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ABSTRACT
Background and Objectives: Acute acalculous cholecystitis (AAC) often occurs in critically
ill patients, especially in those that have experienced trauma, surgery, shock, and prolonged
fasting. Early enteral nutrition has been shown to significantly reduce morbidity and mortality
compared to other nutritional support strategies. The purpose of this study was to evaluate the
effect of early enteral nutrition on the incidence of AAC among trauma patients. Methods
and Study Design: Multi-strategy nutritional protocol was implemented in the intensive care
unit (ICU) in 2016 for early enteral nutrition and proper nutritional support. The traumatized
critically-ill patients without volitional intake who were admitted to ICU between 2015 and
2017 were included. Basic characteristics, duration of fasting, and the incidence of
percutaneous cholecystostomy (PC) due to AAC were analyzed according to the year. Results:
Enteral nutrition was indicated in 552 trauma patients (28.2%). The mean duration of fasting
was shortened from 6.5 days in 2015 to 5.4 days in 2017 (p=0.202). The incidence of PC was
significantly decreased from 2015 to 2017 [6/171 (3.5%) vs. 6/204 (2.9%) vs. 0/177 (0%),
p=0.023]. The provision of central parenteral nutrition (p=0.001) and fasting over 7 days
(p=0.014) proved to be a risk factor of AAC. Conclusions: This study showed that the
incidence of PC due to AAC was decreased significantly after the implementation of a
nutritional protocol among traumatized critically ill patients. Early enteral nutrition may be
effective in reducing the AAC among trauma patients who are at high risk of AAC.
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INTRODUCTION
Acute acalculous cholecystitis (AAC) is defined as an acute inflammatory disease of the
gallbladder without gallstones. It is traditionally known to occur in critically ill patients.1,2
The reported rate of AAC is commonly about 0.2–1.0% of all critically ill patients.3 The
pathophysiology of AAC is known to be multifactorial, likely resulting from bile stasis and
gallbladder ischemia.3,4 The commonly associated risk factors of AAC are trauma, recent
surgery, shock, burn, sepsis, total parenteral nutrition, prolonged fasting, transfusion, and
opioid therapy.1,5 The clinical course of AAC tends to be more fulminant compared to acute
calculous cholecystitis with a high mortality from 10% up to 90%.1,3,6-8
Early enteral nutrition has gained sufficient evidence of superiority over other methods of
nutritional support. The beneficial effects of enteral nutrition compared to parenteral nutrition
on morbidity and mortality are well documented in numerous randomized clinical trials
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involving a variety of patient populations in critical illness.9-11 Early provision of enteral
nutrition was associated with a significant reduction in morbidity, mortality, and length of
hospital stay compared to delayed enteral nutrition in updated meta-analyses.12-14 Initiating
enteral nutrition within 24–48 hours is commonly recommended by current guidelines from
various societies worldwide.9,15,16
In the aspect of AAC, early provision of enteral nutrition may reduce or prevent critically
ill patients from known risk factors of AAC such as prolonged fasting and provision of total
parenteral nutrition. The multi-strategy nutritional protocol was developed and implemented
in the trauma intensive care unit (ICU) of Dankook University Hospital based on the current
guidelines. The protocol aimed to promote early enteral nutrition and to provide proper
nutritional support. The purpose of this study was to evaluate the effect of early enteral
nutrition on the incidence of AAC among trauma patients.

MATERIALS AND METHODS
Nutrition protocol
The study was approved by the Institutional Review Board (DKUH 2018-09-015). The
nutritional protocol was designed for critically ill patients who were admitted to the ICU (Fig.
1). Patients without volitional intake were assessed for suitability for enteral nutrition. Enteral
feeding was initiated with a continuous infusion method at a rate of 20 mL per hour among
patients who were hemodynamically stable after resuscitation. The rate of infusion was
gradually increased every 8 hours according to the protocol to reach the target calorie within a
week after admission. The daily reassessment was done to those who were regarded as
inappropriate for enteral nutrition at the initial assessment to start enteral nutrition at the
earliest date.

