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Background: Neurological complications (NC) after liver transplantation (LT) are frequent, appearing in
up to 60% of patients. Etiology is often related to immunosuppressant neurotoxicity and opportunistic
infections. The use of basiliximab allows for less toxic immunosuppressive therapies. The aim of this study
was to evaluate the neurological complications present during the first 30 days after LT and to evaluate its
relationship with renal function, immunosuppressive therapy, and mortality.

Methods: A total of 231 recipients were included in the retrospective, longitudinal, and nonrandomized
study under 2 different immunosuppression protocols (with -group B- or without basiliximab -group A-).
Results: NC were present in 14.3% of patients (n: 33), the average age of these patients was 55.4 years. The
incidence of NC was significantly higher in group A than in group B (19.5% vs. 9.3% p <0.05), with no
differences in the incidence of infection or rejection between both groups. The incidence of acute renal
failure, the need for renal replacement therapy, the days of admission to the ICU, the days of hospital
admission, as well as mortality during admission and one year after LT were higher among patients with
NC. However, when analyzing patients with a neurological complication, patients in group A had a higher
incidence of complications than in group B.

Conclusion: The use of immunosuppressive therapies that apply lower doses of anticalcineurinics and with
a later onset, classically called nephroprotective as used in group B, could also be neuroprotective, reducing
the appearance of neurological complications and, therefore, morbidity. These findings most be verified in
studies with a larger number of patients and randomized.
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opportunistic germs, approximately 13% to 60% of liver transplant (LT)

Introduction

Post-transplant neurological complications (NC) have a multiple
etiology, and clinically range from mild to life-threatening symptoms.
Most common complications include seizures and encephalopathy, and
occurrence of central pontine myelinolysis is relatively specific for liver
transplant recipients [1]. Its incidence is not well established, given the
wide variety of pathologies they cover. Etiology is often related to
immunosuppressant neurotoxicity and opportunistic infections. Despite
improvements in immunosuppressive therapy, prophylaxis against

recipients have been described as suffering from neurological disorders
[2-5]. The delayed use and at lower doses of the anticalcineurinic as an
immunosuppressive strategy to minimize postoperative renal damage
through immunosuppressive induction with anti-CD25 drugs, such as
Basiliximab, may provide improvements in terms of reduction of
neurological complications after LT.

The outcome of LT is usually not affected by neurologic complications,
but additional morbidity may delay post-transplant recovery [2].
Knowledge of the potentially modifiable risk factors associated with NC
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can have a high impact on the quality of life and survival of these
patients.

The aim of this study was to evaluate the neurological complications
present during the first 30 days after liver transplantation and to assess
its relationship with immunosuppressive therapy, kidney function, and
mortality.

Patients and Methods

Two hundred sixty-five consecutive adult liver transplantation were
performed at the Ramén y Cajal Hospital, from August 2007 to
December 2014. Two hundred thirty-one recipients were included in the
retrospective, longitudinal and nonrandomized study. We therefore
excluded: suffer from chronic kidney disease with baseline serum
creatinine >3 mg/dL, or requirement for renal replacement therapy
(RRT); no patient who underwent a simultaneous liver and kidney
transplant was included; re-transplanted patients (during de first ten days
following the LT) and deceased patients the first ten days after LT. Two
immunosuppression groups were established:
Group A: Methylprednisolone (5mg/kg V) was administered
intraoperatively followed by 20mg/day IV administration post-
transplantation during 3 weeks and gradually tapered to oral
prednisone. Oral tacrolimus (0,10-0,15mg/kg/day) was started
within 24 hours postoperatively.
Group B: Methylprednisolone (same doses than A group),
basiliximab (Novartis Pharma AG, Basle, Switzerland) 20mg was
administered 6 hours after portal vein reperfusion. Tacrolimus
administration was delayed until third day after surgery
(0,10mg/kg/day), and mycophenolate mofetil (CellCept, Roche,
Humacao, Puerto Rico) was administered postoperatively with a
starting dose of 1000mg each 12 hours.

Neurological complications were recorded during the first 30 days after
LT. When a patient presented more than one complication, only the most
serious was recorded. All deaths were collected during the first year
posttransplant. To determine the risk factors related to renal
insufficiency and mortality, preoperative, intraoperative, and
postoperative variables were evaluated. Among these, central nervous
system complications.

