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ABSTRACT

BACKGROUND: We applied the Confusion Assessment Method (CAM)-Intensive Care Unit (ICU)-7 delirium scale to
patients who underwent liver transplant (LT). METHODS: Retrospective cohort including patients who underwent LT
for cirrhosis admitted to the ICU from June 2013 to June 2016 at the University of Alberta Hospital, Canada. Delirium
was assessed using the CAM-ICU-7 scale (0-7 points) twice daily on days one and 3 post LT, with the highest score being
considered. Primary endpoint was hospital mortality. RESULTS: Among all patients, 101/150 (67.3%) were men and
mean age was 52.4 (SD 11.8) years. On days 1 and 3 post LT, mean CAM-ICU-7 scores were 1.8 (SD 1.3) and 1.6 (SD 1.8),
respectively. Therefore, on days 1and 3 post LT, 38/150 (25.3%) and 26/95 (27.4%) patients had delirium. While delirium
on day 3 post LT was associated with higher hospital mortality (11.5% versus 0%; p = 0.019), it was not associated with
length-of-hospital stay (29.2 versus 34.4 days; p = 0.36). Following adjustment for APACHEII score, delirium on day
3 post LT was associated with higher odds of hospital mortality (adjusted odds ratio [aOR] 1.89 [95% Cl 1.02-3.50]).
Following adjustment for Glasgow Coma Scale and mechanical ventilation, serum creatinine was associated with
higher odds of delirium on day 3 post LT (aOR 2.02 [95% Cl 1.08-3.77]). CONCLUSIONS: Using the CAM-ICU-7 scale,
delirium was diagnosed in a fourth of patients who underwent LT. Delirium on day 3 post LT was associated with
higher odds of hospital mortality.
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INTRODUCTION

Delirium is characterized by altered consciousness
with a reduced ability to focus, sustain, or shift atten-
tion that develops quickly and fluctuates over the
course of the day (1). Delirium is frequent among
patients admitted to the intensive care unit (ICU)
and it has been associated with greater ICU and hos-
pital length-of-stay (LOS), mortality, and cost of care
(2-7) Furthermore, delirium severity has also been
associated with morbidity and mortality (8,9).

Validated tools to daily assess the presence
of delirium are important but may be difficult
to implement in the ICU. The Confusion Assess-
ment Method for the ICU (CAM-ICU) has been the
most used tool to detect delirium among critical-
ly-ill patients (10). It is simple and fast to execute
by trained professionals at the bedside. However,
much like other tools developed to diagnose de-
lirium, it does not grade the severity of delirium
(10,11) Therefore, a new score to detect and grade
the severity of delirium in critically-ill patients
was developed recently, the CAM-ICU-7 (11). This
is an adaptation of the original CAM-ICU score in
which a higher score is associated with a higher
likelihood of in-hospital mortality or a lower likeli-
hood of discharge to home. Furthermore, there is
the potential for the grading of delirium severity to
improve the quality of research and help clinicians
to understand better the impact of proposed delir-
ium management strategies.

Taking into account the advantages of using
CAM-ICU-7, we hypothesized that this scale
would also be associated with clinical outcomes
among LT recipients. Therefore, the objectives of
this study were the following: to quantify the pres-
ence and grading of delirium among LT recipients
based on the CAM-ICU-7 scale, to study the as-
sociation of delirium with hospital mortality and
hospital LOS in these patients.

METHODS

This study was approved by the University of Al-
berta Hospital Ethics Committee and informed
consent was waived. Informed consent was
waived in view of the retrospective nature of the
study and all the procedures being performed were
part of the routine care. The study protocol and
conduct abided by the principles of the Declara-
tion of Helsinki (14). The study reporting followed
the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guideline (15).
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Design, setting, and patients

This was a single-center retrospective cohort study
including consecutive patients who underwent
elective or semi-elective LT for cirrhosis and were
admitted to the ICU within 24 hours of the oper-
ation from June 2013 to June 2016 at the University
of Alberta Hospital, Edmonton, Canada.

