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Hepatic encephalopathy and post-transplant hyponatremia
predict early calcineurin inhibitor-induced neurotoxicity
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Domingo Balderramo,1 Jhon Prieto,2 Andrés Cárdenas1 and Miquel Navasa2

1 Gastroenterology Unit, Institut de Malalties Digestives i Metaboliques, Hospital Clı́nic, University of Barcelona, Barcelona, Spain

2 Liver Unit, Institut de Malalties Digestives i Metaboliques, Hospital Clı́nic, University of Barcelona, Barcelona, Spain

Introduction

Early complications after liver transplantation (LT)

remain a significant cause of morbidity and mortality in a

subset of recipients [1,2]. The central nervous system

which may be functionally and morphologically altered in

patients with cirrhosis is vulnerable to perioperative

insults as well as prone to toxicity of immunosuppressive

agents [3]. Adverse neurological events, most of them

occurring within the first month after LT, may occur in

up to 40% patients [4–6]. In this context, neurotoxicity

because of calcineurin inhibitors (CNI) is thought to play

an important role in the pathogenesis of these neurologi-

cal events [4,6]. CNI-induced neurotoxicity occurs more

commonly in liver recipients than in other solid-organ

transplant recipients [5,7–9].

Early calcineurin inhibitor-induced neurotoxicity (EC-

IIN) is defined as adverse neurological events that occur

within 4 weeks after LT [10]. This condition may develop

in up to 28% of LT recipients within the first 4 weeks

[10]. The majority of patients develop severe manifesta-

tions such as altered mental status, seizures, or focal neu-

rological deficits [5,7,10]. ECIIN management requires

CNI withdrawal or dose modification, a measure that

may alter post-transplant outcome because of the risk of

allograft rejection and infections. In addition, it impairs

quality of life and many of its symptoms may persist

after CNI conversion [10]. There is scarce data on the
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Summary

Early calcineurin inhibitor-induced neurotoxicity (ECIIN) is considered when

neurological symptoms occur within 4 weeks after liver transplantation (LT).

Risk factors and clinical outcome of ECIIN remain largely unknown. We

sought to estimate the incidence, risk factors, and outcome of ECIIN after LT.

We retrospectively evaluated 158 patients that underwent LT in a 2-year period

and received immunosuppression with calcineurin inhibitors (CNI) and pred-

nisone. ECIIN was considered when moderate/severe neurological events (after

excluding other etiologies) occurred within 4 weeks after LT and improved

after modification of CNI. Demographic and clinical variables were analyzed as

risk factors. Twenty-eight (18%) patients developed ECIIN and the remaining

130 patients were analyzed as controls. History of pre-LT hepatic encephalopa-

thy (OR 3.16, 95% CI 1.29–7.75, P = 0.012), post-LT hyponatremia (OR 3.34,

95% CI 1.38–9.85, P = 0.028), and surgical time >7 h (OR 2.62, 95% CI 1.07–

6.41, P = 0.035) were independent factors for ECIIN. Acute graft rejection and

infections were more frequent in the ECIIN group. In addition, length of stay

was longer in ECIIN patients. In conclusion, pre-LT hepatic encephalopathy,

surgical time >7 h, and post-LT hyponatremia are risk factors for ECIIN. Clini-

cal complications and a longer hospital stay are associated with ECIIN develop-

ment.
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incidence, risk factors, and clinical course of ECIIN after

LT [10,11]. Thus, adequate identification of these factors

may help to prevent and to minimize the risks and com-

plications in patients with LT [8]. The aim of this study

was to assess the incidence and risk factors associated

with ECIIN as well as the clinical outcome after LT.

Methods

Study patients and controls

We retrospectively evaluated 167 consecutive patients that

underwent LT at our institution between January 2006

and December 2007. Patients that died within 2 weeks

after LT (n = 5) and those who underwent simultaneous

liver–kidney transplantation (n = 4) were excluded.

Therefore, data on 158 patients were analyzed. The study

protocol was approved by the Institutional Review Board

of our hospital.

