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Abstract

Background Postoperative delirium after liver transplantation is relatively common, especially due to preexisting

conditions such as hepatic encephalopathy. Most studies of delirium after liver transplantation were based on ICU

practices using deep hypnosedation. Therefore, risk factors and consequences of postoperative delirium after liver

transplantation were evaluated in the light sedation era.

Methods A total of 253 liver transplantation patients were evaluated for postoperative delirium. Clinical outcomes

including mortality were compared between patients who suffered delirium and those who did not. Risk factors for

postoperative delirium were analyzed with subgroup analysis depending on MELD scores and type of liver

transplantation.

Results Post-liver transplant delirium developed in 17% of the patients, 88% of which occurred within the first

postoperative day. Alcoholic liver cirrhosis, class C Child–Pugh score, higher MELD scores, higher proportion of

deceased donor liver transplantation, and reintubation were more frequent in patients who developed delirium, but

there was no difference in mortality. Higher preoperative MELD group (15–24 vs. \15; OR 4.10, 95% Cl

[1.67–10.09], P = 0.002, C25 vs.\15; OR 5.59, 95% CI [2.06–15.19], P\ 0.01), higher APACHE II scores (OR

5.59, 95% CI [2.06–15.19], P\ 0.01), and reintubation (OR 6.46, 95% CI [2.10–19.88], P\ 0.01) were identified as

significant risk factors for postoperative delirium.

Conclusion Postoperative delirium after liver transplantation was associated with worse clinical outcomes. MELD

scores greater than 15 were predictive of postoperative delirium in both living and deceased donor liver

transplantation.

Introduction

In critically ill patients, delirium is a relatively common

complication with ramifications such as prolonged ICU

length of stay [1] and prolonged mechanical ventilation [2],

as well as increased mortality [1–3]. It has also been

associated with long-term neurologic deterioration such as

cognitive impairment [4] and dementia [5].

Due to impaired liver function, patients undergoing liver

transplantation (LT) frequently present with some degree

of encephalopathy. In addition, a significant proportion of

LT patients has a history of alcoholism. Therefore, liver
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transplant recipients may be at a higher risk for developing

postoperative delirium in the ICU with a reported incidence

between 10.3 and 26.7% [6, 7]. However, most studies of

postoperative delirium after LT were reported before the

paradigm shift to light ICU sedation with priority to

analgesia.

The approach toward sedation and delirium in ICU

patients has changed with more emphasis on light sedation

and early rehabilitation as highlighted in the 2013 pain,

agitation, and delirium guidelines [8]. The aim of our study

was to investigate associated risk factors and the incidence

of postoperative delirium in LT patients who were man-

aged in accordance with the updated guidelines.

Methods

This retrospective study was approved by the institutional

review board of the Seoul National University hospital

(1506-099-681). Informed consent was waived by the

institutional review board.

Anesthesia and liver transplantation

All LTs were performed by one surgical team who col-

lectively perform more than 150 liver transplants per year.

Anesthesia was induced with propofol, rocuronium, and

sevoflurane and maintained with sevoflurane and cis-atra-

curium under standard monitoring from a dedicated anes-

thesia team. Portal and hepatic veins were anastomosed

without venovenous bypass or portocaval shunt and anas-

tomosis of the hepatic artery and bile duct were performed

after graft reperfusion. Intraoperatively, serum electrolytes

and arterial blood gas were checked and managed

accordingly. Patients were transferred to the surgical

intensive care unit without extubation for postoperative

care. When required, dexmedetomidine was considered for

sedation with a target of 0 to -2 on the Richmond Agi-

tation Sedations scale after appropriate treatment for pain.

All patients received intravenous patient-controlled anal-

gesia (PCA) with morphine and fentanyl for postoperative

analgesia. The PCA consisted of 0.6 mg of morphine and

15 mcg of fentanyl per ml in a total volume of 100 ml with

a basal rate of 1 ml/h, bolus dose of 0.5 ml, and a lock out

time of 15 min.

Immunosuppression after LT was based on triple

immunosuppressive regimen with calcineurin inhibitor,

mycophenolate mofetil, and steroids. Doses of tacrolimus

or cyclosporine were adjusted depending on each patient’s

clinical condition, and mycophenolate mofetil was adjusted

according to the associated side effects. Intravenous

methylprednisolone 500 mg was given intraoperatively

before portal perfusion and tapered from 200 to 20 mg

within 6 days, and oral prednisolone was continued at

20 mg daily thereafter. It was tapered to 0–5 mg/day until

6 months post-LT.

