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Abstract Laparoscopic cholecystectomy (LC) performed
for acute cholecystitis (AC) is usually advised within 72 h
of symptom onset. This study aimed to evaluate the out-
comes of LC beyond 72 h after presentation. A total of 94
patients underwent LC for AC between January 2012 and
February 2015: 70 underwent early LC (ELC, operation
within 72 h of symptom onset) and 24 underwent late LC
(LLC, beyond 72 h). The outcomes of the groups were
compared. Preoperative C-reactive protein (CRP) levels
were significantly higher in the LLC group [9.81
(0.41-38.00) mg/dL] compared to the ELC group [1.05
(0.05-24.20) mg/dL; P = 0.001]. Between-group differ-
ences were also observed in operative time, blood loss, and
postoperative hospital stay [ELC, 76 (37-141) minutes, 10
(1-650) ml and 4 (3—12) days; LLC, 89 (48-234) minutes,
40 (1-3500) ml, and 6 (4-35) days; P = 0.048, 0.007,
and <0.001]. The conversion rate of laparoscopic to open
cholecystectomy was significantly higher in the LLC group
(17%) than the ELC group (1%; P = 0.014). Univariate
analysis identified LLC, CRP >10 mg/dL, and failure to
create a critical view of safety as risk factors for conversion
to open surgery, while operative time >90 min and blood
loss >100 ml were risk factors for complications. LLC is
associated with longer operation times, greater blood loss,
longer hospital stays and higher conversion rates than ELC.
Using a high CRP value as a criterion for selecting a sur-
gical procedure, whether open or laparoscopic, would
decrease the conversion rate of LLC, which may reduce
operation times and blood loss.
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Introduction

According to the updated Tokyo Guidelines 2013 (TG13),
the optimal treatment for acute cholecystitis (AC) is early
laparoscopic cholecystectomy (LC), particularly when less
than 72 h have passed since the onset of symptoms [1].
However, using this treatment for AC beyond 72 h of
symptom onset is controversial. Because the operative dif-
ficulty of LC for late AC is greater, elective surgery has been
recommended after several weeks or more; alternatively,
careful LC may be performed by an expert team [1, 2]. A
recent randomized trial showed that immediate LC should
become the therapy of choice for AC in operable patients,
although the time of symptom onset was not reported [3]. To
date, a few reports have compared the surgical results of LC
performed within vs. beyond 72 h of symptom onset.

Here, we analyzed the clinical features and surgical
outcome of LC for AC both within and beyond 72 h of
symptom onset. The aim of this study was to evaluate the
outcomes of LC beyond 72 h of presentation and to
develop a new criterion for the therapeutic strategy used for
AC, especially for late AC.

Methods

Patient selection
We identified 94 patients who underwent LC for AC

between January 2012 and February 2015 at the Depart-
ment of Surgery, Ogaki Municipal Hospital.
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Patients with AC were divided into two groups based on
the time that had elapsed between symptom onset and
surgery: the patients in the early LC (ELC) group were
operated on within 72 h of symptom onset, and the patients
in the late LC (LLC) group were operated on beyond 72 h
after symptom onset [2]. The outcomes of the groups were
compared.

AC was diagnosed following current diagnostic criteria
[4]. When AC was suspected based on clinical signs
(Murphy’s sign, right upper abdominal quadrant pain, and
fever) and blood test results [elevated C-reactive protein
(CRP) levels or elevated white blood cell (WBC) counts], a
definite diagnosis was made through confirmation by
diagnostic imaging using ultrasonography and/or computed
tomography (CT) scans. The imaging findings for AC
include an enlarged gallbladder, wall thickening, sub-
serosal edema, and mucosal enhancement. After diagnos-
ing AC, magnetic resonance cholangiopancreatography
(MRCP) was performed to obtain a cholangiogram of
sufficient quality to exclude common bile duct stones.

According to our institutional policy, LC was performed
for AC for patients without previous upper abdominal
laparotomy and without major co-morbidity. For patients
with organ dysfunction (i.e., cardiovascular or respiratory
dysfunction or coagulation), previous upper abdominal
surgery or low-performance status, we performed primary
open cholecystectomy; these patients were excluded from
the study cohort.

