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Background: Tacrolimus is a calcineurin inhibitor (CNI) commonly used as an immunosuppressant to prevent the rejection
of organ transplants. After liver transplantation, it can cause early neurological complications, known as early
calcineurin inhibitor-induced neurotoxicity (ECIIN). Its management requires CNI withdrawal, a measure that
can affect post-transplant outcomes, primarily allograft rejection. In addition, it can negatively impact the qual-
ity of life. The incidence and risk factor of ECIIN has not been reported in the Saudi population. We investigat-
ed the incidence and risk factors of ECIIN after liver transplant in Saudi patients. We also looked at the length
of stay in the Intensive Care Unit, hospital, and 30-day mortality as secondary endpoints.

Material/Methods: This was a retrospective cohort study of adult patients on tacrolimus with mild, moderate, or severe neurolog-
ical events within the first month after liver transplantation at a single center of patients who meet the inclu-
sion criteria and were over age 14 years. A total of 338 patients were included in the analysis, and the sample
size was calculated based on a pilot study.

Results: Among 338 liver transplantation patients, 63 patients (19%) developed ECIIN. Forty-eight percent of patients had
seizures, 23% had agitation, 21% had psychosis, 10% had severe tremors, 13% had confusion, and 6% devel-
oped coma. The median time of the incident to develop ECIIN was 9 (IQR: 5-13.5) days after transplant. Thirty-
eight patients were managed by switching to cyclosporine, 12 required a reduction in the dose, and 3 were
managed temporarily by discontinuing therapy. Autoimmune hepatitis as an underlying liver disease was one
of the statistically significant risk factors (P=0.0311). The median length of hospital stay was 31 (IQR: 21-75.5)
days, ICU length of stay was 10 (IQR: 5-20.5) days, and 8 patients died within 30 days after transplant.

Conclusions: The incidence of ECIIN in Saud Arabia was similar to that reported in other populations with similar risk fac-
tors. Electrolyte imbalance, mainly hyponatremia, was significantly associated with developing ECIIN. Therefore,
ECIIN may potentially increase hospital and ICU length of stay.
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Background

Calcineurin inhibitors (CNI) are commonly used to prevent the
rejection of organ transplants. The introduction of CNI trans-
formed post-transplantation immunosuppressant therapy in
the 1980s. Tacrolimus is the preferred CNI in orthotopic liver
transplantation (OLT). It inhibits calcineurin phosphatase activ-
ity, which produces a potent inhibitory effect on T-lymphocyte
activation. Tacrolimus has a narrow therapeutic index; subther-
apeutic trough levels can lead to graft rejection [1,2].

Early post-liver transplantation (LT) complications remain a
significant cause of morbidity and mortality. Early calcineurin
inhibitor-induced neurotoxicity (ECIIN) occurs more frequent-
ly in LT recipients than in any other solid-organ transplant. It
also significantly impacts OLT, worsening quality of life and
lengthening hospital stay. ECIIN is suspected when neurologi-
cal symptoms develop within the first 4 weeks after OLT [3-5].

Calcineurin inhibitors were linked for the first time with a
neurotoxic effect in the mid-1990s. These included reversible
headaches, vision loss, altered mental status, and seizures as-
sociated with computed tomography scans (CT) and magnetic
resonance imaging (MRI) abnormalities [6]. Adverse neurolog-
ical events in the literature range from 8% to 70%. The reason
for the wide range is that multiple factors could be involved
in the development of ECIIN, in addition to the great hetero-
geneity among different reports [7,8]. Clinical manifestations
range from mild tremor to severe syndrome defined by con-
fusion, agitation, altered level of consciousness, seizure, psy-
chosis, focal symptoms, coma, or leukoencephalopathy, in the
absence of other neurologic predisposing causes [9].

ECIIN is considered the most frequent adverse event leading
to dose modification of the immunosuppressive regimen [10].
ECIIN can lead to allograft rejection and infections since man-
aging such adverse effects requires adjusting doses or, in some
cases, withdrawing CNI. In addition, it can negatively impact
the quality of life, and many of its complications persist even
after CNI conversion [4,5].