Study protocol and data collection

Patients admitted to the surgical intensive care unit after

LT operation from November 2012 to December 2014

were included in this study. Pediatric patients (\18 years

of age), co-transplant patients, and patients with a Glasgow

Coma Scale (GCS)\13 or inability to follow command on

postoperative day 0 were excluded. We conducted an

analysis of information based on electronic medical records

for included patients. Perioperative factors potentially

associated with delirium were evaluated, which includes

age, sex, donor status, operation type, initial diagnoses,

coexisting diseases, hepatic encephalopathy grade, Model

for End-Stage Liver Disease (MELD) score, and preoper-

ative GCS score. Patients were also grouped according to

their MELD scores (\15, 15–24, and C25), which largely

correlate with previous United Network for Organ Sharing

statuses 3, 2B, and sick 2B and 2A, respectively [9].

Intraoperative RBC transfusion and duration of surgery

were evaluated as perioperative factors. Collected postop-

erative factors were the Acute Physiologic and Chronic

Health Evaluation (APACHE) II score, use of opioid/

sedatives/inotropics, postoperative RBC transfusion, reop-

eration, reintubation, mechanical ventilation duration,

postoperative ICU stay, postoperative hospital stay, in-

hospital mortality, and 1-year mortality. Postoperative

acute kidney injury according to the risk, injury, failure,

loss, and end-stage kidney disease (RIFLE) criteria [10],

postoperative renal replacement therapy, vascular and bil-

iary complications requiring intervention, and surgical site

infection were collected. Patient characteristics and out-

comes between living donor LT and deceased LT were also

compared.

Delirium assessment

The incidence of postoperative delirium was assessed using

the Confusion Assessment Method for the Intensive Care

Unit (CAM-ICU) [11]. Each ICU nurse was trained for

CAM-ICU using educational materials (relevant literature,

handouts, CAM-ICU tools, and a video about detailed

application of CAM-ICU) and subsequent bedside training.

CAM-ICU was performed by the ICU nurse once per each

8-h shift, or three times a day. Patients with three or more

missing CAM-ICU data were excluded from the study. For

patients with 1 or 2 missing CAM-ICU data, the immedi-

ately preceding CAM-ICU data were carried over.
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Statistical analysis

Statistical analyses were performed by using SPSS version

22 (SPSS Inc., Chicago, Illinois, USA) and SAS statistical

software (SAS system for Windows, version 9.2; SAS

institute, Cary, NC). Patient data were expressed as median

[range] and number (percentage). Continuous variables

were analyzed with Student‘s t test or Mann–Whitney

U test after assessing normality with the Kolmogorov–

Smirnov test. Categorical variables were analyzed with

Chi-square test or Fisher exact test. To identify significant

risk factors of delirium, significant variables yielding

P\ 0.1 by univariate analysis were included in the mul-

tivariate analysis with forward selection. We added

hypertension and alcoholics which widely have known as

delirium risk factors to multivariate logistic regression

analysis. Collinearity between variables was assessed

before modeling, and if present (Pearson‘s correlation

coefficient[ 0.7), only one variable was included into the

statistical analysis. Calibration was assessed using the

Hosmer–Lemeshow goodness-of-fit test, with a

P value[ 0.05 indicating adequate model fit of the data.

Statistical significance was defined as P\ 0.05 (two-

tailed). The Kaplan–Meier method using the log rank test

was used to compare ICU and hospital length of stay and

in-hospital and 1-year mortality between no-delirium group

and delirium group. Cox proportional hazard models were

used to assess the association between delirium after liver

transplant in ICU and outcomes including length of ICU

and hospital stay, in-hospital mortality and 1-year

mortality.

Results

After excluding 27 pediatric patients (\18 years) and 1

simultaneous kidney liver transplant patient, 253 patients

were included and analyzed (Fig. 1). Additionally, 14

patients who were unable to cooperate on postoperative

day 0 were excluded.