Even for patients with preoperative strict inflammation,
our policy was to use LC. In contrast, for patients with
perforated AC or Mirizzi syndrome, we typically per-
formed primary open cholecystectomy. Patients with
choledocholithiasis, cholangitis or gallbladder tumors were
also excluded from this study. For these patients, we typ-
ically consider cholecystectomy only after conservative
treatment, such as antibiotic therapy or percutaneous
transhepatic gallbladder drainage (PTGBD). Disease
severity was classified according to the TG13 [4].

Surgical procedure

LC was performed as soon as possible after confirmation of
AC. Perioperative intravenous antibiotic therapy was
administered to all patients. Residents usually performed
LC with a senior doctor who had more than 10 years of
surgical experience.

The standard four-trocar operative technique was used
for LC. Because the gallbladder was usually distended, it
was first aspired and decompressed. To create a critical
view of safety, Calot’s triangle was dissected of fat and
fibrous tissue and the lower end of the gallbladder was
dissected off the liver bed [1, 5]. When dense adhesions
were present at Calot’s triangle and it was difficult to create
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a critical view of safety, either the structures in the lowest
part of the gallbladder were carefully ligated or retrograde
cholecystectomy was performed to avoid common bile
duct injury. However, we readily converted to open surgery
when experiencing difficulties performing LC [1]. A drain
was routinely left in the gallbladder bed. Follow-up at the
outpatient clinic continued until the patients felt fully
recovered and had no further postoperative complaints.

Statistical analysis

Measurement values for continuous variables are expressed
as the median (range) or the mean + standard deviation.
Case characteristics were compared using the Mann—
Whitney U test for continuous variables and the Chi-square
test for categorical variables. Fisher’s exact test was also
applied when appropriate. Multivariate analysis was per-
formed with a logistic regression test using a forward
stepwise selection model. The results were considered
statistically significant for P values <0.05. All calculations
were performed using the IBM SPSS Statistics 16 software
package (IBM Japan Inc., Tokyo, Japan).

Results
Comparison between early and late LC

Figure 1 shows the number of cases separated according to
the time from symptom onset to operation. A total of 94
patients underwent LC for AC; 70 patients underwent ELC
and 24 underwent LLC. The outcomes of the groups were
compared (Table 1).

Age, gender, and body mass index distributions were
similar between the groups. In total, 33 of the 70 (47%)
patients who underwent ELC had known existence of their
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Fig. 1 Patients classified according to the time elapsed from
symptom onset to operation
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gallstones preoperatively, whereas only 4 of the 24 (17%)
patients who underwent LLC had known their gallstones
(P = 0.008). The preoperative laboratory data were rela-
tively comparable between the two groups. However,
preoperative CRP levels were significantly higher in the
LLC group [9.81 (0.41-38.00) mg/dL] compared to the
ELC group [1.05 (0.05-24.20) mg/dL; P = 0.001], and
albumin levels in the LLC group were significantly lower

[4.2 (3.0-4.6) g/dL] than in the ELC group [4.5 (3.0-5.8)
g/dL; P = 0.001]. Tokyo severity grade differed between
the groups, because the criteria for grade II AC include
symptom persistence for more than 72 h after symptom
onset [4].

Between-group differences in operative time and blood
loss were also observed [ELC, 76 (37-141) minutes, 10
(1-650) ml; LLC, 89 (48-234) minutes, 40 (1-3500) ml;

Table 1 Comparison of clinical characteristics between early and late laparoscopic cholecystectomy for acute cholecystitis

Duration from symptom Early LC Late LC Univariate P
onset to operation Within 72 h Beyond 72 h
(n=170) (n=24)

Age (years) 56 (20-79) 59 (35-81) 0.256
Sex

Men 46 (66%) 16 (67%) 0.932

Women 24 (34%) 8 (33%)
Stature (cm) 163 (142-182) 166 (143-179) 0.757
Weight (kg) 70 (36-91) 67 (50-111) 0.683
Body mass index (kg/m?) 24.8 (16.2-35.2) 24.5 (17.7-42.3) 0.862
Gall stones