Early calcineurin inhibitor-induced neurotoxicity was

defined as previously described [8,10]. This definition was

considered when moderate or severe neurological events

(visual disturbance, altered level of consciousness, confu-

sion, psychosis, seizure, leukoencephalopathy, and/or

coma) appeared in the absence of central pontine myelin-

olysis, central nervous system infection, stroke, or hemor-

rhage within the first 4 weeks after LT and symptoms

improved after dose modification of CNI therapy [8,10].

A cohort (n = 130) of patients from the same time period

without neurological complications within 3 months after

LT was analyzed as a control group.

Data collection

Prespecified data were collected from hospital records and

our transplantation database where pretransplant, periop-

erative, and post-transplant data for every liver transplant

is prospectively included. Pre, peri, and post-transplant

variables were analyzed as risk factors of ECIIN. Pretrans-

plant variables included age, gender, underlying liver dis-

ease, Model for End-stage Liver Disease (MELD) score,

retransplantation, serum creatinine, serum sodium, and

previous history of hepatic encephalopathy (HE). History

of HE was considered if patients had at least one episode

of HE (grade 2 or more, West-Haven criteria) before

transplantation. Perioperative variables included cold

ischemia time, duration of surgery, and need for reopera-

tion within 4 weeks after the LT. Postoperative variables

included type of CNI, serum creatinine, serum magne-

sium, serum cholesterol, and serum sodium. Serum levels

of magnesium, total cholesterol, glucose, bilirubin, and

ALT were evaluated at diagnosis in the ECIIN group and

between 7 and 10 days (mean value) after LT in the con-

trol group. Median serum sodium levels within 7 days

after LT were estimated in both groups. Hyponatremia in

the pre and postoperative periods was defined as serum

sodium concentration lower than 130 mEq/l [12,13]. Sim-

ilarly, median values of serum creatinine within 7 days

after LT were used to estimate the kidney function in the

early postoperative period. Renal insufficiency was consid-

ered when median values of serum creatinine were

>1.5 mg/dl [14]. The rate and type of infections, acute

graft rejection, need for boluses of steroids, length of hos-

pital stay, and mortality between the ECIIN group and

the control group were also collected. Acute graft rejec-

tion was evaluated on the basis of Banff criteria [15].

Moderate and severe graft rejections were treated with 1 g

of methylprednisolone three times daily intravenously. All

patients were followed after LT until the last outpatient

visit or death.

Immunosuppression protocol

Standard immunosuppression in our center included

administration of tacrolimus or cyclosporine and predni-

sone. All patients received methylprednisolone (500 mg

intravenously before the surgery and after graft reperfu-

sion) followed by a daily taper from 200 mg to 20 mg of

prednisone over 5 days. This dose was maintained until

1 month after transplantation. If there were no signs of

graft rejection, prednisone was then tapered progressively

and stopped within 6–12 months after transplantation.

Tacrolimus was started the first day after transplantation

at a dose of 0.1 mg/kg/day and then adjusted to maintain

blood levels between 8 and 15 ng/ml within the first

3 months. Cyclosporine was started at 10 mg/kg/day to

achieve blood levels between 150 and 300 ng/ml during

the first 3 months. In patients with serum creatinine lev-

els ‡1.7 mg/dl before transplantation, tacrolimus or cyclo-

sporine administration was delayed until a reduction in

serum creatinine below 1.5 mg/dl was observed. In the

meantime, patients were treated with prednisone and

mycophenolate mofetil at a dose of 1 g/12 h.

Prophylaxis for infections

All patients received a preoperative intravenous dose of

2 g of ceftazidime plus 400 mg of teicoplanin. Oral tri-

methoprim-sulfamethoxazole (160/800 mg) was adminis-

tered every 48 h during the first year after transplantation

as prophylaxis for Pneumocistis jiroveci. Daily oral nystatin

suspension was administrated during the first 3 months.