Only transplanted patients eligible for CAM-
ICU assessment were considered. Patients in a
coma (Glasgow Coma Scale score <8) or with a
Richmond Agitation Sedation Scale (RASS) score
of -4 (no response to voice, but movement or
eye opening to physical stimulation) or -5 (no
response to voice or physical stimulation) were
ineligible for CAM-ICU assessments; therefore,
they were excluded from the final cohort under
analysis (10,13). Furthermore, patients lacking
data on the primary endpoint were also excluded
(Supplemental Figure 1).

Operational definitions

Delirium was assessed at the bedside by trained
ICU nurses using the CAM-ICU tool twice daily
on days 1 and 3 post ICU admission, with the
highest scores being considered. Based on the
RASS and CAM-ICU scores registered, the CAM-
ICU-7 was computed for all eligible patients
as per the original publication (Supplemental
Figure 2). This included the evaluation of follow-
ing domains (scoring): acute onset or fluctuation
of mental status (0-1); inattention (0-2); altered
level of consciousness (0-2); and disorganized
thinking (0-2) (12). The final CAM-ICU-7 score
ranged from 0 to 7 with 7 being most severe.
Furthermore, the CAM-ICU-7 scores were cat-
egorized as 0-2: no delirium, 3-5: mild to moder-
ate delirium, and 6-7: severe delirium (12).

The following characteristic of patients was re-
trieved from the prospective ICU electronic data-
base by two researchers (FSC and CJK): age, sex,
body mass index (BMI), Acute Physiology and
Chronic Health Evaluation II (APACHEII) score;
Sequential Organ Failure Assessment (SOFA)
score; Glasgow Coma Scale (CGS) score; hepatic
encephalopathy (HE) grade based on West Haven
criteria; invasive mechanical ventilation (IMV)
status; oxygen pressure/oxygen inspired frac-
tion (PF) ratio; vasopressors status; mean arterial
pressure (MAP); continuous renal replacement
therapy (CRRT) status; urine output; serum lab-
oratory including hemoglobin, white blood cells’
count, platelets’ count, international normalized
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ratio (INR), albumin, bilirubin (1 mg/dL = 17.1
pmol/L), alanine transferase (ALT), aspartate
transferase (AST), creatinine (1 mg/dL = 88.4
pmol/L), sodium, pH, and lactate; ICU and hospi-
tal LOS and vital status.

The primary endpoint was hospital mortality
and the secondary endpoint was hospital LOS.

Statistical analysis

Continuous variables were described as mean
(SD), following normality analysis (Kolmogorov-
Smirnov test), and categorical variables were de-
scribed as frequency (number) (proportion [%]).
Missing data across all values were 3.4% and no
multiple imputations was performed.

Univariate comparisons were done using stu-
dent t-test for continuous variables or Chi-square
or Fisher exact test for categorical variables. Multi-
variable analysis was performed using logistic
regression. Clinically and statistically (p < 0.10 on
univariate analysis) covariates were included and
the final models were obtained following a step-
wise backward selection of covariates. Models’
performance was assessed by C statistic (95% CI).
The significance level considered was o = 0.05
(two-tailed).

Statistical analysis was performed using IBM SPSS
Statistics version 25.0 (Armonk, NY: IBM Corp).

RESULTS

Baseline characteristics

Among the 150 patients who underwent elective or
semi-elective LT for cirrhosis under analysis, mean
age was 52.4 (SD 11.8) years and 101 (67.3%) were
males. Onday 1 post LT in the ICU, mean GCS score
was 14 (SD 1) and only 3 (2.0%) patients had grade 3
HE (patients in a coma or with grade 4 HE were ex-
cluded as explained in the Methods section). At this
time-point, 122 (81.3%) required IMV, 79 (52.7%)
were on vasopressors, and only 4 (2.7%) underwent
CRRT. At the same time-point, mean serum INR,
bilirubin, creatinine, and sodium were 1.72 (SD
0.60), 6.7 (SD 5.2) mg/dL, 1.38 (SD 0.89) mg/dL,
and 135 (SD 4) mmol/L, respectively (Supple-
mental Table 1).

