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Backgrounds/Aims: Postoperative delirium (POD) is a common complication that increases mortality and morbidity in older pa-
tients. This study aimed to evaluate the clinical significance of post-cholecystectomy delirium in older patients.

Methods: This retrospective study included 201 patients aged > 75 years who underwent cholecystectomy for acute or chronic cho-
lecystitis between January 2016 and December 2019. Patients were divided into the POD (n = 21) and non-POD (n = 180) groups, and
their demographic features and clinical results were compared.

Results: The mean patient age was 78.88 years; the female/male ratio was 44.8%/55.2%. Laparoscopic surgery was performed in 93.5%
of patients. The univariate analysis showed that lower body mass index (BMI), immobilized admission status, neuropsychiatric disease
history, preoperative intervention (percutaneous drainage), high C-reactive protein, hypoalbuminemia, neutrophilia, hypo-/hyperka-
lemia, and longer operative time were more frequently observed in the POD group. The multivariate analysis showed that lower BMI
(odds ratio [OR], 2.796; p = 0.024), neuropsychiatric disease history (OR, 3.019; p = 0.049), hyperkalemia (OR, 5.972; p = 0.007), and
longer operative time (OR, 1.011; p = 0.013) were significant risk factors for POD.

Conclusions: POD was associated with inflammation degree, general condition, poor nutritional status, electrolyte imbalance, and
stressful conditions. Recognizing risk factors requiring multidisciplinary team approaches is important to prevent and treat POD.
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INTRODUCTION

Postoperative delirium (POD) is a common postoperative
complication that increases mortality and morbidity, especial-
ly in older patients [1-3]. Delirium is a cognitive disturbance
that is characterized by acute and fluctuating impairment in
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attention and awareness [1-3]. Delirium shows symptoms sim-
ilar to dementia, a disease that chronically deteriorates brain
function; however, when the causative factors are normalized,
it is mostly ameliorated [4]. Although the overall incidence of
POD has been reported to be 2.5%-3%, it is higher in older pa-
tients [5,6]; approximately 10%-50% of patients with advanced
age of > 70 years undergoing surgical treatment may develop
delirium postoperatively [7-9]. Furthermore, delirium has been
associated with higher in-hospital mortality of 4%-17% and
post-discharge mortality (22.7%) [2-4]. POD after gastrointes-
tinal surgery has been associated with a 10%-20% risk; howev-
er, despite the widespread use of cholecystectomy, there have
been few reports of POD after cholecystectomy [10,11]. There-
fore, we aimed to evaluate the clinical impact and risk factors
of POD after cholecystectomy in older patients.
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MATERIALS AND METHODS

Patients

A total of 201 older patients (aged > 75 years) who underwent
cholecystectomy for acute or chronic cholecystitis at Pusan
National University Hospital in the period January 2016 to De-
cember 2019 were included in the study. A retrospective anal-
ysis was performed based on medical records. We compared
demographic features and clinical results between the POD
group (n = 21) and the non-POD group (n = 180). We excluded
cases where additional surgery other than cholecystectomy was
performed.

This retrospective study was conducted in accordance with
the relevant guidelines and regulations, and complied with the
Declaration of Helsinki. It was approved by the Pusan National
University Hospital Institutional Review Board at the Clinical
Trial Center (Institutional Review Board No. 2111-013-108).

Diagnosis of POD

We used the Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition (DSM-V) and Confusion Assessment
Method (CAM) to evaluate and identify POD. All patients with
POD were diagnosed via psychiatric consultations. Table 1
lists the full diagnostic criteria from the DSM-V, and defines
the key feature of delirium as a disturbance in attention and
awareness [5]. Many assessment tools have been developed to
easily and quickly detect and evaluate delirium. The CAM is a
screening tool that consists of four features: (a) an acute onset
and fluctuating course of mental state, (b) inattention, (c) dis-
organized thinking, and (d) an altered level of consciousness.
Delirium is diagnosed when features (a) and (b) are satisfied
essentially, and (c) or (d) selectively [6].