Diagnosis and management of acute cholecystitis
Acute cholecystitis was defined and graded according to the Tokyo guidelines 2018.17-19
Ultrasonography and abdominal CT were used as diagnostic tools. Indications for PC
insertion included a failure to respond to initial medical treatment. Since patients were in
conditions such as multiple trauma requiring intensive care, shock, or high operative risk, PC
was chosen as a treatment modality over emergent cholecystectomy.
In all patients, PC was performed by interventional radiologists under ultrasonographic and
fluoroscopic guidance. The catheter was usually indwelled for approximately 3 weeks for
achieving maturation of the tract and removed when patients showed resolution of clinical
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symptoms, fever, leukocytosis, and a patent cystic duct on tubograms. Interval
cholecystectomy was performed in those who did not meet these criteria.

Data collection
Since the nutritional protocol was implemented in 2016 in the trauma ICU, patients from
January 2015 to December 2017 were included in the present retrospective study.
Traumatized, critically-ill patients who were admitted to trauma ICU were reviewed and those
fed orally as their first meal were excluded from candidates for enteral nutrition. Among the
candidates of enteral nutrition, parameters regarding basic characteristics: trauma-related
information, duration of fasting, and incidence of percutaneous cholecystostomy due to AAC
were collected. The incidences of percutaneous cholecystostomy catheter insertion before
(2015), during (2016), and after (2017) the implementation of nutritional protocol was
compared. The risk factor of AAC was also analyzed.

Statistical analysis
Continuous variables were compared by paired t-tests and categorical variables by Chi-square
tests. One-way analysis of variance was used to evaluate the difference of outcomes according
to the year. Risk factors for AAC were analyzed by multiple logistic regression analysis. Odds
ratios (OR) and 95% confidence intervals (CI) were calculated. p values < 0.05 were
considered statistically significant. All statistical analyses were performed using PASW
Statistics 19 (IBM Corp., Somers, NY, USA).

RESULTS
Patient characteristics
A total of 1957 patients were admitted to trauma ICU from 2015 to 2017. Enteral nutrition
was indicated in 552 patients (28.2%). The mean age of the candidates of enteral nutrition
was 60.2 years and male consisted of 78.3%. Injury severity score over 15 consisted of 77.9%
and head injury was observed in 77.5%. Enteral feeding was delivered in 61.6% of the
candidates with a mean duration of fasting of 5.8 days (Table 1). The patients who were not
able to proceed with enteral nutrition were mortality cases (n=212).

Outcomes
Basic characteristics and trauma-related parameters were not different according to the year
among candidates of enteral nutrition (Table 2). Mean duration of fasting was shortened from
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6.5 days to 5.4 days, however, there was no statistical significance (p=0.202). There was no
difference in the ratio of delivered enteral nutrition (p=0.508), parenteral nutrition (p=0.650),
and the time to initiate central parenteral nutrition (p=0.631). Incidence of PC catheter
insertion was significantly decreased from 2015 to 2017 [6/171 (3.5%) vs 6/204 (2.9%) vs
0/177 (0%), p=0.023] (Table 3). Regarding overall trauma ICU patients (n=1957), incidence
of PC catheter insertion also significantly decreased from 2015 to 2017 [8/589 (1.3%) vs.
6/684 (0.8%) vs 0/684 (0%), p=0.003].
AAC was significantly associated with provision of central parenteral nutrition (58.3% vs.
16.3%, p=0.001) and fasting over 7 days (41.7% vs. 75.4%, p=0.014). In multivariate analysis,
provision of central parenteral nutrition was the only risk factor of AAC (OR=5.299, p=0.008)
(Table 4).

Patients managed with percutaneous cholecystostomy
Among 12 patients who were managed with percutaneous cholecystostomy, two patients
underwent interval cholecystectomy. Six patients removed PC catheter without catheterrelated complication or recurrence of AAC. Four patients kept PC catheter until they were
transferred to the community hospital or expired. Overall, 5 patients died from various causes
other than AAC (Table 5).