Clinical and biological data were retrospectively gathered from a
database. The following parameters were analysed: donor and recipient
demographics data, underlying liver disease, Child-Pugh and Model for
End Stage Liver Disease (MELD) scores, cold ischemia time, the
development of intraoperative reperfusion syndrome, portocaval shunt,
requirements for vasopressors and posttransplant transfusions,
posttransplant liver and renal function (estimated by KDIGO system),
RRT, postoperative complication (arterial, biliary), central nervous
system complications, the lengths of admission to the intensive care unit
and to the hospital [6]. Renal insufficiency was assessed the first ten days
after LT and Mortality at the time of discharge and during the first year
after transplantation.
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Statistical Analyses

Statistical comparisons between patients alive in the first year with those
who do not were undertaken. Pearson’s, Chi-cuadrado or Fisher’s exact
test were used for categorical data. Student’s t-test or Mann-Whitney U
test were used for quantitative data. Normality assessed with the
Kolmogorov-Smirnov test. A multivariate analysis of estimated logistic
regression was carried out. Differences were considered to be
statistically significant when p was <0.05. Analyses were undertaken
using the statistical package SPSS 18 (SPSS Inc, Chicago, IL, USA).

Results

231 patients, 179 men and 52 women, aged between 27 and 68 years,
were transplanted, the mean age being 53.3 + 8.7 years. 41.6% had
hepatic encephalopathy (n: 96) at the time of transplantation and 12.1%
had hepatorenal syndrome. According to the immunosuppressive
regimen used, already described, group A consisted of 113 patients and
group B 118, without significant differences in the preoperative
variables between hoth treatment groups, as well as, in the appearance
of post-transplant infection (38.9% vs. 29.7%) and in the incidence of
acute rejection, being significantly lower in group B (37.2% vs. 17.9% p
0.001).

The overall incidence of acute renal failure was 59.8% (138 patients),
present in 70.8% of patients in group A and in 49.2% in group B, this
difference showed statistical significance. Requiring renal replacement
therapy 17.3% of the general population. The overall stay in days in the
intensive care unit was 6.6 + 8.7 and the days of hospital admission were
28.6 +28.1. The overall annual survival was 85.2% (197 patients), with
mortality during admission being 6.5% and at one year 14.3%.

Table 1: Characteristics of patients in the global study population
compared to patients with neurological complications.

Characteristics of patients Global Patients with

population  NC

(n: 231) (n: 33)
Age (years) 53,3 55,4
Male sex (%) 77,8 72,8
Indication for LT due to tumor (%) 45,9 42,2
History of hepatic encephalopathy (%) 41,6 75,8
History of hepatorenal syndrome (%) 12,1 18,1
Acute kidney failure after LT (%) 59,8 81,8
Need for RRT (%) 17,3 48,5
Days of admission to the ICU 6,6 +/- 8,7 14,8
Hospital discharge (days) 28,6 +/- 28,1 48
Mortality during admission (%) 6,5 9
Mortality one year after LT (%) 14,3 21,2

ICU: Intensive Care Unit; LT: Liver Transplantation; NC: Neurological
Complication; RRT: Renal Replacement Therapy.

Neurological complications occurred in 14.3% of patients (n: 33), the
average age was 55.4 years with a range of 38-68 years. The most
frequent indication for liver transplantation was tumor in 42.2%, as
happened when the entire study population was analysed. Furthermore,
75.8% of them had hepatic encephalopathy and 18.1% hepatorenal
syndrome (Table 1).

Volume 3(2): 2-5



Neurological Complications after Liver Transplantation According to Immunosuppressive Therapy 3

The NC consisted of a wide group of pathologies such as: low level of
consciousness, confusion, encephalopathy, seizures, tremor, dysarthria,
myoclonus, transient hemiparesis, polyneuropathy of the critically ill
patient, agitation, right parietal stroke and left frontal, Cerebellar and
basal ganglia haemorrhage, behavioural abnormality, central pontine
myelinolysis and subdural hematoma. Some patients had more than one
neurological complication concomitantly. They are presented in (Table
2), according to treatment groups.