Known 33 (47%) 4 (17%) 0.008

Unknown 37 (53%) 20 (83%)
AST (IU/1) 22 (12-116) 25 (13-332) 0.842
ALT (IU/) 24 (9-92) 26 (7-333) 0.869
T-Bil (mg/dl) 0.8 (0.3-0.8) 1.1 (0.4-6.3) 0.063
Cre (mg/dl) 0.68 (0.30-8.50) 0.65 (0.44-1.41) 0.183
Alb (g/dl) 4.5 (3.0-5.8) 4.2 (3.0-4.6) 0.001
CRP (mg/dl) 1.05 (0.05-24.20) 9.81 (0.41-38.00) 0.001
WBC (wdl) 11,870 (3170-24,500) 13,010 (1250-21,430) 0.952
Plt (10*/mm?) 22.2 (7.5-40.0) 26.6 (5.4-40.9) 0.483
PT-INR 1.02 (0.84-1.31) 1.06 (0.95-1.18) 0.135
Tokyo severity grade [4]

Grade I 62 (89%) 0 <0.001

Grade 11 4 (6%) 23 (96%)

Grade III 4 (6%) 1 (4%)
Experience of surgeons (years)

34 22 (31%) 6 (25%) 0.758

5-9 42 (60%) 15 (63%)

>10 6 (9%) 3 (13%)
Operative time (min) 76 (37-171) 89 (48-234) 0.048
Blood loss (ml) 10 (1-650) 40 (1-3500) 0.007
Creation of a critical view of safety

Achieved 64 (91%) 13 (54%) <0.001

Failed 6 (9%) 11 (46%)
Conversion to open surgery 1 (1%) 4 (17%) 0.014
With complication (>Grade II [6]) 7 (10%) 5 (21%) 0.154
Drain removal (day) 2 (1-6) 2 (2-21) 0.002
Hospital stay (day) 4 (3-11) 6 (4-35) <0.001

Expressed as N (%) or median (range)
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Table 2 Univariate analysis of risk factors for conversion to open
cholecystectomy

No conversion Conversion Univariate P
(n = 89, 95%) (n=235,5%)

Duration from symptom onset
Within 72 h 69 (97%) 1 (1%) 0.014
Beyond 72 h 20 (83%) 4 (17%)

Age (years)
<70 71 (96%) 3 (4%) 0.287
>70 18 (90%) 2 (10%)

Sex
Men 58 (94%) 4 (7%) 0.443
Women 4 (97%) 1 (3%)

Body mass index (kg/mz)
<30 80 (94%) 5 (6%) 0.598
>30 9 (100%) 0

Gall stones
Known 36 (97%) 1 (3%) 0.343
Unknown 53 (93%) 4 (7%)

AST (1U/1)
<50 80 (94%) 5 (6%) 0.598
>50 9 (100 %) 0

ALT (IU/1)
<50 74 (94%) 5 (6%) 0411
>50 15 (100%) 0

T-Bil (mg/dl)
<2.0 78 (96%) 3 (4%) 0.139
>2.0 11 (100%) 2 (15%)

Cre (mg/dl)
<2.0 89 (96%) 4 (4%) 0.053
>2.0 0 1 (100%)

Alb (g/dl)
<3.5 5 (100%) 0 0.756
>3.5 84 (94%) 5 (6%)

CRP (mg/dl)
<10 69 (99%) 1 (1%) 0.014
>10 20 (83%) 4 (17%)

WBC (wdl)
<18,000 82 (94%) 5 (6%) 0.673
>18,000 7 (100%) 0

Plt (10%/mm?)
<10.0 x 10* 5 (94%) 5 (6%) 0.483
>10.0 x 10* 7 (100%) 0

PT-INR
<1.5 82 (95%) 5 (5%) 0.896
>1.5 2 (100%) 0

Tokyo severity grade [4]
Grade 1 62 (100%) 0 0.005
Grade 11 23 (85%) 4 (15%)
Grade 11T 4 (80%) 1 (20%)
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Table 2 continued

No conversion Conversion Univariate P
(n =89, 95%) (n=25,5%)
Creation of a critical view of safety
Achieved 77 (100%) 0 <0.001
Failed 12 (71%) 5 (29%)

Expressed as N (%)