Reference ranges of laboratory data

We defined a high C-reactive protein (CRP) value of over 0.5
mg/dL as the reference range at our institution. Furthermore,
low hemoglobin was defined as values below 12.5 g/dL, and
hypoalbuminemia was below 3.3 g/dL. Impaired renal function
was defined as a creatinine level of > 1.2 mg/dL. Neutrophilia

was defined as a neutrophil rate of > 73%. The reference ranges
for sodium and potassium were 138-148 mmol/L and 3.5-5.3
mmol/L, respectively. All of these were preoperative results
and serum levels.

Management of POD

Our treatment strategy for POD involved two tracts. First,
the non-pharmacologic prevention strategy included adequate
oxygen delivery and fluid and electrolyte balance correction.
Non-pharmacological prevention requires a multidisciplinary
team approach. Hence, we provided adequate nutritional in-
take, and encouraged early mobility. Second, in pharmacologic
treatment, it is necessary to treat the causes of delirium, such
as postoperative pain and sleep deprivation. Therefore, we ad-
ministered painkillers, such as non-steroidal anti-inflammato-
ry drugs, opiates, trazodone, and quetiapine, for proper sleep
induction. Haloperidol, risperidone, quetiapine, and lorazepam
were also administered, if and when the patient developed agi-
tation and hallucinations.

Statistical analysis

Statistical analyses were performed using the SPSS software
version 20.0 (IBM Corp.). Continuous variables are presented
as the mean + standard deviation. Intergroup comparisons
were performed using the independent t-test or Wilcoxon
rank-sum test. The chi-square or Fisher’s exact test was used
to analyze categorical variables. We demonstrated independent
risk factors for POD using logistic regression analysis. Signifi-
cance was set at p < 0.05.

RESULTS

Demographics and surgical outcomes of patients

Table 2 summarizes the patient demographics. The incidence
of POD after cholecystectomy was 10.4%. The mean patient age
was 78.88 years, and 44.8% of the patients were female. Laparo-
scopic and open surgeries were performed in 93.5% and 6.5% of
patients, respectively. Preoperative interventions, such as endo-
scopic retrograde cholangiopancreatography and percutaneous

Table 1. Definition of delirium in the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition [5]

Diagnostic criteria

A. A disturbance in attention (i.e,, reduced ability to direct, focus, sustain, and shift attention) and awareness
(reduced orientation to the environment).
B. The disturbance develops over a short period of time (usually hours to a few days), represents a change from
baseline attention and awareness, and tends to fluctuate in severity during the course of a day.
C. An additional disturbance in cognition (e.g., memory deficit, disorientation, language, visuospatial ability, or perception).
D. The disturbances in criteria A and C are not better explained by another preexisting, established, or evolving neurocognitive disorder and

do not occur in the context of a severely reduced level of arousal, such as coma.

E. There is evidence from the history, physical examination, or laboratory findings that
the disturbance is a direct physiological consequence of another medical condition, substance intoxication or withdrawal
(i.e., due to a drug of abuse or to a medication), or exposure to a toxin, or is due to multiple etiologies.
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Table 2. Demographic features of the patients

Variable Total (n =201) Non-POD group (n = 180) POD group (n =21) p-value

Sex (female) 90 (44.8) 79 (43.9) 11 (52.4) 0.459
Age (yr) 78.88 £3.52 78.76 £ 3.49 79.95 £ 3.63 0.140
BMI (kg/m?) 23.76 £2.91 23.94 £24.11 22.18+3.87 0.008
Symptoms 129 (64.2) 116 (64.4) 13(61.9) 0.818
ASA (Il IV) 64 (31.8) 55 (30.6) 9(42.9) 0.252
Admission status

Wheelchair/stretch car 76 (37.8) 63 (35.0) 13(61.9) 0.016
Underlying disease

Medical disease 162 (80.6) 144 (80.0) 18 (85.7) 0.531

Neuropsychiatric disease 40(19.9) 32(17.8) 8(38.1) 0.027
Preoperative intervention