The ECIIN pathological pathway is still poorly understood.
Tacrolimus-induced neurotoxicity is diagnosed by eliminat-
ing other possible causes. However, neurological symptoms
can occur despite appropriate tacrolimus doses or blood lev-
els [11]. For the first time, in 2019, ECIIN was linked to multi-
ple risk factors such as previous hepatic encephalopathy, pre-
LT sodium, and donor age. Older donor graft with impaired
CNI metabolism was proposed to influence neurotoxicity de-
velopment [12]. Surgical duration >7 h and post-LT hypona-
tremia have also been reported as risk factors for ECIIN [5].
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Several medications can predispose to neurological symptoms
in this patient population, including propofol, carbapenems,
and linezolid. For such medications, balancing the need for the
drug against the potential neurological risk is required when
given concurrently with tacrolimus [13]. Additionally, sepsis
was linked to neuroinflammation and was suggested to induce
immunosuppression by various mechanisms; however, it has
never been proven to be a risk factor for developing ECIIN [14].

Tacrolimus metabolism is affected by multiple factors, includ-
ing patient genetic variation. Tacrolimus is metabolized pre-
dominantly by the CYP3A4 enzyme and to a lesser extent by
CYP3AG5. Patients who express CYP3A5 have at least 1 wild-type
allele, and their metabolite production pattern differs from that
of non-expressers. The distribution of the CYP3A5*1 wild-type
allele varies among races. It is distributed in 45-73% of African
Americans, 25% of Mexicans, 15-35% of Asians, and 5-15%
of Whites. This may affect the dosing of tacrolimus required
to ensure optimal efficacy and minimize adverse effects [15].

Current evidence suggests a similar frequency of CYP450 be-
tween the Kingdom of Saudi Arabia (KSA) and European pop-
ulations [16].

Although neurological complications of calcineurin inhibitors
are known, studies in the Saudi post-LT population are not
yet available. Therefore, this study aimed to identify the inci-
dence and risk factors of tacrolimus-induced neurotoxicity in
Saudi patients early after LT.

Material and Methods

This study was performed in accordance with the Declaration
of Helsinki and was approved by the Research Advisory Council
(RAC) of King Faisal Specialist Hospital and Research Centre
(KFSH&RC), approval reference number ORA/0276/36. The IRB
did not require informed consent as this was not an interven-
tional study, and an exemption was granted.

A retrospective cohort study was conducted of all adult pa-
tients who underwent LT at KFSH&RC over the last 14 years.
The study included patients with mild, moderate, or severe
neurological events (visual disturbance, altered level of con-
sciousness, confusion, psychosis, seizure, leukoencephalopa-
thy, and coma) that appeared in the absence of a neurologic
lesion, central nervous system infection, stroke, or hemorrhage
within the first month after LT and symptoms improved af-
ter holding tacrolimus or switching to cyclosporine. Exclusion
criteria were younger than 18 years of age, on cyclosporin,
previous history of seizures, currently on antiepileptics, neu-
ro-Wilson’s disease, primary non-function, or patients under-
going transplantation with grade 5 hepatic encephalopathy.
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We defined neurological events as moderate or severe (visu-
al disturbance, altered level of consciousness, confusion, psy-
chosis, seizure, leukoencephalopathy, and coma). ECIIN was
defined as a neurological event that led to discontinuation or
holding tacrolimus, the addition of antiepileptic medications
after any seizures, and presence of moderate or severe neuro-
logical changes evident by electroencephalogram (EEG), brain
CT, or MRI in patients who had seizures or a rapid change in
mental status. The primary endpoint was the incidence of ECIIN
after LT, while ICU length of stay (LOS), hospital LOS, and 30-
day mortality were secondary endpoints. The incidence of ECIIN
was defined as the number of patients who experienced neu-
rotoxic events while on tacrolimus within the first 30 days af-
ter LT. ICU LOS was counted as the number of days between
admission and discharge from the ICU (in case of ICU re-ad-
mission, the total number of ICU stay was added regardless
of the disruption of the stay). The hospital LOS was calculat-
ed as the number of days between admission and discharge
for transplant procedure (re-admissions were not counted as
part of the initial LOS). Finally, death as a result of any cause
that occurred within 30 days after the LT was referred to as
30-day mortality.

The KFSH&RC LT protocol management guidelines consist-
ed of tacrolimus-based immunosuppression throughout the
study period. All patients received methylprednisolone (250
mg intravenously before the surgery and after graft reperfu-
sion, 500 mg for the patients with autoimmune hepatitis) fol-
lowed by a daily taper from 100 mg (250 mg for the patients
with autoimmune hepatitis) to 20 mg of prednisolone over 5
days. This dose was maintained until 1 month after transplan-
tation. If there were no signs of graft rejection, prednisone was
then tapered progressively and stopped within 3-12 months
after transplantation.