In patients with a donor–recipient cytomegalovirus

(CMV) serology mismatch (D+/R)), anti-viral prophy-

laxis with valganciclovir (900 mg/day) was maintained for

12 weeks. The CMV infection was monitored weekly by

means of pp65 anti-genemia from week 2 to week 8 after
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LT and twice monthly until the fourth month post-trans-

plantation.

Evaluation and management of ECIIN

An electroencephalogram (EEG), brain computerized

tomography (CT), or magnetic resonance imaging (MRI)

was performed in patients who presented seizures or a

rapid change in mental status. All patients underwent a

detailed history/physical exam and a spinal tap as part

of the work up. In these patients, CNI were discontin-

ued and replaced by oral mycophenolate mofetil. CNI

were restarted after 48–72 h of the resolution of the epi-

sode. Anti-epileptic drugs were administered after any

seizures and were continued for 6–12 months. In the

remaining patients who developed other moderate/severe

neurological symptoms, CT scan or MRI were performed

and the dose of CNI was reduced by 50% or held for

12–24 h.

Infections

The following infections were considered: bloodstream

infections, pneumonia (upper respiratory tract infections

were excluded), deep surgical wound infections, febrile

urinary infections, and other infections requiring hospital

admission. CMV disease was defined according to the

guidelines proposed by Ljungman et al. [16]. CMV viral

syndrome was diagnosed when compatible clinical symp-

toms were present and evidence of CMV replication in

the blood was detected by the presence of a positive pp65

anti-genemia test. CMV end-organ disease was considered

only when a biopsied specimen revealed typical histopath-

ological findings of CMV infection and positive immuno-

histochemical staining. Fungal infections were defined

according to the EORTC/Mycosis Study Group [17].

Statistical analysis

Statistical analysis was performed using spss statistical

packages (version 15.0; SPSS, Inc., Chicago, IL, USA).

Continuous variables were summarized as means (and

SD) or medians (range), depending on their homo-

geneity. Categorical variables were compared using the

chi-square or the Fisher exact test when appropriate.

Continuous variables were compared using the Student’s

two-tailed t-test or Mann–Whitney U-test. Analysis of

factors independently associated with ECIIN was per-

formed using binary logistic regression that included

predictors with P < 0.10 in univariate analysis. The prob-

ability of remaining free of clinical complications with

90 days after LT for each group were calculated by using

the Kaplan–Meier method and compared by using the

log-rank test. Associations are given as odds ratio (OR)

with a confidence interval (CI) established at 95%. A

two-sided P-value <0.05 was considered to be significant.

Results

Twenty-eight (17.7%) of 158 patients developed ECIIN

after LT (ECIIN group). In the control group (n = 130),

none of the patients developed any neurological compli-

cations within 1 year after LT. The baseline characteristics

of both groups are outlined in Table 1. History of pre-LT

HE and pre-LT hyponatremia were more common in the

ECIIN group. In addition, patients from the ECIIN group

were older than controls, developed more post-LT hypo-

natremia and had a longer surgical time. Post-LT hypo-

natremia was more frequent in patients with pre-LT

hyponatremia (16/21, 72.2%) compared to normonatre-

mic patients (6/137, 4.4%) before LT (P < 0.0001). There

were no differences in serum creatinine levels at the time

of LT between both groups. Post-LT serum creatinine lev-

els >1.5 mg/dl were also similar between both groups.

The development of ECIIN was similar in patients taking

either CNI [tacrolimus: 20/115 (17.4%) vs. cyclosporine:

8/43 (18.6%), P = 0.85].