ERCP 49 (24.4) 46 (25.6) 3(14.3) 0.255

PTGBD 74 (36.8) 61(33.9) 13(61.9) 0.012
Extended operation 9(4.5) 8(4.4) 1(4.8) 0.947
Lapa (versus open) 188 (93.5) 169 (93.9) 19 (90.5) 0.547
Previous operation 74 (36.8) 64 (35.6) 10 (47.6) 0.278
Positive culture rate

Blood culture 18(9.0) 14 (7.8) 4(19.0) 0.087

Bile culture 74 (36.8) 64 (35.6) 10 (47.6) 0.278

Urine culture 12 (6.0) 9(5.0) 3(14.3) 0.089
High CRP? 113 (56.2) 96 (54.5) 17 (81.0) 0.021
Low hemoglobinb) 99 (49.3) 87 (48.9) 12 (57.1) 0.474
Hypoalbuminemia(’ 37(18.4) 28 (15.6) 9(42.9) 0.002
Impaired renal function® 23(11.4) 19(10.6) 4(19.0) 0.256
NeutrophiliaE) 70 (34.8) 57 (31.7) 13(61.9) 0.007
Hyper-/hyponatremia” 85 (42.3) 72 (40.0) 13(61.9) 0.057
Hyper-/hypokalemia? 18 (9.0) 12 (6.7) 6 (28.6) 0.001
Operative time (min) 101.40 + 48.55 98.67 +45.99 124.8 £ 63.25 0.019
Hospital stay (day) 499 £13.22 4.79£13.88 6.67 +4.45 0.541
Postoperative morbidity 10 (5.0) 9(5.0) 1(4.8) 0.962
Post-discharge mortality 30(14.9) 24 (13.4) 6(28.6) 0.066

Values are presented as number (%) or mean + standard deviation.

BMI, body mass index; ASA, American Society of Anesthesiologist; ERCP, endoscopic retrograde cholangiopancreatography; PTGBD, percutaneous

transhepatic gallbladder drainage; Lapa, laparoscopic; CRP, C-reactive protein.

Reference range (serum): ’CRP (0-0.5 mg/dL); “hemoglobin (12.5-15.0 g/dL); “albumin (3.3-5.2 g/dL); “creatinine (0.4-1.2 mg/dL); “neutrophil (40%-73%);

7Na (138-148 mmol/L); 9K (3.5-5.3 mmol/L).

transhepatic gallbladder drainage (PTGBD), were performed in
24.4% and 36.8% of patients, respectively. At admission, 37.8%
of patients were immobilized using a wheelchair or stretch car.
The American Society of Anesthesiologists status > III was
seen in 31.8%. Regarding the history, 80.6% of patients were
reported to have any medical disease, while 19.9% had neu-
ropsychiatric diseases. A total of 36.8% of patients had other
operative histories.

Table 2 describes the surgical outcomes. The extension rate
of surgery due to adjacent organ injury or bleeding was 4.5%.
The mean operative time was 101.4 min, and the mean length
of hospital stay was 4.99 days. The overall postoperative mor-
bidity (Clavien-Dindo grade III or IV) was 5.0%. The post-dis-

charge mortality rate, not related to surgery, was 14.9%.