Tacrolimus was administered on the first day of transplanta-
tion at a dose of 0.05-0.1 mg/kg/day every 12 h and then ad-
justed to maintain blood levels at 7-10 ng/ml within the first 3
months. In patients with serum creatinine levels >130 umol/L
before transplantation, tacrolimus administration was delayed
until there was a reduction in serum creatinine. In the mean-
time, patients received induction therapy of basiliximab 6 h
after portal vein reperfusion and day 4 after transplantation
with prednisone and mycophenolate mofetil. Mycophenolate
mofetil was given on the first day or when platelets were >40
at a dose of 500 mg every 12 h and then increased to 750-1000
mg every 12 h to allow lower tacrolimus levels. Cyclosporine
was used only in patients who did not tolerate tacrolimus due
to severe CNS or other adverse effects attributed to tacrolim-
us therapy, starting at a dose of 3-5 mg/kg/day every 12 h to
achieve blood levels of 100-150 ng/ml during the first 3 months.
In case of severe CNS adverse effects attributed to tacrolim-
us, therapy was held until resolution of adverse effects, then
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resumed cautiously at a lower dose or switched to cyclospo-
rine. Antimicrobial Prophylaxis and Supplementary Medications
is available in Supplementary Data online.

The sample size was calculated based on a pilot study that in-
cluded 80 patients and an estimated incidence of 23% of ECIIN.
Therefore, we estimated the sample size of 388 patients with
a valid incidence rate to be within 5 percentage points to pro-
duce a study power of 80% and an alpha of 0.05.

Descriptive statistical analyses were carried out on all vari-
ables, including median and interquartile (First Quartile-Third
Quartile) (IQR) for continuous variables and frequency tabu-
lations for categorical variables. The significance of risk fac-
tors on the incidence of ECIIN was carried out using Fisher’s
exact test with cross-tabulation since each of the risk factors
was binary. The time to develop ECIIN analysis was calculat-
ed using the Kaplan-Meier survival curve model.

Results

A total of 338 LT patients were identified, with only 15 patients
(5%) undergoing liver re-transplantation. Among the total co-
hort, 131 patients (39%) were females, with a median age of
53.6 (IQR: 44.57-59.81) years (Table 1).

Sixty-three (19%) of the 338 patients developed ECIIN, of which
14.2% developed neurotoxicity within the first 2 weeks of trans-
plantation with a median time of 9 (IQR: 5-13.5) days post-
transplant (Figure 1). The median time for tacrolimus initiation
for all patients was 2 (IQR: 1-3) days and 2 (IQR: 2-4) days for
patients who developed ECIIN. Furthermore, the steady-state
level for all patients was 4 (IQR: 2.9-6.45) days and 5.05 (IQR:
2.83-7.45) days for patients who developed ECIIN, which was
not statistically significant (P=0.1484). The most common type
of neurotoxicity was seizures, which occurred in 30 patients
(48%), followed by agitation in 15/63 (23%) (Table 2). Thirty-
eight patients (60%) were managed by switching tacrolimus
to cyclosporine, 12 (19%) required a reduction in the dose, 3
(4.7%) were managed temporarily by discontinuing therapy,
and 10 patients (15.8%) did not require any change in their
immunosuppressive therapy (Table 3).

A total of 8 patients died within 30 days after transplant. Four
of them died within 14 days, and only 3 patients who devel-
oped ECIIN died within 30 days (P=0.376) (Table 4). The hospi-
tal median LOS was 19 (IQR: 13-31) days for all patients, while
patients who developed ECIIN had a median LOS of 31 (IQR:
21-75.5) days (P<0.0001) (Figure 2B). The median of ICU LOS
was 4 (IQR: 2-9.75) days and 10 (IQR: 5-20.5) days (P<0.0001)
for all patients and those who developed ECIIN, respective-
ly (Figure 2A).
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Table 1. Baseline characteristics and confounders associated with the development of early calcineurin inhibitor-induced neurotoxicity
(ECIIN) using univariate analysis.