Baseline characteristics between the initial co-
hort of patients (pre-exclusion criteria) and the
cohort of patients under analysis (following ex-
clusion criteria) were not substantially different.
All these baseline characteristics are depicted in
Supplemental Table 1.

Delirium in liver transplant

Outcomes

Among the 150 patients under analysis, mean ICU
and hospital LOS were 5.1 (SD 8.4) and 29.3 (SD
27.6) days, respectively. Furthermore, two (1.3%)
patients died in the ICU; therefore, a total of three
(2.1%) patients died during the index hospital stay
(Supplemental Table 1).

Delirium on days 1 and 3 post liver transplant
Using the CAM-ICU-7, delirium was diagnosed in
38 (25.3%) patients on day 1 and in 26 (27.4%) pa-
tients on day 3 post LT. Delirium severity on day
1 post LT was as follows: 35 (92.1%) patients had
mild to moderate delirium and three (7.9%) pa-
tients had severe delirium. Delirium severity on
day 3 post LT was as follows: 22 (84.6%) patients
had mild to moderate delirium and 4 (15.4%) pa-
tients had severe delirium (Table 1).

Between patients with and without delirium,
the severity of delirium, based on the mean CAM-
ICU-7 score, was only significantly higher in the
former than in the latter on day 3 post LT (4 versus
1; p = 0.025) (Table 1).

Risk factors for delirium on day 1 or 3 post liver
transplant

Patients with and without delirium on day 1 post
LT had similar baseline characteristics. Patients
with delirium on day 3 post LT had significantly
lower mean GCS (14 versus 15; p = 0.042), higher
proportion of grade 1-2 HE (46.2% versus 18.8%;
p = 0.024), and higher mean creatinine (1.16 versus
0.70 mg/dL; p = 0.013) on that same day in com-
parison to others (Table 1). Additionally, median
CAM-ICUY scores on days 1 (2 versus 1; p = 0.09)
and 3 (0 versus 1; p = 0.61) were similar between
patients with and without alcohol-associated liver
disease.

Noticeably, patients with delirium on day 1
(84.2% versus 80.4%; p = 0.60) or 3 (46.2% versus
31.9%; p = 0.20) post LT had similar proportions
of IMV. Furthermore, they also had similar overall
severity of disease, as per mean APACHEII score,
onday 1 (21.3 versus 22.3; p = 0.54) or 3 (21.4 versus
22.4; p = 0.40) post LT (Table 1).

To minimize overfitting, we chose to adjust
this analysis to two important clinical factors that
may influence the CAM-ICU-7 assessments, GCS
score and IMV status (16). Therefore, on adjusted
analysis (GCS, IMV, and creatinine) using logistic
regression, only higher serum creatinine on day 3
post LT was independently associated with higher
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Table 1: Baseline characteristics stratified by delirium status on days 1 and 3 post liver transplant

No. (%) or mean (SD)

Day 1(n=150)

Day 3 (n=95)