Of the 253 patients, 43 (17.0%) developed delirium

during ICU stay after LT. Approximately, 88% (38/43) of

delirium occurred on the day of transplantation or the first

postoperative day (Fig. 2). The duration of delirium was

1.9 [0.3–5.0] days. Patients with delirium showed higher

rate of alcoholic liver cirrhosis (27.9 vs. 12.4%, P = 0.02),

higher rate of C class of Child–Pugh score (CPS) (65.1 vs.

24.8%, P\ 0.01), higher median MELD score (22 [7–53]

vs. 13 [6–51], P\ 0.01)), higher proportion of deceased

donor liver transplant (55.8 vs. 22.9%, P\ 0.01), and

reintubation (23.3 vs. 4.3%, P\ 0.01) (Table 1).

Impact of delirium

Patients with delirium showed longer duration of

mechanical ventilation (5 [1–114] vs. 10 [3–369] h,

P = 0.04) and longer ICU (4.1 [2.1–14.9] vs. 5.8 [2.4–39.9]

days, P \ 0.01) and hospital length of stay (21 [4–305] vs.

38 [12–268] days, P \ 0.01) compared to patients without

delirium (Table 2). There was no difference in mortality

between the two groups. After adjusting for APACHE II

scores, delirium was associated with longer ICU length of

stay (hazard ratio (HR) 2.21, 95% CI [1.53–3.19],

P\ 0.001) and postoperative hospital length of stay (HR

1.92, 95% CI [1.35–2.74], P\ 0.001), but not with in-

hospital or 1-year mortality.

Postoperative acute kidney injury and renal replacement

therapy and vascular interventions of hepatic artery, portal

vein, and hepatic veins were not significant different

between patients with and without delirium (supplementary

table 1).

Risk factors of delirium

Higher preoperative MELD group (15–24 vs. \15; OR

4.10, 95% Cl [1.67–10.09], P = 0.002, C25 vs. \15; OR

5.59, 95% CI [2.06–15.19], P \ 0.01), higher APACHE II

scores (OR 5.59, 95% CI [2.06–15.19], P \ 0.01), and

reintubation (OR 6.46, 95% CI [2.10–19.88], P\ 0.01)

were identified as significant risk factors for postoperative

delirium after adjusting for donor type, alcoholic liver

cirrhosis, preoperative sodium level, and inotropic support

during ICU stay (Table 3). Higher preoperative MELD

group was also the only common risk factor of postoper-

ative delirium in living donor LT (15–24 vs.\15; OR 3.94,

95% Cl [1.19–13.18], P = 0.03, C25 vs. \15; OR 7.21,

95% CI [1.59–32.73], P = 0.01) and deceased donor LT

(15–24 vs. \15; OR 24.42, 95% Cl [1.44–413.22],

P = 0.03, C25 vs.\15, OR 19.29, 95% CI [1.31–273.31],

P = 0.03) (Table 3). Diabetes mellitus (OR 3.73, 95% CI

[1.18–11.76], P = 0.03) and reintubation (OR 6.46, 95% CI

[2.10–19.88], P \ 0.01) were also associated with post-

operative delirium in living donor LT after adjusting for

age, alcoholic liver cirrhosis, preoperative ammonia level,

intraoperative RBC transfusion, and postoperative

dexmedetomidine use. Additional risk factors of delirium

in deceased donor LT was higher APACHE II scores (OR

1.26, 95% CI [1.08–1.46], P \ 0.01) after adjusting for

preoperative ammonia and reintubation (Table 3).

Effect of donor type

Nineteen patients (10.5%) developed delirium after living

donor LT compared to 24 patients (33%) after deceased

donor LT. Postoperative delirium after living donor LT was
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associated with higher MELD scores (15 [7–37] vs. 11

[6–51], P = 0.02), lower median sodium levels (137

[119–141] vs. 139 [120–148], P = 0.01), more intraoper-

ative RBC transfusion (2 [0–6] vs. 0 [0–17], P = 0.01), and

more postoperative midazolam (3 (15.8), vs. 2 (1.2),

P = 0.01). Postoperative delirium after deceased donor LT

was associated with higher preoperative MELD scores (24

[13–53] vs. 18 [6–49], P \ 0.01), higher preoperative

ammonia levels (115 [40–306] vs. 90 [0–229], P \ 0.01),

and higher APACHE II scores (27 [15–34] vs. 22 [4–39],

P \ 0.01). Patients with delirium also showed longer ICU

and hospital length of stay after both living and deceased

donor LT (supplemental table 2).