. ECIIN
All patients (number (percentage; P-value
= v e
(n=338) (percentage) exact confidence interval))

No. of female patients 131 (39%) 19 (14.5%; 8.96-21.7) 0.1514
No. of living donor transplants 171 (51%) 34 (20%; 14.18-26.6) 0.5787
History of hepatic encephalopathy 99 (29%) 27 (27%; 18.80-37.15)  0.0135
History of ascites 142 (42%) 28 (20%; 13.52-27.22) 0.6736
No. of patients on dialysis before transplantation 8 (3%) 3 (38%; 8.52-75.51) 0.1717
ICU admission before transplantation 77 (23%) 20 (26%; 16.64-37.23) 0.0678
No. of patients who had re-transplantation 15 (5%) 3 (20%; 4.33-48.09) 1.0000
History of hypertension (HTN) 66 (20%) 12 (18%; 9.76-29.61) 1.0000
History of diabetes mellitus (DM) 124 (37%) 22 (18%; 11.47-25.62) 0.7741
History seizures 4 (1%) 2 (50%; 6.76-93.24) 0.1593
Hepatic cellular carcinoma (HCC) 92 (27%) 11 (12%; 6.12-20.39) 0.0600
glf(;;);paz:]tslz?:stwho needed re-operation within 4 weeks 55 (16%) 20 (36%; 23.81-50.44) 0.0006
No. of patients who had basiliximab induction 134 (40%) 28 (21%; 14.36-28.76) 0.3952
No. of patients with mean arterial pressure (MAP) <65 79 (23%) 10 (13%; 6.24-22.05) 0.1386

mmHg
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Table 1 continued. Baseline characteristics and confounders associated with the development of early calcineurin inhibitor-induced
neurotoxicity (ECIIN) using univariate analysis.

All patients SN

(n=338) (percentage)

(number (percentage; P-value
exact confidence interval))

Pre-transplant variables (median (first quartile-third

quartile))
"""" Height@m) 163 (1573169) 162 (15851685 09061
"""" weight®@ 698 (5917908 733 (58658185 04077
"""" BMIGg/m) 2567 (23122909) 2759 (23253030) 03546
"""" Age(years 5358 (4457.5081) 5324 (457-59.45) 06022
"""" MELDscoe 195 (1525 22 (18295 00020
"""" SiCr(mmo) 77 (602510575 79 (645108) 07658
"""" Mg@mmo) 073 (063083 072 (062085 09215
"""" Na(mmoll) 139 (134143 139 (133143 08682
"""" Ca(mmo) 211 (198224 212 (196228 08372
"""" Abumin@) 203 (25134 306 (2463555 06290
"""" Cacorrected (mmoll) 23 (2124 229 (219239 03584
"""" Cholesterol (mmol) 3 @136 3 (175355 07815
"""" WOLGmmol) 083 (044118 062 (034101) 02760
"""" Trglyceride (nmol) 085 (065115 095 (07129 02080
"""" oL@moly 1 @012 16 (106211) 04404
 Perioprative variables (median (first quartile-thied

quartile))
"""" Warm ischemia time (W) 076 (057095 074 (064097) 09618
"""" Cold ischemia time (W) 306 (212458 275 (219465 07445
"""" Totalischemiatime (W) 38 (309.544) 349 (315489 05664
"""" Units of Packed Red Blood Cells 5 (4925 55 @11) 02289
"""" Units of Fresh Frozen Plasma 4 (095 6 (110) 00344
"""" Units of Platelets 2 (0€7% 5 (09 0125
© Post-transplant variables (median (first quartile-third

quartile))
"""" SiCr(mmo) 77 (61101 81 (5999 08015
"""" Mg@mmo) 067 (053090) 065 (051092 09034
"""" Na(mmoll)  1a3 (40147 145 (1415148) 00099
"""" Ca(mmo) 207 (194226 21 (197231) 02945
"""" Abumin@) 271 (38531) 27 (23631) 06085
"""" Cacorrected (mmoll) 233 (219250 238 (224252 01290
"""" Tacrolimus steady-state levels (ng/m) 4 (29645 505 (283745) 01484
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Table 2. Incidence and types of ECIIN.

10 1 \'—.\‘__‘_H\
No. of patients that developed
08 1 Type of ECIIN ECIIN (n=63)
£ Seizures 30 (48%)
E 067
g Coma 4 (6%)
§ 041 Psychosis 13 (21%)
02 1 Agitation 15 (24%)
Tremors 6 (10%)
001 - ; : : . J TN 00 O s
o 5 1 5 2 5 3 [ Contion e 8 3%
ECIIN days Twitching 1 (2%)
Behavioral changes 1 (2%)
Figure 1. Time-to-event analysis for liver transplant recipients oo T S
Low Level of consciousness 1 (2%)

who developed ECIIN using SAS Institute, Inc. 2015.
SAS/IML® 14.1 User’s Guide. Cary, NC: SAS Institute,
Inc.

