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Postoperative delirium in liver resection patients: Usefulness of the
abdominal wall fat index
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Postoperative delirium is one of the most common and important complications in patients who have undergone surgery.
Although the precise mechanism of postoperative delirium is unclear, several risk factors have been reported. Here we
investigated candidate risk factors for postoperative delirium after liver resection. This retrospective analysis included 112
consecutive patients who underwent an elective liver resection. Preoperative and intraoperative parameters were analyzed for
their potential as risk factors of postoperative delirium. Thirty-one patients (27.7%) developed postoperative delirium. A multi-
variate analysis showed that advanced age (odds ratio [OR] = 1.189, 95% confidence interval [95%CI] = 1.081-1.309, p<0.001),
the abdominal wall fat index (AFI) (OR 14.904, 95%CI 3.072-72.319, p<0.001), and non-laparoscopic surgery (OR 5.496,
95%Cl 1.237-24.413, p=0.025) were independent risk factors for postoperative delirium. The AFIl had a high OR for postop-
erative delirium. The area under the receiver-operating characteristic (ROC) curve was 0.806 (95%Cl, 0.713—-0.896) with a
calculated optimal cut-off value of 1.0. The AFl is thus the most useful predictor for postoperative delirium after liver resection.
Elderly patients with a higher AFI (>1.0) and open liver resection are associated with an increased risk of postoperative

delirium.
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Introduction

Postoperative delirium is one of the most common and
important complications in patients who have undergone
surgery. Postoperative delirium is associated with prolonged
hospital stay, higher morbidity and mortality rates, and
increased costs (1-3). Although the precise mechanisms
underlying postoperative delirium are unclear, several risk
factors have been reported including advanced age, male
sex, alcohol abuse, dementia, invasive procedure, disorders
of metabolism, and atherosclerosis (4—7). Some reports stated
that patients who underwent a liver resection showed a high
risk of postoperative delirium (8, 9). However, reliable risk
factors for developing postoperative delirium after liver

resection are not yet clear.

The most common etiology for liver resection is hepato-
cellular carcinoma (HCC). Several reports demonstrated that
the risk of developing HCC from chronic hepatitis due to the
hepatitis B or C virus is known to be age-dependent, and the
mean age of HCC patients has been getting higher (10, 11).
The incidence rate of atherosclerosis has been rising with the
rapid progression of aging in many societies (12). Several
studies focused on the relationship between postoperative
delirium and atherosclerosis (13—15). Kawamoto et al. (16)
reported that the abdominal wall fat index (AFI) was a useful
parameter for evaluating atherosclerosis. In this study, we
investigated whether postoperative delirium was associated
with several candidate risk factors, including the AFT.
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Patients and Methods
Patients

This retrospective analysis was undertaken in patients who
underwent liver resection at the National Hospital Organiza-
tion Nagasaki Medical Center between January 2016 and
February 2018. During this period, 112 consecutive patients
who underwent an elective liver resection were enrolled in
this study. The following preoperative and intraoperative
parameters were analyzed for their potential as risk factors
of postoperative delirium: age, gender, body mass index
(BMI), AF1, diagnosis, presence of liver cirrhosis, existence
of anemia, diabetes mellitus, respiratory disorder, ischemic
cerebrovascular disease, a history of alcohol abuse, operative
time, intraoperative blood loss, and operative method.

The presence of postoperative delirium was assessed with
the Diagnostic and Statistical Manual of Mental Disorders,
4th Edition (DSM-IV). We separated the patients into two
groups: a postoperative non-delirium group, and a postop-
erative delirium group. Informed consent for their data to be
used was obtained from all patients, and the study protocol
was approved by the Ethics Committee of National Hospital
Organization Nagasaki Medical Center (Certificate no. 30002).

Abdominal wall fat index (AFI)

We measured the thickness of the preperitoneal and sub-
cutaneous fat layer by computed tomography (CT). The
maximal thickness of preperitoneal fat (Pmax) at the anterior
surface of the liver and the minimal thickness of subcutane-
ous fat (Smin) in the upper median abdomen were measured.
The abdominal wall fat index (AFI) was estimated by calcu-
lating the Pmax/Smin ratio (Fig. 1) (16).