Discussion

The main findings of our study are (1) the incidence of

delirium after LT was 17% with over 2/3 of delirium

presenting within the first postoperative day, (2) delirium

Liver transplant patients between 

(n = 295)

Included patients (n = 253)

No delirium (n = 210)
Living donor LT: 162

Deceased donor LT: 48 

Delirium (n = 43)
Living donor LT: 19

Deceased donor LT: 24

Excluded (n = 42)
< 18 years old: 27
Glasgow coma scale < 13:14 
Simultaneous kidney-liver transplantation:1

Fig. 1 Fluxogram of patient

inclusion. GCS, Glasgow Coma

Scale; LDLT, living donor liver

transplantation; DDLT,

deceased donor liver

transplantation
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Fig. 2 Delirium incidence and

prevalence in the surgical ICU.

ICU, intensive care unit
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Table 1 Patient characteristics

Variables No delirium (n = 210) Delirium (n = 43) P value

Age (years) 54 [18–76] 54 [27–71] 0.491*

Sex (M/F) 151/59 27/16 0.272

Body mass index (kg/m2) 22.9 [13.0–33.9] 22.9 [17.1–32.5] 0.756

Initial diagnosis

Hepatocellular carcinoma 122 (58.1) 17 (39.5) 0.029

Liver cirrhosis

Hepatitis B virus related 144 (68.6) 21 (48.8) 0.021

Hepatitis C virus related 22 (10.5) 6 (14.0) 0.592

Alcoholic related 26 (12.4) 12 (27.9) 0.017

Others 18 (8.6) 4 (9.3) 0.774

MELD score 13 [6–51] 22 [7–53] \0.001*

MELD group \0.001

\15 127 (60.5) 9 (20.9)

15–24 57 (27.1) 20 (46.5)

C25 26 (12.4) 14 (32.6)

Hepatic encephalopathy grade 0.233

1 4 (1.9) 7 (16.3)

2 1 (0.5) 0 (0.0)

3 0 (0.0) 2 (4.7)

Coexisting conditions

Hypertension 36 (17.1) 9 (20.9) 0.519

Diabetes mellitus 45 (21.4) 12 (27.9) 0.422

Chronic kidney disease 12 (5.7) 6 (14.0) 0.094

Coronary artery disease 4 (1.9) 0 (0.0) 1.000

Preoperative renal replacement therapy 2 (0.9) 5 (11.6) 0.002

Preoperative sodium (mmol/L) 138 [117–153] 132 [115–150] \0.001*

Preoperative ammonia 83 [0–295] 109 [27–531] 0.017*

Preoperative hospital length of stay (day) 3 [0–76] 16 [0–56] 0.004*

Perioperative factors

Deceased donor 48 (22.9) 24 (55.8) \0.001

Emergency operation 48 (22.9) 24 (55.8) \0.001

Recipient operation time (min) 370 [180–735] 345 [205–640] 0.814*

Intraoperative opioids use 175 (83.3) 36 (83.7) 1.000

Intraoperative inotropic support 11 (5.2) 1 (2.3) 0.672

Intraoperative RBC (units) 3 [0–31] 7 [12–34] 0.004*

Postoperative factor

APACHE II score 20 [4–39] 25 [12–34] \0.001

Inotropic support during ICU stay 24 (11.4) 11 (25.6) 0.026

Metabolic acidosis on POD 1� 19 (9.0) 6 (14.0) 0.397

Midazolam use 7 (3.3) 2 (4.7) 0.652

Dexmedetomidine use 6 (2.9) 4 (9.3) 0.070

Postoperative ammonia 70 [18–276] 75 [36–278] 0.720*

Reoperation 14 (6.7) 4 (9.3) 0.519

Reintubation 9 (4.3) 10 (23.3) \0.001

Postoperative RBC (units) 0 [0–28] 2 [0–28] 0.018*

Data are expressed as median [range] or number (%)

MELD, model for end-stage liver disease; APACHE, acute physiology and chronic health evaluation; ICU, intensive care unit; RBC, red blood cell; POD,

postoperative day

*P values are generated by Mann–Whitney U test
�pH\ 7.25 or base excess\- 10 on postoperative day 1
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was more frequent in deceased donor LT compared to

living donor LT, and (3) higher MELD score group was a

common risk factor both in living donor and deceased

donor LT.