Table 3. Management for liver transplant recipients who developed ECIIN.

Switching tacrolimus to Reduction in Temporarily No tacrolimus
cyclosporine* tacrolimus dose** dose hold* changes®*
Seizures 23 3 2 1
Ccma 1 20 a1
psychosis 6 3 1 3
Agtaton 7 3 0 5
Tremors s 2 0 0
~Confusion 3 s 0 1
©Twitching o 1 0 0
* Behavioral changes 1 o o 0
© Low Level of consciousness o o o 1

* A total of 5 patients had psychosis (2 with confusion, 2 with agitation, and 1 with tremors); ** a total of 3 patients with psychosis
(2 with confusion and 1 with agitation), 1 had agitation and confusion, 1 had twitching and tremors, and 1 had seizures then coma;
# One patient developed psychosis with agitation; # a total of 2 patients had agitation (1 with seizures and 1 with low level of
consciousness.

Prior to transplant, we evaluated the association of various
cofounders with the development of ECIIN, including primary
disease, disease severity stage, MELD (model for end-stage liv-
er disease) score, history of hepatic cellular carcinoma (HCC),
history of hepatic encephalopathy, history of ascites, ICU ad-
mission prior to transplant, electrolytes, fasting lipids, and his-
tory of chronic diseases. Only history of hepatic encephalopa-
thy and MELD score were associated with ECIIN among these
cofounders (P=0.0135, P=0.0020, respectively). The only pri-
mary disease associated with ECIIN was autoimmune hepati-
tis (AIH) (P=0.0311). Univariate analysis was performed to as-
sess the association with various confounding factors (Table 1).

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Perioperative variables included warm ischemia time (WIT),
cold ischemia time (CIT), and blood and blood products trans-
fusion. The only statistically significant risk factor was the
transfusion of fresh frozen plasma (FFP) (P=0.0344) (Table 1).

Several post-transplant risk factors for ECIIN were evaluat-
ed, including sepsis, CMV infection, use of dialysis, graft sur-
vival, and new onset of DM or HTN after transplant (Table 1).
Electrolytes were reviewed on the seizure day, and only so-
dium was significantly associated with the developed ECIIN
(P=0.0099) (Table 1). In addition, several neurotoxic medica-
tions, including antibiotics, were associated with the devel-
opment of ECIIN (Table 5). Biopsy-proven rejection was not
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ICU length of stay

P-value
<0.0001

Score

No Yes
ECIIN

Hospital length of stay

P-value
<0.0001

Score

No Yes
ECIIN

Figure 2. (A) Distribution of Wilcoxon score for ICU length of stay using SAS Institute, Inc. 2015. SAS/IML® 14.1 User’s Guide. Cary, NC:
SAS Institute, Inc. (B) Distribution of Wilcoxon score for hospital length of stay using SAS Institute, Inc. 2015. SAS/IML® 14.1

User’s Guide. Cary, NC: SAS Institute, Inc.

Table 4. Secondary endpoints for liver transplant recipients who developed ECIIN.

All patients

Patients that developed ECIIN

(n=338) (n=63) FNale
30 day mortality 8 (2%) 2 (25%; 7.49-70.07) 0.3769
Hospital length of stay (days)
(median (first quartile-third ruartile)) R 2T LR
I i &i7 82w (6 ) 4 (2:9.75) 10 (5-20.5) <0.0001

(median (first quartile-third ruartile))

significant, and all patients received the proper immunosup-
pressant therapy as per the protocol.

Discussion

Neurotoxicity is a known complication after LT, and CNIs have
been reported to be a risk factor. The etiology of ECIIN is mul-
tifactorial with several possible contributing risk factors, such
as recipient age, MELD score, hepatic encephalopathy, ta-
crolimus dose and levels, and pre-transplant sodium levels
[5,7,12,17,18]. Due to the variation in genetic polymorphism
in CYP3A5 among races, tacrolimus metabolism and levels
may vary widely. Data on the incidence and possible risk fac-
tors in non-White, non-Black populations are scarce. Very lit-
tle is known about CYP3A5 polymorphism in the Saudi pop-
ulation undergoing LT. Our study explored the incidence and
risk factors of post-LT ECIIN in KSA. We found a similar inci-
dence rate to others reported globally [5,7,17]. A retrospective
study in China found a significant association between tacro-
limus concentration and the genetic polymorphism of CYP en-
zymes in post-liver transplant patients [19].
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Hepatic encephalopathy was previously reported as a risk fac-
tor for ECIIN, similar to our findings [5,18]. However, autoim-
mune hepatitis as a primary cause of liver cirrhosis prior to
transplant was found to be associated with an increased risk
of post-LT ECIIN in our study. To the best of our knowledge
this has not been described before. However, further studies
are warranted to confirm this association.