Clinical features and management of ECIIN

Altered mental status (stupor, coma, confusion, agitation,

and/or psychosis) was the main presentation of ECIIN in

17/28 (60%) patients. Seven patients (25%) developed

generalized seizures. Other presentations were aphasia

(one patient), dysarthria (one patient), visual disturbance

(one patient), and right hemiparesia (one patient). All

patients with altered mental status and three patients with

seizures had concomitant tremor. Mean time between LT

and the diagnosis of ECIIN was 7.5 days (range:

1–26 days). Seizures developed sooner after LT than other

presentations (5.4 vs. 8.1 days, P = 0.29). High CNI levels

(tacrolimus >15 ng/ml; cyclosporine >300 ng/ml) were

present in 6/28 (21.5%) patients at the time of ECIIN

diagnosis and altered mental status was the main presen-

tation in this subgroup of patients.

An EEG was performed in 21 (75%) patients and

radiological imaging of the brain was performed in 23

(82.1%) patients (CT: 19 patients; CT and MRI: four

patients). Two-thirds of patients (75%) had slow-wave

activity and none had any seizure activity on EEG. Radio-

logical studies were normal in 17/23 patients. Two

patients had signs of posterior leukoencephalopathy syn-

drome on CT and MRI. Small vessel disease and volume

loss were present in four patients. All patients with ECIIN

underwent at least one EEG, CT, or MRI. The remaining

18% of cases that did not have imaging were evaluated by
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the treating physicians and excluded on the basis of a

detailed history and physical exam and spinal tap.

The CNI dose reduction was prescribed in 13 patients

(46.4%) and in the remaining 15 patients (53.6%), CNI

was initially stopped and switched after the resolution of

the ECIIN. Patients with seizures received phenytoin.

There were no cases of new onset seizures after the switch

of CNI. Before and after the resolution of ECIIN, there

were no confirmed cases of stroke, hemorrhage, CNS

infection, or central pontine myelinolysis within 6 months

after LT.

Risk factors associated with ECIIN

In the univariate analysis, the preoperative risk factors

associated with the development of ECIIN were age of

recipient, history of pre-LT HE, and pre-LT hyponatremia

(Table 1). Surgical time >7 h was the only perioperative

factor associated with ECIIN. Finally, post-LT hyponatre-

mia was the only post-transplant variable associated with

ECIIN (ECIIN group 28.6% vs. control group 10.8%;

P = 0.014). The multivariate analysis included significant

variables in univariate analysis as well as alcoholic etiol-

ogy of liver disease, MELD score, post-LT serum creati-

nine >1.5 mg/dl, and post-LT hypomagnesemia and

hypocholesterolemia. In the analysis, history of pre-LT

HE, surgical time >7 h, and post-LT hyponatremia were

independent predictors of ECIIN (Table 2).

Clinical events after ECIIN development

The main clinical events occurring within 3 months after

LT in those that developed ECIIN are summarized in

Table 3. Patients in the ECIIN group had a twofold inci-

dence of acute graft rejection compared to the control

group. Furthermore, the incidence of severe graft rejec-

tion with a need of steroid bolus therapy was more fre-

quent in this group. The mean time of acute graft

rejection diagnosis was similar in both groups (ECIIN

group: 17.1 days vs. control group: 16.5 days, P = 0.91).

Table 1. Demographic, peri, and

postoperative variables in all patients

(n = 158). Variable

ECIIN group

(n = 28)