DISCUSSION
Among risk factors of AAC, trauma is well known to be associated with AAC according to
previous studies1,5,20,21 and several case series of AAC after trauma have been reported.5,22-26
The overall incidence of PC catheter insertion in this study (1.0% in 2015 and 0.8% in 2016,
respectively) was comparable to the previous reports.3
Early diagnosis enables prompt intervention to prevent inflammation of the gallbladder
thus providing more chances for early resolution of AAC and favorable outcome. However,
traumatized critically ill patients are frequently sedated, intubated, and has an injury of the
central nervous system which makes diagnosis challenging. Diagnosis may be often
postponed until a patient shows a significant clinical deterioration. There have been several
efforts for early diagnosis of AAC after trauma.5,27 Ultrasonography may provide helpful
information,5 however, routine surveillance has insufficient evidence for its low sensitivity.27
Severity grading of AAC can also be ambiguous since patients are frequently in shock or
organ dysfunction before the development of AAC as in the present study.
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Among several treatment options for AAC, urgent/early laparoscopic cholecystectomy is
recommended as the first-line treatment in patients with good performance status.18,19 In
critically ill patients, PC is considered as a definitive treatment for AAC without subsequent
cholecystectomy, based on the evidence of PC being safe, rapid, and highly efficacious in
treating AAC.2,28-30 According to these guidelines and pieces of evidence, PC was chosen
over emergent cholecystectomy in patients of this cohort.
The risk factors of AAC in this study, fasting over 7 days and provision of central
parenteral nutrition, were in accordance with previous reports. With huge efforts to implement
the nutritional protocol, the duration of fasting was reduced more than one day and the
number of patients who needed PC catheter insertion due to AAC was markedly reduced in
the current study. This implicates early enteral nutrition might be effective in reducing AAC
among trauma patients and protocolized nutritional support which is recommended by the
guidelines might be helpful in the prevention or modifying risk factors of AAC.
However, a decrease in the duration of fasting was not statistically significant in the present
study. Since all accessible basic parameters of the patients, the ratio of delivered enteral
nutrition, parenteral nutrition, and the time to initiate central parenteral nutrition were not
different according to year, it can be inferred that decrease in the duration of fasting after the
implementation of a nutritional protocol may have influenced the incidence of AAC.
Prospective design is needed for more solid evidence on the effect of early enteral nutrition
over AAC.
In conclusion, this study showed that the incidence of PC due to AAC was decreased
significantly after the implementation of nutritional protocol among traumatized critically ill
patients. Early enteral nutrition may be effective in reducing AAC among trauma patients
who are at high risk of AAC.
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Table 1. Demographics of the candidates for enteral nutrition
Parameter
Age (years), mean±SD
Sex (male)
Injury Severity Score (ISS), mean±SD
ISS ≥15
ISS ≥25
Injured sites
Head
Chest
Abdomen
Pelvis and extremities
Enteral nutrition delivered
Duration of fasting (days), mean±SD
Length of ICU stay (days), mean±SD
Length of hospital stay (days), mean±SD

n=552
60.5±18.8
432 (78.3%)
24.0±12.0
430 (77.9%)
313 (56.7%)
428 (77.5%)
227 (41.1%)
163 (29.5%)
227 (41.1%)
340 (61.6%)
5.8±4.0
14.0±20.1
33.1±43.0

SD: standard deviation.

Table 2. Basic characteristics of the candidates for enteral nutrition according to year
Parameter
Age (years), mean±SD
Sex (male)
ISS, mean±SD
ISS ≥25
GCS score, mean±SD
Triage-RTS, mean±SD
TRISS, mean±SD
Initial pH
Transfused units of pRBC during the initial
24 hours

2015 (n=171)
59.5±19.2
135 (78.9%)
24.4±13.7
100 (58.5%)
9.7±4.4
9.8±2.4
1.72±1.1
7.34±0.1
9.5±15.0

2016 (n=204)
61.8±18.7
155 (76.0%)
23.6±11.6
111 (54.4%)
9.5±4.5
9.6±2.8
1.81±1.0
7.34±0.2
8.8±15.1