In our cohort, most patients who experienced ECIIN were man-
aged by either switching tacrolimus to cyclosporine or by re-
ducing tacrolimus dose. Tacrolimus levels have been linked to
post-transplant neurotoxicity [5,11,20]. Balderramo et al re-
ported high tacrolimus levels (>15 ng/ml) in 21.5% of ECIIN-
positive patients. In our study, there was no difference in ta-
crolimus average steady-state levels between the patients who
developed ECIIN and those who did not. Tacrolimus dose mod-
ifications should be minimized if possible since it can lead to
acute rejection in the immediate post-transplant phase. Hence,
early neurological monitoring and intervention are advised.

Other neurotoxic agents were also evaluated in this study;
carbapenems, linezolid, midazolam, propofol, haloperidol, lo-
razepam, risperidone, and olanzapine were associated with
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Table 5. Neurotoxic agents used for liver transplant recipients who developed ECIIN.

Acyclovir 14 (4%)
Carbapenems 109 (2%)
 Cephalosporins o Q1%
 Diphenhydramine 168 (50%)
CFentanyl 316 93%)
Ketamine 4w
linezold 17 (5%
. Macrolides 6 0%
© Metoclopramide 268 (79%)
. Midazolam 235 (0%)
© Morphine 8 0%
Propofol 97 (9%
© Serotonin release inhibitors 30 (9%)
Tramadl 203 (60%)
| Tricyclic antidepressants 1 (0%)
© Carbamazepine 2 %
Haloperidol 57 a1%)
lotazepam 93 (8%
 Pregabalin 2 %
 Risperidone o 6%
© Olnzapine 3 0%

seizures. In addition, electrolyte imbalance was reported as a
risk factor in other studies [5,7,12,17], namely hyponatremia.

To the best of our knowledge, this is the first report in the Arab
world to study the incidence and risk factors of tacrolimus-in-
duced neurotoxicity in the early post-LT period. Our study eval-
uated all previously reported risk factors in addition to sever-
al others that have not been reported before. In addition, the
sample size included in our study was relatively larger com-
pared to other studies.

The main limitation of this study is its retrospective design
and that it was conducted in a single tertiary care hospital.
We also did not test for the effect of CYP3A5 genotyping due
to the study’s retrospective nature.

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€935938-8

4 (29%; 8.39-58.10) 0.3053
"""""""""""""" 35 (32%;23494173)  <0.0001
"""""""""""""" 16 (18%; 1040-2698) 08752
"""""""""""""" 35 (1% 14.9627.76) 03301
"""""""""""""" 62 (20% 1539-2443) 00923
2 (0% 676-9324) 01593
8 @r% 22987219 00057
""""""""""""""" 1 (17% 0426412) 10000
"""""""""""""" 54 (20%; 1551-2546) 02267
"""""""""""""" 52 (2% 1699-27.98) 00147
2 (5% 3196509 06458
"""""""""""""" 27 (8% 19.21-37.86)  0.0084
8 (7% 1228458) 02274
"""""""""""""" 42 (1%;15342692) 02565
""""""""""""""" 1 (100% 250-100) 01864
""""""""""""""" 1 (50% 126:9874) 03385
"""""""""""""" 23 (40%; 27.56-54.18)  <0.0001
"""""""""""""" 30 (32%;22.93-4275) 00001
""""""""""""""" 1 (50% 126:9874) 03385
""""""""""""""" 5 (56% 212-8630) 00133
""""""""""""""" 3 (100%; 29241000 00062

Conclusions

The incidence of ECIIN in KSA was similar to that reported in
other populations with similar risk factors. Electrolyte imbal-
ance, mainly hyponatremia, was significantly associated with
developing ECIIN. ECIIN can increase hospital and ICU length
of stay. Further studies are needed regarding the CYP polymor-
phism in the Saudi population and its clinical impact on the
development of neurotoxicity. This is particularly important
in the interaction of enhanced recovery after surgery (ERAS),
ECIIN, and genetic polymorphism.
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