Statistical analysis

Numerical data were evaluated using the Mann-Whitney
U-test for nonparametric data and the Chi-square test or the
Fisher exact test for categorical data, are the results are pre-
sented as the median and range. The utility of the predictors
was ascertained using sensitivity and specificity calculations
and receiver-operating characteristic (ROC) analyses. The
statistical analyses were carried out using SSPS ver. 23 software
(SSPS, Chicago, IL). P-values <0.05 were considered sig-
nificant.
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Figure 1. The maximal thickness of preperitoneal fat (Pmax) at
the anterior surface of the liver and the minimal thickness of sub-
cutaneous fat (Smin) in the upper median abdomen were measured
by CT. The abdominal wall fat index (AFI) was estimated by cal-
culating the Pmax/Smin ratio.

Results

Among the 112 consecutive patients who underwent liver
resection, 31 patients (27.7%) developed postoperative
delirium. The perioperative clinical characteristics of the
patients with and without postoperative delirium are sum-
marized in Table 1. According to a univariate analysis, there
were no significant differences between the non-delirium
and delirium groups in gender, BMI, etiology for liver resec-
tion, presence of liver cirrhosis, ischemic cerebrovascular
disease, operation time, intraoperative blood loss, or operative
method. However, the patients' ages were significantly higher
in the delirium group compared to the non-delirium group
(median, 75 years vs. 67 years, respectively; p<0.001). The
AFI values were also significantly higher in the delirium
group compared to the non-delirium group (median, 1.3 vs.
0.8, respectively; p<0.001). The rates of the presence of
anemia (35.5% vs. 14.8%), diabetes mellitus (41.9% vs. 21.0%),
and respiratory disorder (41.9% vs. 21.0%) were significantly
higher in the delirium group compared to the non-delirium
group. The rate of a history of alcohol (48.8% vs. 21.0%)
was significantly higher in the delirium group compared to
the non-delirium group, as was the rate of non-laparoscopic
surgery (84.0% vs. 63.0%, respectively).

According to the multivariate analysis, advanced age
(odds ratio [OR] = 1.189, 95% confidence interval [95%CI]
= 1.081-1.309, p<0.001), the AFI (OR 14.904, 95%CI
3.072-72.319, p<0.001), and non-laparoscopic surgery (OR
5.496, 95%CI 1.237-24.413, p=0.025) were significant in-
dependent risk factors for postoperative delirium (Table 2).
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Table 1. Perioperative clinical characteristics of patients with or without postoperative delirium

Characteristics Non-delirium (n=81) Delirium (n=31) p-value
Age 67 (32-83) 75 (58-88) <0.001
Gender, male/female 55/26 21/10 1.000
BMI 23.1(16.8-32.0) 21.6 (15.4-30.4) 0.234
AFI 0.8 (0.4-2.3) 1.3 (0.6-3.0) <0.001
Etiology for liver resection: 0.829
Hepatocellular carcinoma 38 17
Metastatic liver tumor 26 9
Colangiocellular carcinoma 6 1
Benign liver disease 6 3
Other malignant tumor 5 1
Liver cirrhosis 29 (35.8%) 12 (38.7%) 0.828
Anemia 12 (14.8%) 11 (35.5%) 0.020
Diabetes mellitus 17 (21.0%) 13 (41.9%) 0.033
Respiratory disorder 17 (21.0%) 13 (41.9%) 0.033
Ischemic cerebrovascular disease 4 (4.9%) 5(16.1%) 0.112
Alcohol abuse 22 (21.0%) 15 (48.4%) 0.044
Operation time, min 195 (76-641) 201 (76-604) 0.810
Blood loss, mL 190 (5-2790) 255 (5-1630) 0.493
Operative method, anatomical/limited 32/49 17/14 0.201
Non-laparoscopic surgery 51 (63.0%) 26 (84.0%) 0.041
Data are number of patients, or median and range
AFI: abdominal wall fat index, BMI: body mass index.
Table 2. Results of multivariate regression analysis
Predictors of postoperative delirium OR 95%CI p-value
Age 1.189 1.081-1.309 <0.001
AFI 14.904 3.072-72.319 <0.001
Anemia 1.811 0.481-6.815 0.38
Diabetes mellitus 1.014 0.301-3.417 0.982
Respiratory disorder 0.734 0.130-4.134 0.726
Alcohol abuse 2.405 0.678-8.534 0.175
Non-laparoscopic surgery 5.496 1.237-24.413 0.025