Control group

(n = 130) P-value

Recipient age (years), mean (SD) 57.4 (7.5) 52.8 (10.3) 0.025

Recipient gender (male), n (%) 18 (64.3) 88 (67.7) 0.73

Pre-LT MELD score, mean (SD) 16.3 (6.1) 14.9 (7.2) 0.34

Cause of transplantation

Chronic viral hepatitis, n (%) 13 (61.9) 42 (56.8) 0.67

Alcoholic cirrhosis, n (%) 5 (23.8) 10 (13.5) 0.31

FAP, n (%) 0 (0) 4 (5.4) 0.57

Fulminant hepatic failure, n (%) 1 (4.8) 8 (10.8) 0.68

Others, n (%) 2 (9.5) 10 (13.5) 0.99

Retransplantation, n (%) 2 (7.1) 12 (9.2) 0.99

History of hepatic encephalopathy, n (%) 16 (57.1) 37 (28.5) 0.004

Active hepatic encephalopathy at LT, n (%) 2 (7.1) 10 (7.3) 0.92

Pre-LT hyponatremia, n (%) 7 (25) 14 (10.8) 0.044

Serum creatinine at LT (mg/dl), mean (SD) 1.06 (0.37) 1.00 (0.38) 0.46

Type of donor

Cadaveric donor, n (%) 25 (89.2) 119 (91.5) 0.98

Nonbeating donor, n (%) 1 (3.6) 4 (3.1) 0.64

Living donor, n (%) 1 (3.6) 3 (2.3) 0.78

FAP recipient, n (%) 1 (3.6) 4 (3.1) 0.64

Cold ischemia time (h), mean (SD) 7.39 (2.33) 7.32 (2.26) 0.89

Surgical time (h), mean (SD) 6.97 (1.49) 6.73 (1.35) 0.42

Surgical time >7 h, n (%) 15 (53.6) 42 (32.3) 0.03

Post-LT hyponatremia, n (%) 8 (28.6) 14 (10.8) 0.014

Post-LT serum creatinine >1.5 mg/dl, n (%) 4 (14.3) 11 (8.5) 0.34

Post-LT hypomagnesemia, n (%) 10 (35.7) 65 (50) 0.17

Post-LT hypocholesterolemia, n (%) 21 (75) 93 (71.5) 0.71

Post-LT glucose (mg/dl), mean (SD) 125 (31) 122 (44) 0.86

Post-LT bilirubin (mg/dl), mean (SD) 3.91 (2.98) 4.18 (3.07) 0.84

Post-LT ALT (U/l), mean (SD) 389 (365) 276 (251) 0.41

Reoperation, n (%) 9 (32.1) 26 (20) 0.16

LT, liver transplantation; MELD, model for end-stage liver disease; FAP, familial amyloidotic poly-

neuropathy; h, hour.
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The rate of bacterial infections was significantly higher

in the ECIIN group (Table 3). This group had a higher

incidence of Staphylococcal (10 episodes/28 patients vs. 10

episodes/130 patients, P = 0.0001) and catheter-related

infections (9 episodes/28 patients vs. 8 episodes/130

patients, P = 0.0002) compared to those of the control

group. The isolation of other bacteria as well as the loca-

tion of other infections were similar in both groups. There

was no difference in CMV serology mismatch (D+/R))

between both groups (ECIIN group 7.1% vs. control

group 11.5%, P = 0.49). Although the incidence of CMV

viral syndrome was higher in patients with ECIIN, time

between LT and CMV viral syndrome and the incidence of

end-organ disease because of CMV were similar in both

groups (Table 3). Nonetheless, CMV viral syndrome was

more common in patients with acute rejection and ECIIN

compared to control patients with acute rejection (30.8%

vs. 0%, P = 0.035). Patients with ECIIN had a higher fre-

quency of postoperative fungal infections compared to

that in the control group (Table 3). In the ECIIN group

Candida spp. (respiratory tract infection, two episodes)

and Candida tropicalis (urinary tract infection, one epi-

sode) were isolated in three patients. The incidence of

invasive aspergillosis within 3 months after LT was similar

in both groups. Finally, the probability of remaining free

of clinical complications (acute graft rejection or infec-

tions) within 90 days after LT was lower in patients that

developed ECIIN (log rank P = 0.001) (Fig. 1).

Patients in the ECIIN group had a longer hospital stay

(median of 15 days longer) than the control group

(Table 3). There was no difference in mortality within

90 days after LT between both groups. Septic shock was

the cause of all deaths within 90 days after LT.

Table 2. Risk factors associated with

early calcineurin inhibitor-induced neuro-

toxicity (ECIIN) in the logistic regression

analysis.

Variable Crude OR (CI 95%) Adjusted OR (CI 95%) P-value

History of pre-LT HE 3.59 (1.52–8.49) 3.16 (1.29–7.75) 0.012

Post-LT hyponatremia 3.22 (1.18–9.29) 3.34 (1.38–9.85) 0.028

Surgical time >7 h 2.73 (1.06–7.05) 2.62 (1.07–6.41) 0.035

LT, liver transplantation; HE, hepatic encephalopathy.

