Indications for liver transplantation 
in these patients included chronic alcoholic-cirrhosis 
(59, 44.3%), cryptogenic cirrhosis (35, 26.3%), 
seronegative liver failure (9, 6.8%), hepatocellular 
carcinoma (8, 6%), hepatitis B (7, 5.3%), hepatitis C 
(6, 4.4%), hepatitis A (3, 2.3%), yellow phosphorous 
poisoning (3, 2.3%), autoimmune hepatitis (2, 1.5%) 
and drug induced (1, 0.7%) liver failure.

Incidence of renal dysfunction in post LT recipients is 
represented in fig. 2. Seventy six incidences of renal 
dysfunction were observed in 46 patients of group II. 
The incidence of renal dysfunction during the post-
transplant period of 8 y was estimated to be 35%. 
Some of these patients experienced renal dysfunction 
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Fig. 1: Flow chart of study process.

TABLE 1: BASELINE CHARACTERISTICS OF POST LIVER TRANSPLANT RECIPIENTS
Characteristics Group I  (n=87) Group II  (n=46) Total  (n=133) P-value*
Age  (y±SD) 44±1.1 48.8±8.4 45.7±10.5 0.013*

Duration of follow up  (y±SD) 2.87±1.72 3.26±1.73 3.01±1.7 0.15
Social history No.  (%)
Ex-alcoholic 39 (44.8) 20 (43.4) 59 (67.8) 0.88
Ex-smoker 8 (9.2) 5 (10.9) 13 (14.9) 0.75
Past medical history No.  (%)
Asthma 3 (3.4) 3 (6.5) 6 (4.5) 0.41
Cancer 5 (5.8) 1 (2.2) 6 (4.5) 0.35
Heart failure 1 (1.1) 1 (2.2) 2 (1.5) 0.64
Diabetes 30 (34.5) 25 (54.3) 55 (41.4) 0.027*

Dyslipidemia 1 (1.1) 1 (2.2) 2 (1.6) 0.64
Encephalopathy 20 (23) 9 (19.6) 29 (22) 0.65
Hepatitis 2 (2.3) 6 (13) 8 (6) 0.64
Hepatopulmonary syndrome 1 (1.1) 1 (2.2) 2 (1.5) 0.64
Hepatorenal syndrome 0 5 (10.9) 5 (3.8) 0.002*

Hypertension 13 (15) 8 (17.3) 21 (15.8) 0.67
Jaundice 7 (8) 8 (17.4) 15 (11.2) 0.76
Kidney diseases 0 3 (2.2) 3 (2.2) 0.04*

Lower limb cellulitis 3 (3.5) 2 (4.3) 5 (3.7) 0.79
Variceal bleeding 8 (9.2) 4 (8.7) 12 (9) 0.92
Donor type No.  (%)
Non blood related 48 (55.1) 32 (69.5) 80 (91.9) 0.10
First degree relative 39 (44.8) 14 (30.4) 53 (60.9) 0.08
MELD score 23.1±5.5 23.1±5.2 23.1±5.4 0.25
 MELD >17 No.  (%) 73  (65.2) 39 (34.8) 112 (84.2) 0.89
Group I: no renal dysfunction after LT, Group II: renal dysfunction after LT; MELD: Model for End-stage Liver disease; *P-value <0.05 is 
considered significant
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on multiple occasions during this time period (12 
patients experienced renal dysfunction 2 times, 5 
patients experienced 3 times, 1 patient experienced 
4 times and another 1 patient experienced more 
than 5 times. Incidences of renal dysfunction were 
found to be maximum (16, 21%) at one year after LT 
followed by two, three and four years. Incidence of 
renal dysfunction was very rare after the 5th y of LT. 
Comparison of various risk factors for development of 
renal dysfunction between group I and II patients are 
shown in Table 2. 

Male gender, pretransplant diabetes, post-transplant 
hypertension, pretransplant bilirubin concentrations 
(>1.2 mg/dl), pretransplant albumin levels (<3.5 g/dl), 
pretransplant serum creatinine (≥1.4 mg/dl), elevated 
blood urea nitrogen (>43 mg/dl), pretransplant 
hepatorenal syndrome and TAC concentrations in 
the blood sample at 3rd mo (≥7 µg/l) were found to 
be significant risk factors for development of renal 
dysfunction following LDLT. The immunosuppressant 
therapy modifications in post LT recipients with renal 
dysfunction are represented in fig. 3. 

Fig. 2: Incidence of renal dysfunction in group II.
Group II: Patients with renal dysfunction post liver transplantation.