The multivariate analysis demonstrated that the AFI had a
high OR for postoperative delirium. To determine an accu-
rate cut-off value of AFI to be used as a risk factor for
postoperative delirium, we performed an ROC analysis. The
area under the ROC curve was 0.806 (95%CI 0.713-0.896)
with a calculated optimal cut-off value of 1.0 for the AFI

(Fig. 2).

Discussion

Our analyses of 112 patients revealed that the independent
risk factors of postoperative delirium after liver resection
were advanced age, high AF1, and non-laparoscopic surgery.
The AFI in particular showed the highest odds ratio for the
occurrence of postoperative delirium. Several studies dem-
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Figure 2. Receiver-operating characteristic (ROC) curve show-
ing the optimal cut-off value of AFI to be used as a risk factor for
postoperative delirium. Arrow: The optimal cut-off point.

onstrated that the AFI is a useful parameter for evaluating
metabolic disorders and atherosclerosis (16—19). The AFI is
also described as a significant factor for predicting risk
factors of disorders of metabolism and atherosclerosis such
as advanced age, smoking, high systolic blood pressure, and
hyperlipidemia in non-obese men (18). Kawamoto et al. (16)
reported that the AFI was an important factor for assessing
visceral fat accumulation. The distribution of the body fat is
an important factor in metabolic disorders and atherosclerosis.
Visceral fat accumulation is more closely associated with
metabolic disorders and atherosclerosis than subcutaneous
fat or total mass of body fat (20).

In contrast, several reports described that atherosclerosis
is an important risk factor for postoperative delirium (12—
15). Otomo et al. (13) reported that postoperative delirium
was associated with pre-existing cerebral infarctions and
ascending aortic atherosclerosis in elderly patients who
underwent coronary artery bypass graft surgery. Rudolph et
al. (15) reported that vascular risk factors including hyper-
tension, diabetes, smoking, and the need for vascular surgery
are useful predictors to identify patients at high risk for post-
operative delirium. These findings suggest that elevated an
AFI is a good candidate for a predictor of postoperative
delirium. Previous studies examined the AFI using ultra-
sonography (US) (16—19). In the present study, we used CT
to calculate the AFI. A CT examination entails radiation
exposure, unlike US. However, in patients who will undergo
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a liver resection, a CT examination is always needed in order
to evaluate liver lesions and the anatomy of the liver. No
additional CT is required to evaluate and calculate these
patients' AFI.

Our present findings demonstrated that conventional open
surgery was an independent risk factor for postoperative
delirium. Several reports describe that systemic stress and
the inflammatory response play important roles in the patho-
genesis of postoperative delirium (21, 22). Moreover, the
serum levels of inflammatory biomarkers such as interleu-
kin-6 (IL-6) were reported to be positively correlated with
the occurrence of postoperative delirium (23, 24). Lee et al.
(23) proposes that high levels of serum IL-6 at 24-hr after
surgery may be a useful predictor for postoperative delirium.
Several studies have shown that laparoscopic liver resection
reduced the inflammatory response including the elevation
of the serum IL-6 level compared with open liver resection
(25).

Pain intensity after surgery is a candidate risk factor for
the development of postoperative delirium in elderly surgical
patients (26). Interestingly, Behrends et al. (27) reported that
intraoperative blood transfusion of >1,000 ml of erythrocyte
concentrates was a significant risk factor for postoperative
delirium. Laparoscopic surgery is less invasive compared to
conventional open surgery because of its minimal abdominal
wall incision, less intraoperative blood loss, and reduced
postoperative pain. These findings suggest that minimally
invasive surgery including laparoscopic surgery may contribute
to the prevention of postoperative delirium in patients under-
going liver resection.