P = 0.048, 0.007]. Of note, a critical view of safety was
created in only 13 of the 24 (54%) LLC cases, while it was
achieved in 64 of the 70 (91%) ELC cases (P < 0.001). In
addition, the rate of conversion from laparoscopic to open
surgery was significantly higher in the LLC group (17%) than
the ELC group (1%; P = 0.014). Complications, defined by
Clavien—Dindo Grade > II [6], occurred in 7 of the 70 (10%)
ELC patients and in 5 of the 24 (21%) LLC patients
(P = 0.154), and no mortality was observed. Wound infec-
tion, abscess formation, and choledocholithiasis were
observed in three cases each and were the most common
complications in the cohort. Notably, there were no instances
of major bile duct injury. The patients in the LLC group had a
significantly longer postoperative hospital stay [6 (4-35)
days] than those in the ELC group [4 (3—12) days; P < 0.001].

Risk factors for conversion to open surgery
and complications

Sixteen preoperative variables were analyzed as potential
risk factors for conversion to open surgery (Table 2).
Univariate analysis identified four variables, i.e., surgery
beyond 72 h of symptom onset, CRP >10 mg/dL, Tokyo
severity grade II or III, and failure to create a critical view
of safety, as risk factors for conversion to open surgery.
However, duration from symptom onset and Tokyo
severity grade were apparently correlated because of the
criterion associated with the latter [4]. Because the number
of patients in the conversion group was small, multivariate
analysis could not be adopted.

Among the 19 perioperative variables analyzed, operative
time >90 min and blood loss >100 ml were identified as risk
factors for complications in univariate analysis (Table 3).
Multivariate logistic regression analysis revealed blood
loss >100 ml as an independently correlated risk factor for
complications (odds ratio 7.2; 95% CI 1.9-26.7; P = 0.003).

Discussion
The present comparison of ELC and LLC showed that LLC

was associated with longer operation time, greater blood
loss, higher conversion rate and longer hospital stay
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Table 3 Univariate analysis of
risk factors for complications

Without complication

With complication

Univariate P

(n = 82, 87%) (n =12, 13%)

Duration from symptom onset
Within 72 h 63 (90%) 7 (10%) 0.154
Beyond 72 h 19 (79%) 5 (20%)

Age (years)
<70 66 (89%) 8 (11%) 0.275
>70 16 (80%) 4 (20%)

Sex
Men 54 (87%) 8 (13%) 0.616
Women 28 (88%) 4 (13%)

Body mass index (kg/mz)
<30 75 (88%) 10 (12%) 0.322
>30 7 (78%) 2 (22%)

Gall stones
Known 35 (95%) 2 (5%) 0.076
Unknown 47 (83%) 10 (18%)

AST (IU/1)
<50 74 (87%) 11 (13%) 0.678
>50 8 (89%) 1 (11%)

ALT (IUN)
<50 68 (86%) 11 (14%) 0.391
>50 14 (93%) 1 (7%)

T-Bil (mg/dl)
<2.0 71 (88%) 10 (12%) 0.522
>2.0 11 (9%) 2 (15%)

Cre (mg/dl)
<2.0 82 (88%) 11 (12%) 0.128
>2.0 0 1 (100%)

Alb (g/dl)
<35 4 (80%) 1 (20%) 0.503
>3.5 78 (88%) 11 (12%)

CRP (mg/dl)
<10 63 (90%) 7 (10%) 0.154
>10 19 (79%) 5 (21%)

WBC (wdl)
<18,000 75 (86%) 12 (14%) 0.371
>18,000 7 (100 %) 0

Plt (10%/mm?)
<10.0 x 10* 5 (100%) 0 0.497
>10.0 x 10* 77 (87%) 12 (14%)

PT-INR
<1.5 80 (87%) 12 (13%) 0.760
>1.5 2 (100%) 0

Tokyo severity grade [4]
Grade 1 56 (90%) 6 (10%) 0.456
Grade 11 22 (82%) 5 (19%)
Grade 111 4 (80%) 1 (20%)

Operative time (min)
<90 60 (94%) 4 (6%) 0.009
>90 22 (73%) 8 27%)
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Table 3 continued

Without complication

With complication Univariate P

(n = 82, 87%) n =12, 13%)