Table 3. Clinical evolution within

90 days after liver transplantation (LT)

according to early calcineurin inhibitor-

induced neurotoxicity (ECIIN) develop-

ment.

Variable

ECIIN group

(n = 28)

Control group

(n = 130) P-value

Acute graft rejection, n (%) 13 (46.4) 29 (22.3) 0.009

Steroid bolus therapy*, n (%) 7 (25) 15 (11.5) 0.062

Bacterial infections, n (%) 15 (53.6) 30 (23.1) 0.001

CMV viral syndrome, n (%) 4 (14.3) 2 (1.5) 0.009

CMV end-organ disease, n (%) 4 (14.8) 9 (6.9) 0.24

Fungal infection, n (%) 5 (17.8) 2 (1.5) 0.002

Invasive aspergillosis, n (%) 2 (7.1) 2 (1.5) 0.14

ICU stay (days), mean (SD) 9.4 (16.4) 6.5 (9.2) 0.19

Hospital stay (days), mean (SD) 35.3 (27.78) 20.2 (12.1) 0.009

Death, n (%) 2 (7.1) 3 (2.3) 0.21

*Acute graft rejection with need of steroid bolus therapy (3 doses of methylprednisolone, 1 g/day).

CMV, cytomegalovirus; ICU, intensive care unit; ECIIN, early calcineurin inhibitor-induced neuro-

toxicity.
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Figure 1 Kaplan–Meier plot showing the 3 months probability of

remaining free of complications after liver transplantation (LT) in

patients with and without early calcineurin inhibitor-induced neurotox-

icity (ECIIN).
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Discussion

Neurotoxicity related to CNI use remains a common

problem after LT. Previous studies identified several risk

factors for CNI neurotoxicity which include age, MELD

score, high levels of CNI, ALT, bilirubin, creatinine, glu-

cose, hypocholesterolemia, and/or hypomagnesemia

[7,8,10,11]. In addition, one study identified the presence

of the polymorphism in the multidrug resistant ABCB1

gene as a risk factor for tacrolimus-induced neurotoxicity

[18]. That said, there is a lack of information that specifi-

cally identifies pre, peri, and post liver transplant risk fac-

tors for ECIIN. The results of this study demonstrate a

high frequency (18%) of moderate and severe neurotoxic-

ity related to CNI use within 4 weeks after LT. Novel sig-

nificant associations between post-LT hyponatremia and

prolonged surgical time and the development of ECIIN

are described. Furthermore, the present findings confirm

previous data regarding the relation between pre-LT HE

and neurotoxicity [10,11] and show that the development

of ECIIN is associated with early postoperative complica-

tions and a prolonged hospital stay.

Several studies previously demonstrated that pre-LT

HE is a significant predictor of neurological complica-

tions after LT [19–22]. However, there is little evidence

showing an association between pre-LT HE and CNI neu-

rotoxicity [10,23]. One study found a relationship

between pre-LT HE and mild manifestations of neurotox-

icity but failed to show an association with moderate or

severe neurological events [10]. Our findings indicate that

there is a significant association between pre-LT HE and

the development of ECIIN and that pre-LT HE increases

the risk of ECIIN by threefold. These findings indicate

that patients with HE, which are known to have func-

tional and morphological neurological changes, are at risk

of developing neurotoxicity likely because of alterations

in astrocyte function, disruption of the blood–brain bar-

rier, and neurotransmitter clearance, but this needs fur-

ther investigation [19]. In contrast with previous studies,

other preoperative factors such as age, etiology of liver

disease (i.e. alcohol-related liver disease), and high MELD

score were not found to be independent predictors of EC-

IIN [11,19,23–25].