TABLE 2: RISK FACTORS FOR DEVELOPMENT OF RENAL DYSFUNCTION IN POST LIVER TRANSPLANT 
RECIPIENTS
Risk factors Group I (n=87) Group II (n=46) χ2 P-value*

No. (%) No. (%)
Age (≥50 years) 29 (60.4) 19 (39.5) 0.8 0.363
Male recipient 68 (60.2) 45 (39.8) 9.1 0.003*
Ex-smoking 8 (61.5) 5 (38.5) 0.01 0.757
Ex-alcoholism 39 (66.1) 20 (33.9) 0.02 0.882
Pretransplant diabetes 30 (54.5) 25 (45.5) 4.9 0.027*
Post-transplant diabetes 25 (64.1) 14 (35.8) 0.04 0.838
Pretransplant hypertension 13 (62) 8 (38) 0.14 0.713
Post-transplant hypertension 6(30) 14 (70) 13.0 <0.001*
Pretransplant hepatorenal syndrome 0 (0) 5 (100) 9.8 0.002*
Pretransplant dyslipidemia 1 (50) 1 (50) 0.2 0.642
Post-transplant dyslipidemia 33 (56.9) 25 (43.1) 3.3 0.069
Pretransplant bilirubin (>1.2 mg/dl) 84 (70.6) 35 (29.4) 13.4 <0.001*
Pretransplant albumin(<3.5 g/dl) 74 (72.5) 28 (27.5) 9.8 0.002*
Pretransplant serum creatinine (≥1.4 mg/dl) 9 (42.9) 12 (57.1) 5.6 0.018*
Elevated blood urea nitrogen (>43 mg/dl) 9 (25) 27 (75) 35.6 <0.001*
Tacrolimus level at 3rd month (≥7 µg/l) 15 (47) 17 (53) 7.2 0.007*
MELD score(≥20) 60 (63.2) 35 (36.8) 0.75 0.387
HCV recurrence 3 (60) 2 (40) 0.07 0.795
Pre-transplant sodium level (<135 mmol/l) 64 (66.7) 32 (33.3) 0.24 0.625
Graft rejections 41 (61.2) 26 (38.8) 1.06 0.303
Group I: no renal dysfunction after LT, Group II: renal dysfunction after LT; *P-value <0.05 is considered significant
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The proportion of patients with various stages of 
kidney disease before and after immunosuppressant 
dosage adjustment is represented in fig. 4. The number 
of patients with stage 3 and stage 4 kidney diseases 
decreased while the number of stage 2 patients increased 
after dosage adjustment. Stage 5 kidney disease, 
necessitating hemodialysis, developed in 1 patient 
(1.3%). The dosage adjustment of immunosuppressants 
significantly improved the renal function of stage 3 
patients (P<0.05).

Two patients from group I and three patients from 
group II expired after a year of LT. The median survival 

time of group I and group II patients were 6.8 and 7.4 y, 
respectively. The overall survival rates of group I and 
group II patients are shown in Table 3. The one, three, 
five year survival rates were 98.9, 96.6 and 96.6%, 
respectively for group I, but for group II were 100, 97.4 
and 83.3%, respectively. The comparison of survival 
rates with follow up years for group I and II are shown 
in fig. 5. The log rank test (Mantel-Cox test) suggested 
that there was no association with renal dysfunction 
and the mortality of these patients (P=0.336).

In this study, renal dysfunction occurred in considerable 
number of patients (46, 35%) following LDLT over 8 

Fig. 3: Immunosuppressant therapy modifications in the study patients.
n=46; Advagraf®=long acting tacrolimus 1.5 mg/2.0 mg/3.0 mg/4.0 mg given once daily.

Fig. 4: Effect of immunosuppressant dosage adjustment on renal function.
n=76, After dosage adjustment;  before dosage adjustment.
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y; nevertheless the renal dysfunction did not appear to 
increase the 5 y mortality. The significant correlation 
between renal dysfunction and factors like male gender, 
pre-transplant diabetes, post-transplant hypertension, 
pre-transplant bilirubin concentrations (>1.2 mg/
dl), pre-transplant albumin levels (<3.5 g/dl), pre-
transplant serum creatinine(≥1.4 mg/dl), elevated blood 
urea nitrogen (>43 mg/dl), pretransplant hepatorenal 
syndrome and tacrolimus concentrations in blood 
sample at 3rd month (≥7 µg/l) may be of help in better 
understanding of various predictors of renal dysfunction 
following LT and as much as possible, preventing its 
development. Manipulation of immunosuppression to 
avoid or limit calcineurin-nephrotoxicity is one of the 
major tools to overcome this problem[26]. Calcineurin 
minimization and conversion to other non-nephrotoxic 
drugs seems to be a safe approach that results in 
significant improvement in renal function. 