2017 (n=177)
60.1±18.8
142 (80.2%)
24.3±10.8
102 (58.0%)
9.5±4.9
9.9±2.5
1.84 ±1.0
7.34±0.1
7.1±12.9

p-value
0.541
0.585
0.340
0.682
0.928
0.546
0.607
0.966
0.274

GCS: Glasgow Coma Scale; ISS: injury severity score; pRBC: packed red blood cells; RTS: Revised Trauma Score; SD: standard
deviation; TRISS: Trauma Score–Injury Severity Score.
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Table 3. Outcomes according to year
Parameter
Duration of fasting (days), mean±SD
Enteral nutrition delivered
Provision of central PN
Time to initiate central PN (days), mean±SD
Percutaneous cholecystostomy due to AAC
Length of ICU stay (days), mean±SD
Length of hospital stay (days), mean±SD (median)

2015 (n=171)
6.5±6.3
103 (60.2%)
54 (9.2%)
10.8±15.6
6 (3.5%)
13.5±15.7
30.1±38.4 (17.0)

2016 (n=204)
5.6±5.5
132 (64.7%)
53 (7.7%)
10.7±26.5
6 (2.9%)
14.5±24.6
40.5±51.0 (22.5)

2017 (n=177)
5.4±5.4
105 (59.3%)
56 (8.2%)
10.4±16.5
0 (0%)
13.9±18.2
27.7±35.5 (14.0)

p-value
0.202
0.508
0.650
0.631
0.023
0.753
0.001

AAC: acute acalculous cholecystitis; ICU: intensive care unit; SD: standard deviation; PN: parenteral nutrition.

Table 4. Risk factor analysis of acute acalculous cholecystitis
Parameter
Age (years), mean ± SD
ISS, mean ± SD
Abdominal injury
Central PN
Peripheral PN
Fasting > 7 days

PC due to AAC
(n=12)
64.2±17.3
28.5±9.0
5 (41.7%)
7 (58.3%)
10 (83.3%)
6 (50.0%)

No AAC
(n=540)
60.5±18.8
24.0±12.1
158 (29.3%)
88 (16.3%)
350 (64.8%)
132 (24.5%)

Univariate
p-value
0.500
0.197
0.350
0.001
0.232
0.014

Multivariate
OR (95% CI)
p-value

5.299 (1.547-18.148)

0.008

2.708 (0.790-9.285)

0.113

AAC: acute acalculous cholecystitis; CI: confidence interval; ISS: injury severity score; OR: odds ratio; SD: standard deviation; PC:
percutaneous cholecystostomy; PN: parenteral nutrition.
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Table 5. Details of the patients managed with percutaneous cholecystostomy
Age/sex

ISS

Injured site

78/F
63/M
84/M
71/M
66/M
19/F
74/F
51/M
57/M
64/M
62/M
81/M

14
26
26
35
29
45
29
19
33
20
25
41

C, P, E
H, C
H
H
C, A, P,
H, Fa, C, E
H, A, P
C, A, E
H, Fa, A, E
C, A
H
H, Fa, C, A, E

Onset of AAC
after
injury
(days)
12
17
12
14
20
22
108
34
9
10
8
10

AAC
severity
grade*
2
2
3
2
3
2
2
2
2
3
3
2

Final management

Status

Cholecystectomy
Cholecystectomy
PC removal  no recurrence
PC removal  no recurrence
PC removal  no recurrence
PC removal  no recurrence
PC removal  no recurrence
PC removal  no recurrence
PC in situ
PC in situ
PC in situ
PC in situ

Alive
Alive
Alive
Alive
Alive
Alive
Died because of ARDS
Died because of sepsis
Alive, transfer
Died because of leak
Died because of ARDS
Died because of fungemia

A: abdomen; AAC: acute acalculous cholecystitis; ARDS: acute respiratory distress syndrome; C: chest; E: extremities; F: female;
Fa: face; H: head; ISS: injury severity score; M: male; P: pelvis; PC: percutaneous cholecystostomy.
*
Severity was graded according to the Tokyo Guideline 2018 (TG 18).
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Figure 1. Nutritional protocol of Dankook Univeristy Hospital. BMI: body mass index; EN: enteral nutrition; GRV: gastric residual volume; NST: nutrition support team; P/E: physical examination; PEG:
percutaneous endoscopic gastrostomy; PN: parenteral nutrition; RTH: ready to hang.