Hyponatremia is a risk factor for the development of

HE in patients with advanced cirrhosis [26]. In addition,

patients that undergo LT with hyponatremia develop

more neurological complications, renal failure, and bacte-

rial infections during the first 30 days after transplant and

an increased 3-month mortality with respect to patients

without hyponatremia [13,20]. An important finding of

this study is that persistent hyponatremia during the first

week after LT clearly increased the risk of ECIIN. Of

note, this effect was independent of the presence of renal

insufficiency after LT. Interestingly, patients in whom

pre-LT hyponatremia was resolved early after LT showed

a similar rate of ECIIN than in patients without pre-LT

hyponatremia (20% vs. 15.3%). To our knowledge, the

association of post-LT hyponatremia and ECIIN has not

been previously reported. This indicates that the correc-

tion of perioperative hyponatremia might prevent the

development and complications associated with ECIIN.

Furthermore, new treatments for hyponatremia in cirrho-

sis with V2 receptor antagonists such as tolvaptan may

improve serum sodium levels in listed patients and

improve the outcome of patients that undergo LT with

low serum sodium levels.

A prolonged surgical period and development of ECIIN

have two possible explanations. First, longer periods of

surgery lead to a higher exposure to anesthetics, sedatives,

and analgesics which may trigger to neurological toxicity

of CNI. In addition, there is a higher degree of cytokine

release that may contribute to cerebral dysfunction, plac-

ing these patients at a higher risk of ECIIN [27]. Second,

previous data from other studies indicate that prolonged

surgical time is associated with several postoperative com-

plications [28]. In this specific analysis, the underlying

reason for this extended surgical time was not fully

explored. Furthermore, it may be possible that prolonged

surgical time could be a surrogate as these extended pro-

cedures are associated with a high rate of transfusion

requirements that in turn may impact on 1-year survival

rate of LT recipients [29]. Other studies have not demon-

strated an association between the duration of the opera-

tive procedure and neurological complications after LT

[10,21,22,30].

The cohort of patients with ECIIN in this study had a

higher incidence of early postoperative complications and

a prolonged hospital stay. Patients with ECIIN presented

a twofold incidence of acute graft rejection and a higher

proportion of severe graft rejection compared to controls.

This higher incidence of acute graft rejection in patients

with neurotoxicity because of CNI was reported by other

investigators [10,31]. Bacterial, viral, and fungal infections

within 90 days after LT were also more frequent in

patients with ECIIN. This association of ECIIN and a

higher rate of infections within 3 months of LT have not

been previously reported. In addition, we found a rela-

tionship between ECIIN, acute graft rejection, and CMV

viral syndrome which could be explained by the modifica-

tion of immunosuppression in those with ECIIN. Patients

with ECIIN presented a longer hospital stay than controls

(35 vs. 20 days) which confirms results from previous

studies in patients with early neurological complications

after LT [32].

There are some limitations in the current study.

First, this is a retrospective analysis of patients in one
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high volume center which does not represent the true fre-

quency of unwanted effects in clinical practice. Second,

the adequate collection data was the subject of an appro-

priate recognition and documentation of events by the

transplant and intensive care specialists. Although patients

were closely followed, subtle neurological changes that

might have required modifications of CNI therapy could

have gone unnoticed.

In conclusion, a history of pretransplant HE, the pres-

ence of hyponatremia within the first week after LT, and

a long operative time are predictive factors for ECIIN

development. The findings of this study indicate that

early management of patients after LT mandates a strict

control of serum sodium levels and prevention of hypo-

natremia particularly in those patients with previous epi-

sodes of HE and a prolonged surgical operation. Likewise

changes of immunosuppression after ECIIN should be

judiciously implemented, particularly in patients with

altered mental status, to avoid abrupt modifications of

immunosuppression that may lead to acute graft rejection

and infections. ECIIN is associated with important clini-

cal complications in the early period of LT such as acute

graft rejection and infections, and a longer hospital stay.

Further studies are needed to confirm these results and

identify LT recipients at risk for CNI neurotoxicity.
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