This study, to our knowledge, is the largest work from 
India to analyze the occurrence of renal dysfunction 
following LDLT. An earlier Indian study[27] on 70 
patients who had undergone LT during 2005-09 was 
primarily on DDLT patients as there were only 18 
(25.7%) LDLT patients in the cohort. The patients 
were grouped into those with both liver and renal 
failure (n=29) and those with hepatic failure but with 
normal renal function (n=41) prior to LT. The authors 
evaluated the development of acute renal failure on the 
5th and 30th d of LT. In contrast, our study looked into 
the development renal dysfunction at various intervals 
beginning three months after LT (fig. 2) in patients 
who survived. We excluded the patients who died 
within the first three months of LDLT as our objective 
was on assessing factors responsible for chronic renal 
dysfunction after LDLT. Death occurred in some of LT 
recipients within the first three months of LT due to 

TABLE 3: SURVIVAL RATES OF STUDY PATIENTS AFTER LIVER TRANSPLANTATION
Survival time Survival rates (%) Cause of death and number of patients*

Group I (n=87) Group II (n=46)
First year 98.9* 100 MODS, MI, Sepsis, ARDS, Metabolic acidosis (n=1)
Second year 98.9 97.4* Sepsis, MODS (n=1)
Third year 96.6* 97.4 Acute cellular rejection (n=1)
Fourth year 96.6 91.6* MI, sepsis, MODS (n=1)
Fifth year 96.6 83.3* Severe coagulopathy, acute liver failure (n=1)
MODS: Multiple organ dysfunctions; MI: myocardial infarction; ARDS: acute respiratory distress syndrome

Fig. 5: The comparison of survival rates with follow up years for group I and group II.
-■- Group I,-■-group II, ▬▬ renal, ▬▬ non-renal, ▬I▬ renal-censored, ▬I▬ non-renal-censored
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a variety of reasons like sepsis, liver dysfunction and 
technical reasons like vascular block or biliary leaks.

The incidence of post LT renal dysfunction in our 
study was lower (34.6%) compared to another study 
conducted in the Netherlands[28] where chronic renal 
failure developed in 168 (43%) patients despite the fact 
that they had considered only CKD stage III patients 
for estimation of incidence of renal dysfunction and we 
considered all patients from stage II and above. Another 
study from Ireland by O’Riordan et al.[29] found that 10 
y cumulative incidence of renal dysfunction for stages 
0/1, 2, 3, 4 and 5 of CKD as 9.61, 53.7, 56.77, 6.11 and 
2.62%, respectively. The incidence of AKI was 60.5% 
at an average tacrolimus trough level of 10.3±0.51 
(µg/l) in a study conducted by Utsumi et al.[30] from 
Japan. The lower incidence of renal dysfunction in our 
study may be due to the relatively low trough levels 
(<7 µg/l) of tacrolimus maintained for our patients. 
Calcineurin inhibitors like tacrolimus is often cited 
as the primary reason for the occurrence of post LT 
renal impairment[31,32]. Tacrolimus trough level at 3rd 
mon of transplantation was <7 µg/l in the majority of 
our patients (101, 76%). In most of the western series, 
deceased donors form the major share of the liver 
donors where the whole liver is transplanted unlike 
partial liver used as graft in LDLT. Usually in deceased 
donor liver transplantation, tacrolimus levels are 
targeted at 8 to 12 µg/l. It is known that LDLT recipients 
require lower trough levels compared to DDLT due 
to the lower hepatocyte mass needed[33]. Ours’ being 
a predominantly LDLT programme, the dosage of 
tacrolimus was decisively aimed to keep a trough level 
around 5 µg/l. We feel that the lower tacrolimus level 
might have prevented renal dysfunction in some of 
the high risk patients in our study. A previous study 
also advocated the benefit of maintaining tacrolimus 
levels at 5-7 µg/l[34]. In contrast, a study from Spain by 
Gallardo et al.[3] estimated a low incidence (16.7%) of 
late onset renal dysfunction (LD). This may be because 
they defined LD as serum creatinine >2 mg/dl beyond 
3 mo post LT. 