With delirium Without delirium With delirium Without delirium
Characteristics (n=38) (n=112) p (n=26) (n=69) p
Demographics
Age (years) 51.9 (10.9) 52.5 (12.1) 0.82 51.9 (9.0) 51.2 (12.9) 0.80
Sex (male) 22 (57.9%) 79 (70.5%) 0.15 15 (57.7%) 49 (71.0%) 0.22
BMI (kg/m?) 25.0 (5.3) 26.0 (6.5) 0.99 28.1(6.0) 25.8 (6.1) 0.16
Organ support
APACHE II 21.3(5.2) 22.3(4.8) 0.54 21.4 (6) 22.4(5) 0.40
Daily SOFA 9.1(3.2) 9.7 (3.1) 0.37 7.6 (3.7) 5.8 (4.2) 0.06
GCS 14 (1) 14 (2) 0.33 14 (1) 15 (1) 0.042
HE 0.38 0.024
No 26 (68.4%) 63 (56.3%) 14 (53.8%) 56 (81.2%)
Grade 1-2 12 (31.6%) 46 (41.1%) 12 (46.2%) 13 (18.8%)
Grade 3 0 (0%) 3(2.7%) ) 0
IMV 32 (84.2%) 90 (80.4%) 0.60 12 (46.2%) 22 (31.9%) 0.20
PF ratio (mmHg) 224 (74) 220 (74) 0.87 234 (65) 236 (87) 0.92
Vasopressors 18 (47.4%) 61(54.5%) 0.45 4 (15.4%) 12 (17.4%) 1.00
MAP (mmHg) 65 (13) 65 (11) 0.08 77 (14) 78 (14) 0.57
Noradrenaline (ug/min/kg) 0.04 (0.06) 0.06 (0.08) 0.36 0.01(0.02) 0.02(0.04) 0.11
CRRT 1(2.6%) 3(2.7%) 1.00 1(1.1%) 1(1.1%) 0.48
Urine output (mL/24 h) 1725 (852) 1969 (939) 0.95 2006 (1619) 1603 (1321) 0.22
Laboratory (serum)
Hemoglobin (g/L) 98 (16) 101 (18) 0.32 NA NA
Whyte blood cells (x109/L) 10.7 (6.6) 10.0(6.9) 0.64 NA NA
Platelets (x10°/L) 119 (92) 111 (120) 0.74 54 (55) 61(94) 0.72
INR 1.72 (0.50) 1.72 (0.63) 0.98 NA NA
Albumin (g/L) 25.3(4.4) 25.5 (5.6) 0.83 NA NA
Bilirubin (mg/dL) 6.9 (4.4) 6.6 (5.5) 073  4.4(4.9) 3.7(5.2) 0.55
ALT (U/L) 571(534) 784 (1005) 0.22 NA NA
AST (U/L) 836 (619) 1000 (787) 0.25 NA NA
Creatinine (mg/dL) 1.28 (0.70) 1.42 (0.95) 0.20 1.16 (0.72) 0.70 (0.81) 0.013
Sodium (mmol/L) 136 (4) 135 (4) 0.25 NA NA
pH 7.34 (0.07) 7.34 (0.07) 0.98 NA NA
Lactate (mmol/L) 2.7 (1.9) 3.2 (2.1) 0.26 NA NA
Delirium
CAM-ICU-7 score 3(3-4) 1(1-2) 0.48 4(3-5) 1(0-1) 0.025
No (0-2) 112 (100%) 69 (100%)

264 Canadian Liver Journal July 2023

(Continued)


https://canlivj.utpjournals.press/loi/canlivj

Delirium in liver transplant

No. (%) or mean (SD)

Day 1(n = 150) Day 3 (n=95)
With delirium Without delirium With delirium Without delirium

Characteristics (n=38) (n=112) p (n=26) (n=69) p

Mild-moderate (3-5) 35 (92.1%) 22 (84.6%)

Severe (6-7) 3(7.9%) 4 (15.4%)
Outcomes

ICU LOS 3.7 (3.0) 5.6 (9.6) 0.45 4.7(3.2) 7.8 (11.4) 0.08

Hospital LOS 34.7 (34.5) 27.6 (24.8) 0.71 29.2 (16.6) 34.4 (35.8) 0.36

ICU mortality 1(2.6%) 1(0.9%) 0.44 2(7.7%) 0 (0%) 0.07

Hospital mortality 1(2.7%) 2(1.8%) 1.00 3 (11.5%) o (0%) 0.019
o =0.05

APACHEII = Acute Physiology and Chronic Health Evaluation Il; SOFA = Sequential Organ Failure Assessment; GCS = Glasgow Coma
Scale; HE = Hepatic encephalopathy; IMV = Invasive mechanical ventilation; PF = Oxygen pressure/oxygen inspired fraction; MAP
= Mean arterial pressure; CRRT = Continuous renal replacement therapy; INR = International normalized ratio; ALT = Alanine
transferase; AST = Aspartate transferase; CAM-ICU-7 = Confusion Assessment Method in Intensive Care Unit 7; ICU = Intensive care

unit; LOS = Length-of-stay; NA = Non-available

Table 2: Independent risk factors for delirium on day 3 post liver transplant (n = 95)