In our study, advanced age was revealed as another candi-
date risk factor for postoperative delirium. Several other
studies have demonstrated that advanced age was a well-es-
tablished risk factor of postoperative delirium (1-6). Our
present results showed that the patients in the delirium group
were approx. 8 years older on average than those in the non-
delirium group. Yoshimura et al. (9) reported that all delirious
patients who underwent liver resection for HCC were >65
years old. An advanced age is involved in various risks of
postoperative delirium such as atherosclerosis, ischemic
cerebrovascular disease, hypoalbuminemia, and metabolic
disorders (1-6, 28). The number of elderly patients needing
liver resection could be increasing due to the increasing life
expectancy in many countries. Therefore, we recommend
routine systematic screening prior to liver resection to detect
risk factors in elderly patients for the prevention of postop-
erative delirium.

Postoperative delirium is associated with not only higher
morbidity, longer length of hospitalization, and higher
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healthcare costs but also higher mortality. Moskowitz et al.
(29) reported that postoperative delirium was independently
associated with a seven-fold increase in 5-year mortality.
The importance of the team-based approach including anes-
thesiologists, psychiatrists, nurses, and pharmacists was
recently proposed to prevent postoperative delirium (30).

In conclusion, this is the first report that the AFT is the
most useful predictor for postoperative delirium after liver
resection. Elderly patients with a higher AFI (>1.0) and open
liver resection are associated with an increased risk of post-
operative delirium. The determination of patients' AFI values
will help identify patients at high risk for postoperative
delirium and help prevent postoperative delirium by team-
based intervention.

Conflict of interest: None declared.

References

—

. Berian JR, Zhou L, Russell MM et al. Postoperative delirium as a target
for surgical quality improvement. Ann Surg 268: 93-99, 2018
. Lee H, JuJW, Oh SY et al. Impact of timing and duration of postoperative
delirium: A retrospective observational study. Surgery doi: 10.1016/j.surg.
2018.02.001, 2018
. Reddy SV, Irkal JN, Srinivasamurthy A. Postoperative delirium in elderly
citizens and current practice. J Anaesthesiol Clin Pharmacol 33: 291-
299, 2017
4. Korc-Grodzicki B, Root JC, Alici Y et al. Prevention of post-operative
delirium in older cancer patients undergoing surgery. J Geriatr Oncol 6:
60-69, 2015
. Michaud L, Biila C, Berney A et al. Delirium: Guidelines for general
hospitals. J Psychosom Res 62: 371-383, 2007
. Inouye SK. Delirium in older persons. N Engl J Med 354: 1157-1165,
2006
. Aizawa K, Kanai T, Saikawa Y et al. A novel approach to the prevention
of postoperative delirium in the elderly after gastrointestinal surgery.
Surg Today 32: 310-314, 2002
. Lescot T, Karvellas C, Chaudhury P et al. Postoperative delirium in the
intensive care unit predicts worse outcomes in liver transplant recipients.
Can J Gastroenterol 27: 207-212, 2013
. Yoshimura Y, Kubo S, Shirata K et al. Risk factors for postoperative
delirium after liver resection for hepatocellular carcinoma. World J Surg
28: 982-986, 2004
10. Nishikawa H, Kimura T, Kita R et al. Treatment for hepatocellular
carcinoma in elderly patients: A literature review. J Cancer 4: 635-643,
2013
11. Hiraoka A, Hidaka S, Shimizu Y et al. Recent trends of Japanese hepa-
tocellular carcinoma due to HCV in aging society. Hepatogastroenterol-
ogy 59: 1893-1895, 2012
12. Neeland 1J, Poirier P, Després JP. Cardiovascular and metabolic hetero-
geneity of obesity: Clinical challenges and implications for management.
Circulation 137: 1391-1406, 2018

N

w

W

N

~

oo

Ned

13.

14.

15.

16.

17.

18.

19.

20.

2

—_

22.

23.