The incidence of delirium after LT in our study (17%) is

comparable with other studies (10.3–26.7%) [6, 7, 12]. A

recent study reported a significantly higher incidence of

delirium after living donor LT of about 50% [13]. The

discrepancy of delirium incidence might be attributed to

the different proportion of patients with alcoholic liver

cirrhosis and preoperative hepatic encephalopathy. In

contrast to the 5.5% (14/253) incidence of preoperative

hepatic encephalopathy and 15% (38/253) incidence of

alcoholic liver cirrhosis in our study, 42.3% (33/78) of

patients had preoperative hepatic encephalopathy and

42.3% (33/78) of patients had alcoholic liver disease [13].

More than 80% (38/43) of delirium episodes in our

study occurred on either postoperative day 0 or 1. This was

consistent with results in surgical ICU patients who did not

require MV [14], as well as mechanically ventilated med-

ical ICU patients [15]. Only one study evaluated the onset

of delirium after LT, which reported about 50% of delirium

developed delirium within 5.5 days of transplantation [13].

The plausible explanation would be that the transplanted

liver starts to clear metabolites in the first few days.

In accordance with previous studies, patients with

delirium after LT had longer mechanical ventilation dura-

tion [12, 13] and stayed longer in the ICU [12, 16] and the

hospital [6, 12, 13, 16]. In contrast to previous studies [6],

there was no difference in in-hospital mortality and 1-year

mortality most likely due to the relatively low in-hospital

(2.3%) and 1-year (7.0%) mortality in our patients with

delirium.

Patients who undergo LT tend to have underlying con-

ditions associated with the development of delirium. Liver

cirrhosis contributes to predisposing factors of delirium

such as frequent electrolyte imbalance and kidney injury

[17], infection [18], and hepatic encephalopathy

Table 2 Patient outcome in patients with and without delirium

No delirium (n = 210) Delirium (n = 43) P value

Delirium duration (day) NA 1.9 [0.3–5.0] NA

Mechanical ventilation duration (hour) 5 [1–114] 10 [3–369] 0.035*

ICU length of stay (day) 4.1 [2.1–14.9] 5.8 [2.4–39.9] 0.004*

Hospital length of stay (day) 21 [4–305] 38 [12–268] 0.004*

ICU mortality 2 (1.0) 1 (2.3) 0.430

Hospital mortality 2 (1.0) 1 (2.3) 0.430

One-year mortality 3 (1.4) 3 (7.0) 0.063

Data are expressed as median [range] or number (%)

ICU, intensive care unit

*P values are generated by Mann–Whitney U test

Table 3 Multivariable logistic regression analyses for postoperative delirium

All patients Living donor LT Deceased donor LT

Adjusted OR (95% CI) P value Adjusted OR (95% CI) P value Adjusted OR (95% CI) P value

MELD group 0.001 0.015 0.079

\15 Reference Reference Reference

15–24 4.101 (1.667–10.089) 0.002 3.936 (1.192–13.177) 0.025 24.417 (1.443–413.219) 0.027

C 25 5.590 (2.057–15.194) 0.001 7.208 (1.587–32.731) 0.011 19.288 (1.313–273.305) 0.031

Diabetes mellitus 3.725 (1.180–11.759) 0.025

Postoperative factors

APACHE II score 5.590 (2.057–15.194) 0.001 1.258 (1.084–1.459) 0.002

Reintubation 6.464 (2.102–19.876) 0.001 7.709 (1.528–38.887) 0.013

OR, odds ratio; CI, confidence interval; MELD, model for end-stage liver disease; APACHE, acute physiology and chronic health evaluation;

LT, liver transplantation
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[12, 13, 19]. In addition, extensive intraoperative blood

loss and transfusion [6] and postoperative calcineurin

inhibitors for immunosuppression [20] may contribute to

postoperative delirium after LT.