OR aOR p
GCS on day 3 (8-15) 0.80 (0.54-1.18) 0.26 0.80 (0.51-1.25) 0.33
IMV on day 3 1.71(0.68-4.30) 0.25 0.83 (0.26-2.66) 0.76
Creatinine on day 3 (mg/dL) 1.01(1.00-1.01) 0.019 2.02 (1.08-3.77) 0.027

C=0.70(95% Cl 0.58-0.82). a = 0.05

aOR = Adjusted odds ratio; GCS = Glasgow Coma Scale; IMV = Invasive mechanical ventilation

odds of delirium on that same day (adjusted odds
ratio [aOR] 2.02 [95% CI 1.08-3.77]; p = 0.027). The
discriminative ability of this model was reason-
able (C = 0.70 [95% CI 0.58-0.82]) (Table 2).

The association between delirium on day 1 or 3
and outcomes

While patients with delirium on day 1 post LT had
similar hospital mortality than others (2.7% versus
1.8%), patients with delirium on day 3 post LT had
significantly higher hospital mortality than others
(11.5% versus 0%) (Table 1).

To minimize overfitting, we chose to adjust
this analysis only to APACHEII score, a surrogate
of severity of disease and a clinical factor known
to be associated with the outcomes of critically-
ill patients (17). Therefore, following adjustment
for APACHEII score, with logistic regression, the

presence of delirium on day 3 post LT (continuous
variable) was independently associated with high-
er odds of hospital mortality (aOR = 1.89 [1.02-
3.50]; p = 0.042). The discriminative ability of this
model was very good (C = 0.90 [95% CI 0.81-0.99])
(Table 3).

The presence of delirium whether on day 1 or
3 post LT was not associated with hospital LOS
(Table 1: p > 0.30 for both comparisons).

DISCUSSION

Key findings and comparisons with previous
literature

In our cohort of patients who underwent elective
or semi-elective LT at the University of Alberta
Hospital, Edmonton, Canada, from 2013 to 2016,
following exclusion of those in a coma post LT,

Canadian Liver Journal July 2023 265


https://canlivj.utpjournals.press/loi/canlivj

FS Cardoso, B Kok, V Dong, M Kim, CJ Karvellas

Table 3: Adjusted association of delirium on day 3 post liver transplant with hospital mortality (n = 95)

OR aOR p
Delirium on day 3 (0-7) 1.88 (1.01-3.50) 0.046 1.89 (1.02-3.50) 0.042
APACHEII 1.14 (0.96-1.35) 0.15 1.15 (0.96-1.38) 0.14

C=0.90(95% Cl 0.81-0.99). & = 0.05

aOR = Adjusted odds ratio; APACHEII = Acute Physiology and Chronic Health Evaluation Il

25.3% and 27.4% had delirium on day 1 or 3 post
LT, respectively, based on serial CAM-ICU-7 as-
sessments. Furthermore, among those delirious
patients, severe delirium (CAM-ICU-7 score of
6-7) was found in 7.9% and 15.4% of them on day
1 or 3 post LT, respectively.

In a previous study about delirium in the post
LT context from Canada (n = 281), the prevalence
of delirium was 10.0% during the ICU stay, at a
median of 2 days following surgery, a figure lower
than the one found in our study (18). In another
study from the United States (n = 181), 21.0% of
patients were diagnosed with delirium, at a mean
of 7 days post LT, a proportion similar to the one
we found (4) However, while we clearly defined
delirium diagnosis as per CAM-ICU-7 evaluation,
both of these studies used different definitions of
delirium, without using any specific pre-existent
delirium diagnostic tool systematically. Therefore,
direct comparisons may be difficult to interpret.