Blood loss (ml)
<100 72 (92%) 6 (8%) 0.005
>100 10 (63%) 6 (38%)

Creation of a critical view of safety
Achieved 69 (90%) 8 (10%) 0.143
Failed 13 (77%) 4 (24%)

Conversion to open surgery
Conversion 3 (60%) 2 (40%) 0.121
No conversion 79 (89%) 10 (11%)

Expressed as N (%)

compared to ELC. However, the 24 patients who under-
went LLC had acceptable surgical results. According to the
TG13, LC is recommended for patients with AC when less
than 72 h have passed since symptom onset [1]. It is well
known that LLC is relatively difficult to perform in the
presence of severe local inflammation. Generally, for LLC,
early gallbladder drainage and elective surgery after sev-
eral weeks or more are recommended [1]. However, care-
fully performed LC by a team of experts may be
acceptable [2]. Indeed, our data suggested that operative
difficulty increased as the delay from symptom onset time
increased because of an inability to create a critical view of
safety, which occurred in 11 of the 24 (46%) patients who
underwent LLC. Nonetheless, no significant between-
group differences were observed regarding complications,
and no major bile duct injury or mortality occurred. A few
studies have reported surgical results for LLC. Zhu et al.
reported favorable surgical outcomes for both ELC and
LLC in a study of 133 patients who were operated on by
two expert surgeons; both operations were deemed safe due
to the lack of conversion to open surgery and the absence
of complications, except for wound infection [2]. However,
the results of the current study are more generalizable,
because less experienced surgeons and residents performed
21 of the 24 (87%) LLCs. Thus, careful LC may be an
option for AC when more than 72 h have elapsed from
symptom onset.

This study demonstrated that symptom duration of
longer than 72 h is a significant risk factor for conversion
to open surgery, in addition to high CRP levels and failure
to create a critical view of safety (Table 2). LC for AC is
associated with reduced hospital stay, quick recovery, a
few complications, and reduced costs [1, 2, 7, 8]. However,
LC is not recommended for all cases of AC due to potential
difficulties that can arise during cholecystectomy resulting
from severe inflammation [1, 9]. According to the TG13,
surgeons should consider conversion to  open
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cholecystectomy when they fail to create a critical view of
safety [1]. Therefore, whether laparoscopic or open surgery
is performed should be defined preoperatively, especially
for patients with AC with a symptom duration of longer
than 72 h. Our results indicate that a CRP level higher than
10 mg/dl is also a risk factor for conversion to open sur-
gery. CRP level may be sensitively and specifically influ-
enced by local inflammation and is, therefore, a useful
predictor for the need to convert to open surgery [10].
Meanwhile, WBC count, one of the diagnostic criteria for
assessing Tokyo severity grade [4], was not associated with
conversion to open surgery. Indeed, elevations in WBC
count may decrease in subacute or chronic cholecystitis.
Some previous reports have also supported using CRP level
as a factor for determining conversion [10-13]. Therefore,
using high CRP level as a criterion for selecting a surgical
procedure should decrease the conversion rate of LLC,
which may reduce operation times and blood loss. Re-
evaluation of the utility of CRP level in this context is
needed with a larger cohort.

Although duration from symptom onset was not asso-
ciated with postoperative complications, operative time
and blood loss were identified as potential predictors of
complications in univariate analysis. This means that
reduced operative times and blood loss would contribute to
patient safety. Because conversion to open surgery wastes
time and causes blood loss, the selection of an appropriate
therapeutic strategy, i.e., open or laparoscopic surgery,
might help decrease the rate of postoperative complica-
tions. It has been reported that ELC can decrease the rates
of both postoperative complications and conversion [1, 10],
while the correlation between LLC and complication rate
remains unclear. Because our cohort was not large enough
to support multivariate analysis, larger population-based
studies are needed to clarify our results.

In conclusion, LLC is associated with longer operation
times, greater blood loss, higher conversion rates to open
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surgery and longer hospital stays than ELC. Adoption of a
high CRP level as a criterion for selecting a surgical pro-
cedure, whether open or laparoscopic, should decrease the
conversion rate of LLC, which may reduce operation times
and blood loss. Thus, the therapeutic strategy used for AC
beyond 72 h of symptom onset should be carefully
considered.
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