Univariate analysis for risk factors of POD

In the univariate analysis, the body mass index (BMI) was
significantly lower in the POD group than in the non-POD
group (22.18 + 3.87 vs. 23.94 + 24.11 kg/m’, p = 0.008). POD
was more frequent in patients using a wheelchair or stretch
car than in the mobile ones (61.9% vs. 35.0%, p = 0.016). The
rate of neuropsychiatric disease was 38.1% in the POD group,
which was significantly higher than that in the non-POD
group (17.8%, p = 0.027). Preoperative intervention (PTGBD)
was performed more frequently in the POD group than in the
non-POD group (61.9% vs. 33.9%, p = 0.012). In addition, pre-
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operative blood tests were different in both groups. High CRP
level (> 0.5 mg/dL), hypoalbuminemia, and neutrophila were
higher in the POD group (81.0% vs. 54.5%, p = 0.021; 42.9% vs.
15.6%, p = 0.002; and 61.9% vs. 31.7%, p = 0.007, respectively).
Electrolyte imbalance, especially serum potassium imbalance,
was more frequently observed in the POD group (28.6% vs.
6.7%, p = 0.001). Among the surgery-related factors, the mean
operative time was significantly different between the groups
(124.80 £ 63.25 vs. 98.67 + 45.99 min, p = 0.019) (Table 2, 3).

Multivariate analysis for risk factors of POD

In the multivariate analysis, lower BMI (odds ratio [OR],
2.796; p = 0.024), neuropsychiatric disease history (OR, 3.019;
p = 0.049), hypo-/hyperkalemia (OR, 5.972; p = 0.007), and
longer operative time (OR, 1.011; p = 0.013) were independent
significant risk factors for POD after cholecystectomy in older

Table 3. Risk factors for postoperative delirium after cholecystectomy

patients (Table 3).

DISCUSSION

Delirium is a cognitive disturbance that is characterized by
acute and fluctuating impairments in attention and awareness
[1-3]. Compared with dementia, a disease that deteriorates
brain function chronically, delirium shows very similar symp-
toms, but when the causative factors are normalized, is mostly
ameliorated [4].

Multiple risk factors for POD have been identified. Pisani et
al. [7] presented evidence-based and consensus statements for
preoperative, intraoperative, and postoperative risk factors for
POD. The preoperative factors were advanced age, comorbidi-
ties, preoperative fluid fasting and dehydration, hyponatremia
or hypernatremia, and anticholinergic drugs. During surgery,

Univariate analysis

Multivariate analysis

Variable
p-value QOdds ratio (95% Cl) p-value

Sex (female) 0.46 - -
Age (yr) 0.14 - -
BMI (kg/mz) 0.008 2.796 (1.474-16.49) 0.024
Symptoms 0.82 - -
ASA (Ill, IV) 0.25 - -
Admission status (wheel chair/stretch car) 0.02 0.948 (0.307-2.930) 0.919
Underlying disease

Medical disease 0.53 - -

Neuropsychiatric disease 0.03 3.019(1.003-9.081) 0.049
Preoperative ERCP 0.26 - -
PTGBD 0.01 0.687 (0.230-2.051) 0.501
Extended operation 0.95 - -
Lapa (versus open) 0.55 - -
Previous operation 0.28 - -
Positive culture rate

Blood culture 0.09 - -

Bile culture 0.28 - -

Urine culture 0.09 - -
High CRP? 0.02 0.618 (0.156-2.449) 0.494
Low hemoglobin® 0.47 - -
Hypoalbuminemiac’ 0.002 0.954 (0.260-3.495) 0.943
Impaired renal function® 0.26 - -
Neutrophilia® 0.007 2.701 (0.972-7.506) 0.057
Hyper/hyponatremia” 0.06 - -
Hyper/hypokalemia® 0.001 5.972 (1.638-21.760) 0.007
Operative time (min) 0.02 1.011 (1.002-1.020) 0.013
Hospital stay (day) 0.96 - -

BMI, body mass index; ASA, American Society of Anesthesiologist; ERCP, endoscopic retrograde cholangiopancreatography; PTGBD, percutaneous
transhepatic gallbladder drainage; Lapa, laparoscopic; CRP, C-reactive protein; Cl, confidence interval.

Reference range (serum): “CRP (0-0.5 mg/dL); “hemoglobin (12.5-15.0 g/dL); “albumin (3.3-5.2 g/dL); “creatinine (0.4-1.2 mg/dL); “neutrophil (40%-73%);
Na (138-148 mmol/L); °K (3.5-5.3 mmol/L).
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the site of surgery (abdominal and cardiothoracic) and intra-
operative bleeding were significant factors for POD. In addi-
tion, pain was identified as a postoperative risk factor. Recent
studies identified systemic stress and inflammatory response
as playing important roles in the development of this condition
[10,11].