To the best of our knowledge, there are no previ-
ous studies focusing not only on the diagnosis of
delirium post LT, but specifically on the severity
of delirium in this context. In our cohort, delirium
severity increased from days 1 to 3 post LT, wheth-
er CAM-ICU-7 score was considered as a categor-
ical (7.9% versus 15.4%) or a continuous (mean of
3 versus 4) variable. Furthermore, following ad-
justment for disease severity (APACHEII score),
the odds of hospital mortality increased 89% per
each increment in the CAM-ICU-7 score (0-7). This
finding is in line with what was described in the
original study validating the CAM-ICU-7 (12). As
stated by its authors, because CAM-ICU-7 is based
on the widely used CAM-ICU scale, it is likely an
easy and rapid tool to execute and calculate at the
bedside by already trained professionals with add-
ed diagnostic and prognostic values.

In our cohort, the presence of delirium was not
associated with hospital LOS. Several studies have
documented the opposite (18,19). However, while
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hospital LOS has been frequently used in studies
about delirium as a probable surrogate of morbid-
ity related to it, this may be difficult to generalize.
Among transplant centers, there is wide known
variability on the trajectory of patients inside the
hospital during their index peri LT stay. Therefore,
it is expected to observe differences in hospital
LOS among them and it may be difficult to per-
form direct comparisons.

In our study, following adjustment for GCS score
and IMV status, per each 1 mg/dL increment in
serum creatinine on day 3 post LT, there was a two-
fold increase in the odds of delirium at this same time
point. In a previous study from the United Kingdom
(n = 793), among other characteristics, patients with
kidney dysfunction, therefore on a kidney-sparing
immunosuppression regimen, were actually more
likely to develop delirium post LT (19). These find-
ings may suggest that preventive and therapeutic
strategies for delirium management may be espe-
cially important in patients prone to or that effective-
ly develop kidney dysfunction following transplant.

Taking into account all of our findings, we
should make the following remarks. Firstly, delir-
ium may be present in about a fourth of patients
who underwent LT during the first few days of
their ICU stay. Secondly, the use of a tool such as
CAM-ICU-7 may help to better characterize delir-
ium in this context. Thirdly, kidney dysfunction
following LT may help to flag patients at increased
risk of developing delirium, therefore warrants
specific attention by clinicians.

Limitations

The results of our study need to be interpreted
while considering the following limitations. Firstly,
this was a single-center retrospective cohort; there-
fore, it may have been prone to selection bias.
However, the reasonably sized sample, the defined
inclusion and exclusion criteria, and the updated
peri-LT management performed at our institution
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may help to minimize such bias. Secondly, we were
not able to retrieve data on medications used that
knowingly impact the risk of delirium in the ICU, for
example, sedatives or immunosuppressive drugs.
Nevertheless, the fact that we excluded patients in a
coma or with a RASS below -3 may have helped to
minimize it, as these patients were more likely the
ones on higher doses of sedatives. Also, immuno-
suppression was being provided as per institutional
protocol based on international guidelines (Supple-
mental Table 2). Thirdly, we were also not able to
retrieve data on the preventive and therapeutic
strategies ongoing in the ICU to manage delirium.
However, we should emphasize that our ICU has
been continuously implementing the most updated
management strategies for delirium, especially the
non-pharmacological interventions, as recognized
by evolving literature on the topic (20).

Despite these limitations, we think our study
adds to the literature by validating the applica-
tion of the CAM-ICU-7 tool to the patients who
underwent LT and are then admitted to the ICU.
This may help to better identify, quantify, avoid,
or treat delirium in these patients and potentially
improve their short-term outcomes. Future stud-
ies are needed to evaluate the impact of systematic
approaches to the delirium management in trans-
planted patients. In this regard, the scoring of the
delirium severity that the CAM-ICU-7 tool allows,
may even help to titrate the efficacy of such man-
agement strategies (12).

CONCLUSIONS

Using the CAM-ICU-7 scale, delirium was diag-
nosed in about a fourth of patients who underwent
LT. Delirium on day 3 post LT was associated with
higher hospital mortality.
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