Preoperative hepatic encephalopathy has been reported

as a predictor of delirium in post-liver transplant patients

[12, 13]. In our study, only 1.2% (3/253) of patients

showed overt hepatic encephalopathy (West Haven grade 2

or greater) [21], whereas the prevalence of hepatic

encephalopathy ranged from 21 to 42.3% in studies that

reported hepatic encephalopathy as a risk factor of delirium

[12, 13]. The Confusion Assessment Method (CAM) was

suggested as a screening tool for delirium in patients with

suspected hepatic encephalopathy [22]. CAM-ICU has

been used in critically ill patient with cirrhosis [23] and LT

patients [13, 24], successfully diagnosing delirium, even in

patients with hepatic encephalopathy [13, 24].

In accordance with the recent guidelines [8],

dexmedetomidine has been used in our ICU for patients as

the primary sedative for agitation with a target Richmond

Agitation Sedation Scale of 0 to -2. Midazolam infusion

was used in four patients (of which one patient developed

delirium) for sedation because of extracorporeal membrane

oxygenation support and acute respiratory distress syn-

drome. Due to limited use, midazolam was not identified as

a risk factor of delirium both in univariable and multi-

variable regression analyses.

In our study, identified risk factors of delirium included

preoperative MELD group and APACHE II scores in

deceased donor LT, and reintubation and diabetes in living

donor LT. MELD scores have been used to represent

severity of liver disease, prioritize liver allocation, and

predict mortality of patients awaiting LT [25]. In our study,

MELD scores [15 were associated with delirium after

living donor and deceased donor LT. In accordance with

the recent guidelines and previous studies of delirium after

LT [6, 24], APACHE II scores were also found to be

associated with delirium after deceased donor LT [8]. LT

patients with high MELD or APACHE II scores may

benefit from interventions such as early mobilization and

physical therapy, which have been shown to prevent

delirium in other critically ill patients [26].

Our study found that patients requiring reintubation

during ICU stay were more likely to develop delirium.

Reintubation was performed in patients with severe

bleeding requiring reoperation, desaturation due to pul-

monary edema or pneumonia, CO2 retention, or severe

metabolic acidosis due to hepatic dysfunction. Thus, rein-

tubation is likely to be an index of severity of illness during

ICU stay. Disease severity as MELD score preoperatively,

APACHE II score at ICU admission, and reintubation

during ICU stay were associated with delirium after LT.

However, it is still unclear whether delirium is the cause of

the disease severity or one of the consequences.

Our study is the first study to compare the two types of

LT and show that patients undergoing deceased donor LT

were more likely to develop delirium compared to patients

undergoing living donor LT (33 vs. 10.5%). Deceased

donor LT patients had higher MELD scores (20 [6–53]) vs.

11 [6–51]), higher APACHE II scores, longer preoperative

hospital length of stay (17 [0–76] vs. 3 [2–53]), more

intraoperative and postoperative RBC transfusion, and

required more inotropic support during the ICU stay

compared to living donor LT patients. However, donor

type itself was not associated with post-transplant delirium

after adjusting for relevant factors.

Our study has several limitations. First, due to the ret-

rospective nature of the analysis, some variables potentially

associated with delirium after LT may not have been

adjusted for in the analysis. The results may have been

affected by confounders or systematic bias and the pre-

dominant proportion of living donor LT. Negative results

should be interpreted with caution due to the possibility of

insufficient sample size. Second, our study was conducted

in a single center with a high proportion of hepatitis B

patients and few alcoholic liver cirrhosis patients. Identi-

fied risk factors of delirium such as MELD group in

deceased donor LT showed relatively wide confidence

intervals, which may be due to the small number of

deceased donor LT number. Therefore, application of these

risk factors to different patient mix should be done with

caution. Third, although CAM-ICU was routinely used for

more than 6 years, the experience level of bedside nurses

might affect the results. Also, pretest bias may have

affected the diagnosis of delirium, as CAM-ICU was per-

formed by bedside nurses who were aware of the patient’s

condition and past medical history. Lastly, midazolam was

used only in 4.7% patients with delirium. Although the

target RASS for sedation was 0 to -2, the use of sedatives

may have confounded the results of CAM-ICU in light of

recent studies [27, 28]. However, serial CAM-ICU was

performed in patients for sufficient periods after complete

cessation of sedation. Also, multivariable analysis did not

identify the use of midazolam as a risk factor of delirium.

In conclusion, high preoperative MELD score (C15)

seems to be an independent risk factor of delirium after

living donor and deceased donor LT. Further study is

required to identify modifiable preoperative or postopera-

tive risk factors of delirium after LT.
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