We found that male gender, pretransplant diabetes, post-
transplant hypertension, pretransplant bilirubin >1.2 
mg/dl, pre-transplant albumin <3.5 g/dl, pretransplant 
serum creatinine >1.4 mg/dl, blood urea nitrogen 
>43 mg/dl, pretransplant hepatorenal syndrome and 
tacrolimus trough level at 3rd mo >7 µg/l as significant 
risk factors for development of post LT renal 
dysfunction. This was comparable to other studies; 
for instance in a study by Utsumi et al.[20] from Japan, 

preoperative diabetes and over exposure to calcineurin 
inhibitors were risk factors for post-transplant renal 
dysfunction. Likewise, in the study by Brandao et al.[35] 

from Brazil, male gender and median tacrolimus levels 
(11.3 µg/l) in the first 3 mo of post LT were significant 
risk factors whilst pretransplant serum creatinine (>1.2 
mg/dl) was cited as the important determinant of post 
LDLT renal dysfunction in the study by Ling et al.[36] 
from China and Pawarode et al.[4] from USA.

Another salient finding of our study was that the 
maximum incidence of renal dysfunction occurred at 
a time period of one year following transplantation. 
Interestingly at 2, 3 and 4 y, the incidence of renal 
dysfunction appeared to be decreasing. This is probably 
due to change in immunosuppression that was carried 
out at the index episode of renal dysfunction. Among 
different immunosuppressant/immunosuppressant 
combination approaches, reduction of tacrolimus 
dose was found to be the most common initial therapy 
modification in majority of group II patients. This 
alone improved the renal function in 35 patients 
(46%). Needless to mention, reduction of tacrolimus 
dosage often resulted in abnormal liver function 
tests secondary to rejection, which necessitated the 
addition of other non-nephrotoxic immunosuppressant 
drugs. These included everolimus (19 patients, 25%), 
azathioprine (7 patients, 9.2%) and mycophenolate 
mofetil (6 patients, 7.9%). Complete cessation of 
tacrolimus was required only in 4 patients (5.2%). 
This immunosuppressant therapy modification was 
comparable to a study conducted in UK by Neuberger 
et al.[37] Tweaking of immunosuppressive medication 
probably had a beneficial effect in improving the renal 
function in our patients as well. The number of patients 
with stage 3 renal dysfunction decreased from 72.4% 
to 51.3%, during follow up study period. This “stage 
migration” was reflected as an increase in the number 
of patients with stage 2 renal dysfunction from 22.4 
to 44.7%. McNemar test provided strong evidence 
that the dosage adjustment of immunosuppressants 
improved the renal function particularly for patients of 
stage 3 (P<0.05) kidney disease.

It is reassuring that stage 5 kidney disease, necessitating 
dialysis occurred only in 1 patient of our study (1.3%). 
It is likely that longer follow up may result in detection 
of more number of patients developing end stage renal 
disease following LDLT. In any case, in our study, 
there was no significant correlation between renal 
dysfunction and mortality. The 2 and 4 y survival rates 
were found to be 98.9 and 96.6% for patients without 
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renal dysfunction compared to 97.4 and 91.6% for those 
complicated by renal impairment. This finding contrasts 
with other research studies where renal dysfunction 
had a definite negative impact on survival. In a study 
conducted in Japan, 1, 5 and 10 y survival rates were 
96.7, 90.6 and 88.1%, respectively for patients without 
renal dysfunction and 71.1, 65.9 and 59.3% for those 
with renal dysfunction[29]. This difference in survival 
may be due to variation in selection criteria of our 
study subjects, which excluded mortalities occurring 
in the first three months of transplantation.

During the follow up period, worsening as well 
as improvement of renal function was observed in 
some patients. Being a retrospective study, precise 
aggravating or relieving factors affecting variation 
in renal function could not be clearly ascertained. 
Nevertheless factors such as infections, alteration of 
immunosuppressant dosage and glycaemia control 
could be possible explanations. 

Our study does have limitations, due to its retrospective 
and observational nature. Recently, cystatin C has 
been reported as a better representative marker of 
renal function[38] than creatinine used in our study. 
Additionally, the histological diagnosis of renal 
dysfunction by renal biopsy in appropriate cases might 
have given more valuable information. 

Renal dysfunction occurred in 46 (34.6%) patients 
following LDLT. Various risk factors for occurrence 
of renal dysfunction following LDLT were identified. 
Patients with such risk factors for development of 
renal impairment should be counseled regarding 
this complication, which may occur after successful 
transplant surgery. Additionally our study has 
stressed the importance of maintaining lower levels 
of tacrolimus to protect the kidneys. Nevertheless, 
physicians should be cautious that whilst maintaining 
lower levels of tacrolimus, there could be concomitant 
increase in rejection. Therefore for patients who are 
deemed to be at high risk of post-transplant renal 
dysfunction, maintaining low tacrolimus levels along 
with addition of non-nephrotoxic immunosuppressants 
like everolimus, azathioprine and mycophenolate 
mofetil may be a worthwhile strategy for preserving 
long term graft function. However properly conducted 
randomized trials are necessary to substantiate this 
conjecture.
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