Based on our study results, we classified the risk factors for
POD into several categories. First, the patient’s general status
at admission was a significant factor. POD was more frequent
in admitted patients using a wheelchair or stretch car, than
in those who were mobile. In addition, 38.1% of patients with
POD had neuropsychiatric diseases; this rate was significantly
higher than that in the non-POD group. Second, the severity
of inflammation affected the occurrence of POD. Patients
with neutrophilia and high CRP levels showed a significantly
higher incidence of POD. In addition, poor nutritional status,
represented by lower BMI and hypoalbuminemia, increased
the occurrence of POD. Electrolyte imbalance, such as hypo-/
hyperkalemia, was also a significant risk factor for POD. Final-
ly, perioperative stressful conditions can be induced by preop-
erative PTGBD insertion or longer operative time, and these
factors were also significant contributors to POD. Among these
factors, we demonstrated that lower BMI, neuropsychiatric
disease history, hyper-/hypokalemia, and longer operative time
were independent significant risk factors for POD after chole-
cystectomy in older patients.

POD commonly occurs between postoperative days (2 and
5) [1-3]. The occurrence of POD prolongs hospital stay by 2-3
days, and intensive care unit stay for 2 days [12-14]. In our
study, most patients experienced POD over 2-3 days. We re-
ported POD occurrence based on medical records and medi-
cation board. POD is also associated with surgery-related mor-
tality of 7%-10%, compared to 1% recorded in patients without
delirium [15]. Several studies have shown that POD is associ-
ated with both short- and long-term cognitive impairments
[16-18]. The clinical course of cognitive impairment following
POD is characterized by an initial decline and prolonged de-
terioration [16]. One study suggested an association between
POD and dementia up to 5 years after delirium [19]. POD is
associated with significant functional decline, and a two-to-
three times higher risk of requiring care facilities on discharge
[20,21].

In our study, patients with POD had longer hospital stays
than those without POD, although the difference was insignif-
icant (4.8 vs. 6.7 days, p = 0.541). The reason for the long hos-
pital stay for some patients was mostly due to the exacerbation
of the underlying disease. In addition, there was some major
complication, such as bile leak, pneumonia, and cardiovascular
complication. However, there was no significant difference be-
tween the two groups at 5.0% vs. 4.8%. However, postoperative
mortality was higher in the POD group (13.4% vs. 28.6%, p =
0.066), although no significant difference was noted between
the two groups. This may be a bias for patients aged > 75 years.

This study has some limitations. Most of the patients were el-
derly, and had a medical or psychiatric underlying disorder. So,
after surgery, when it was thought that the patient was surgi-
cally recovered, the patient was transferred to another medical
department, or to professional nursing facilities. Almost all pa-
tients transferred without full recovery of POD. Therefore, the
detailed course of deterioration or improvement of POD could
not be precisely confirmed. Most patients were discharged or
transferred without resolution of POD during a short hospital-
ization period.

The management of POD is the same as that of general de-
lirium. The treatment of the precipitating factor is important
for POD prevention [22,23]; hence, current management ap-
proaches of delirium mainly focus on precipitants. However,
if the precipitating factor is surgery, which is inevitable, other
approaches should also be considered. Regarding POD preven-
tion, managing the predisposing factors of delirium is essen-
tial, and would decrease delirium-associated morbidity and
mortality.

In conclusion, cholecystectomy is a relatively safe operation
in the surgical field, but the incidence of POD is high in older
patients. In addition, POD is associated with the degree of in-
flammation, general condition, poor nutritional status, electro-
lyte imbalance, and stressful conditions. Hence, it is important
to recognize the risk factors that require multidisciplinary
team approaches to prevent and treat POD, especially in high-
risk patients.
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