24.

25.

26.

217.

28.

29.

30.

47

Otomo S, Maekawa K, Goto T et al. Pre-existing cerebral infarcts as a
risk factor for delirium after coronary artery bypass graft surgery. Interact
Cardiovasc Thorac Surg 17: 799-805, 2013

Pol RA, van Leeuwen BL, Reijnen MM et al. The relation between
atherosclerosis and the occurrence of postoperative delirium in vascular
surgery patients. Vasc Med 17: 116-122, 2012

Rudolph JL, Jones RN, Rasmussen LS et al. Independent vascular and
cognitive risk factors for postoperative delirium. Am J Med 120: 807-
813,2007

Kawamoto R, Kajiwara T, Oka Y et al. Association between abdominal
wall fat index and carotid atherosclerosis in women. J Atheroscler
Thromb 9: 213-218, 2002

Soyama A, Nishikawa T, Ishizuka T et al. Clinical usefulness of the
thickness of preperitoneal and subcutaneous fat layer in the abdomen
estimated by ultrasonography for diagnosing abdominal obesity in each
type of impaired glucose tolerance in man. Endocr J 52: 229-236, 2005
Kawamoto R, Oka Y, Tomita H et al. Association between abdominal
wall fat index on ultrasonography and carotid atherosclerosis in non-
obese men. J Atheroscler Thromb 12: 85-91, 2004

Suzuki R, Watanabe S, Hirai Y et al. Abdominal wall fat index, estimated
by ultrasonography, for assessment of the ratio of visceral fat to subcu-
taneous fat in the abdomen. Am J Med 95: 309-314, 1993

Kobayashi H, Nakamura T, Miyaoka K et al. Visceral fat accumulation
contributes to insulin resistance, small-sized low-density lipoprotein,
and progression of coronary artery disease in middle-aged non-obese
Japanese men. Jpn Circ J 65: 193-199, 2001

. Murray C, Sanderson DJ, Barkus C et al. Systemic inflammation induces

acute working memory deficits in the primed brain: Relevance for de-
lirium. Neurobiol Aging 33: 603-616, 2012

Plaschke K, Fichtenkamm P, Schramm C et al. Early postoperative de-
lirium after open-heart cardiac surgery is associated with decreased
bispectral EEG and increased cortisol and interleukin-6. Intensive Care
Med 36: 2081-2089, 2010

Lee C, Lee CH, Lee G. The effect of the timing and dose of dexmedeto-
midine on postoperative delirium in elderly patients after laparoscopic
major non-cardiac surgery: A double blind randomized controlled study.
J Clin Anesth 47 :27-32, 2018

Jia Y, Jin G, Guo S. Fast-track surgery decreases the incidence of post-
operative delirium and other complications in elderly patients with
colorectal carcinoma. Langenbecks Arch Surg 399: 77-84, 2014
Fretland AA, Sokolov A, Postriganova N et al. Inflammatory response
after laparoscopic versus open resection of colorectal liver metastases.
Medicine (Baltimore) 94: 1786, 2015

Xue P, Wu Z, Wang K et al. Incidence and risk factors of postoperative
delirium in elderly patients undergoing transurethral resection of pros-
tate: A prospective cohort study. Neuropsychiatr Dis Treat 12: 137-142,
2016

Behrends M, DePalma G, Sands L et al. Intraoperative blood transfu-
sions are associated with early postoperative delirium in older patients.
J Am Geriatr Soc 61: 365-370, 2013

Zhang DF, Su X, Meng ZT et al. Preoperative severe hypoalbuminemia
is associated with an increased risk of postoperative delirium in elderly
patients: Results of a secondary analysis. J Crit Care 44: 45-50, 2018
Moskowitz EE, Overbey DM, Jones TS et al. Post-operative delirium is
associated with increased 5-year mortality. Am J Surg 214: 1036-1038,
2017

Aldecoa C, Bettelli G, Bilotta F et al. European society of anaesthesiol-
ogy evidence-based and consensus-based guideline on postoperative
delirium. Eur J Anaesthesiol 34: 192-214, 2017