Table 2: Central Nervous System Complications.

Presentation Group A GroupB
Low level of consciousness
Confusional syndrome
Encephalopathy

Seizures

Tremor

Dysarthria

Myoclonus

Transient hemiparesis

Critical patient polyneuropathy

Agitation

Right parietal stroke, left frontal
Cerebellar and basal ganglia haemorrhage
Behavioural abnormality

Central pontine myelinolysis

Subdural hematoma 1

Total 22 (19,5%) 11 (9,3%)

OO0 |0, |00, N OIW(N |-

olr|lkr|lkR|(FP|IOR|FPR|IRLR|IFR|O|lW|(F|w|N

On the other hand, posttransplant acute renal failure had an incidence of

81.8% among this group of patients, with the need for renal replacement

therapy in 48.5% of them. The average of his ICU stay was 14.8 days

with a range of 3-59 days and his hospital stay was 48 days (range 16-

167 days). Regarding hospital mortality, it was 9% and one year after

liver transplantation, 21.2%, in both cases higher than the global study

population (Table 1). Next, we present an analysis of neurological
complications in relation to:

i Preoperative kidney function: Among the patients who did not
present pre-transplant acute renal failure, there were significant
differences in the appearance of NC of group A with respect to
group B (group A 18.3% vs. group B 8% p<0.05). However,
when analysing patients with acute kidney failure before liver
transplantation, there were no significant differences by
treatment group (group A 21.3% vs. group B 17.2% p >0.05).

ii. Immunosuppressive treatment: The incidence of NC by
treatment groups was significantly higher in group A than in
group B (19.5% vs. 9.3% p <0.05) as can be seen in detail in
(Table 3). Some of the NC were dose-dependent on tacrolimus
and, as previously stated, were more frequently present in
patients in group A.

iii. Analysis as a risk factor in postoperative kidney function: NC
was a risk factor in the univariate analysis for the development
of post-transplant acute renal failure (OR: 3.5, 95% CI 1.4-8.9,
p 0.005), but it was not significant in the multivariate analysis
(Table 4).

iv. Survival and mortality: Among the patients with a survival
greater than 1 year, there were no significant differences in the
appearance of NC between treatment groups (14.9% vs. 8.7%
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p>0.05). Nor was there when analysing the patients who died
during the first year after transplantation according to treatment
groups (42.1% vs. 13.3% p>0.05).

V. Analysis as a risk factor for mortality one year after transplant:
NC was found to be a significant risk factor for mortality in the
univariate analysis but not in the multivariate analysis (OR: 3.2,
Cl: 1.3-7.4, p 0.014) (Table 4).

Table 3: Central Nervous System Complications according to treatment
groups.

Factors Group A GroupB p
N (%) N (%)
Patients without preoperative renal failure 15(18.3) 8(8) <0.05
Patients with preoperative renal failure ~ 17(21.3) 10(17.2) n.s

Immunosuppressive therapy 22(19.5) 11(9.3) <0.05
Patients alive 1 year after LT 14(14.9)  9(8.7) n.s
Patients dead 1 year after LT 8(42.1) 2(13.3) ns

Cl: Confidence Interval; LT: Liver Transplantation; OR: Odds Ratio;
n.s: nonsignificant.

Table 4: Factors related to Central Nervous System Complications:
Univariate Analysis.

Factors Present  Absent P OR CI
n/N n/N 95%
Renal insufficiency 27/33  111/198 0.005 3.5 1.4-8.9

Mortality one year after LT ~ 10/33 24/198 <0.05 3.2 1.3-74

Cl: Confidence Interval; LT: Liver Transplantation; n: patient with or
without the factor; N: total patients with or without Central Nervous
System Complication; OR: odds ratio.

Discussion

The incidence of neurological complications occurs in 13-60% of liver
allograft recipients [2-5]. We reported in the present study that the
occurrence rate of neurological complications after LT was 14,3%
(33/231), including low level of consciousness, confusion,
encephalopathy, seizures, tremor, dysarthria, myoclonus, transient
hemiparesis, polyneuropathy of the critically ill patient, agitation, right
parietal stroke and left frontal, Cerebellar and basal ganglia
haemorrhage, behavioural abnormality, central pontine myelinolysis
(CPM) and subdural hematoma. The results were similar with the report
by Li et al. showing that the occurrence rate of NC after LT was 12,2%
(54/474) [4]. Central pontine myelinolysis has been reported to have an
unfavourable prognosis, which is the main cause of early death in
patients [7]. In our case, there was only one case of CMP with a 10-year
survival after liver transplantation, although with neurological sequelae
(cerebellar ataxia and polyneuropathy). It is interesting to note that
patients transplanted from a living donor liver have a lower incidence of
neurological complications than patients transplanted with a cadaver
donor (20.4% vs. 26.7%, respectively). This cannot be verified in our
study because the LT was always carried out from a cadaver donor [8].

Some studies suggest that neurological complications may be related to
the high rate of preoperative hepatic encephalopathy associated with an
unfavourable clinical condition (malnutrition, pre-transplant kidney
dysfunction, hyponatremia, coagulopathy, etc.) [9, 10]. In our study, the
antecedents of hepatic encephalopathy and hepatorenal syndrome before
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LT were more frequent in the group of patients who developed a
neurological complication than in the general study population (41.6%
Vs 75.8% and 12.1% vs 18.1%, respectively).

As well as the development of acute renal failure, the need for renal
replacement therapy were more frequent in this group of patients. Also,
the average number of days of admission to the ICU and the hospital,
mortality during admission and one year after transplantation were also
higher (Table 1). One of the possible explanations for these findings, is
that the patients who developed a neurological complication, were in a
serious condition and their appearance was a consequence and not a
cause of that severity.

The patients were divided according to the immunosuppressive
treatment into two groups (group A: higher doses of anticalcineurinic vs
group B: delayed introduction and at lower doses of the anticalcineurinic
associated with basiliximab), there were no significant differences in the
preoperative variables between both groups. However, when we
compared the appearance of NC according to the treatment group, these
were more frequent in group A than in group B (19.5% vs. 9.3% p
<0.05). Aswell as the appearance of complications among patients with
NC were greater in group A than in group B, some significantly (Table
3).

Among the significant results, the higher incidence of neurological
complication in patients with normal pre-transplant kidney function
compared to those with renal dysfunction may be due to the fact that,
among these patients, anticalcineurinic treatment was at a lower dose,
even in patients belonging to group A (without basiliximab). As
happened according to the immunosuppressive treatment. One of the
causes described in the appearance of neurological complications is the
use of anticalcineurinics, with neurotoxicity being a frequent side effect
of anticalcineurinics [11]. Immunosuppression in the transplant patient
is in a delicate balance between toxicity and rejection. In this sense, small
doses can be ineffective in avoiding rejection and high doses can be
harmful by producing toxic effects. In both cases, the viability of the
graft and the life of the patient are compromised. In our study, there were
no significant differences in the appearance of postoperative infections
between both groups and with a significantly lower incidence of acute
rejection in group B.

The mechanism by which the anticalcineurinic affects the central
nervous system seems to be related to disorders of natremia control in
the immediate postoperative period, due to a poorly understood
metabolic mechanism. It presents as a generalized motor disorder that
almost always affects the language area, in the form of motor aphasia,
and may even leave motor and language sequelae. Withdrawal or
decrease of anticalcineurinic improves the clinical picture. On the other
hand, tremor due to calcineurin inhibitors is frequent, especially with
tacrolimus, but it is not serious and usually reverses with time and dose
reduction [12, 13].

In another order of ideal, the appearance of a neurological complication
was an independent risk factor associated with the development of post-
transplant acute renal failure and one-year mortality, increasing its risk
by 3.5 and 3.2 times, respectively, in the univariate analysis, which
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cannot be confirmed in multivariate analysis. These findings coincide
with some authors, although not unanimously [14, 15].

From our study, we deduced that the use of immunosuppressive
therapies that apply lower doses of anticalcineurinics and with a later
onset, classically called nephroprotective as used in group B, could also
be neuroprotective, reducing the appearance of neurological
complications and, therefore, morbidity. These findings should be
verified in studies with a larger number of patients and randomized.
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