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Validation of the association of the cystic duct fibrosis score
with surgical difficulty in laparoscopic cholecystectomy
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Background: The level of surgical difficulty in laparoscopic cholecystectomy might be predictable based on preoperative imaging and
intraoperative findings indicative of cholecystitis severity. Several scales for laparoscopic cholecystectomy have been developed, but
most are complex, unverified, and not widely adopted. This study evaluated the association of the cystic duct fibrosis score (range,
0-3) with surgical difficulty in laparoscopic cholecystectomy.

Methods: Between July 2018 and November 2018, 163 laparoscopic cholecystectomy cases were retrospectively reviewed at a sin-
gle center. Patients’ demographics, preoperative laboratory data, operation time, complications, hospital stay, and cholecystitis severi-
ty grade were investigated. We also evaluated the associations of the Tokyo Guidelines 2018 and the Parkland grading scale with the
cystic fibrosis score.

Results: The cystic duct fibrosis score was associated with preoperative white blood cells (p<0.001), preoperative platelet count
(p=0.046), preoperative total bilirubin (p<0.004), preoperative C-reactive protein (p<0.001), operation time (p<0.001), cystic duct li-
gation time (p=0.002), estimated blood loss (p<0.001), postoperative complication (p=0.004), open conversion (p<0.001), and com-
mon bile duct injury (p=0.010). The cystic duct fibrosis score was also correlated with the Tokyo Guidelines 2018 and the Parkland
grading scale (p<0.001). The cystic duct ligation time predicted the cystic duct fibrosis score and the Parkland grading scale, but not
the Tokyo Guidelines 2018.

Conclusion: As a simple indicator of cholecystitis severity, the cystic duct fibrosis score can predict the surgical difficulty and out-
comes of laparoscopic cholecystectomy.
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Introduction

Laparoscopic cholecystectomy (LC) is the gold-standard
treatment of benign gallbladder (GB) disease, and one of
the most common laparoscopic surgery [1,2]. However,
inflammation of the GB is known to make surgery difficult,
and increase postoperative complications [3,4]. There are
several studies on the degree of GB inflammation, difficulty

of surgery, and prediction of postoperative complications
and progress in patients with LC [5-7]. Among many stud-
ies, Tokyo Guidelines 2018 (TG 18) and Parkland grading
scale (PGS) are representative methods based on factors
including preoperative symptoms, imaging, blood test, and
intraoperative findings for the severity of acute cholecystitis
(AC) [8-10].

However, sometimes the degree of cholecystitis based on
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preoperative images, symptoms, and blood tests are quite
different from actual difficulties in surgery [11]. The most
important part of LC is establishing a critical view of safety
(CVS), cystic duct isolation, and ligation [12]. We assume
that the degree of inflammation of the cystic duct will affect
the technical difficulties of LC. We scored the hardness of
the cystic duct as a cystic duct fibrosis score (CFS). This
study aimed to validate the CFS as a predictor of surgical
difficulty in LC and compare CFS with TG 18 and PGS.

Methods

Ethical statements: The protocol was approved by the
Kosin University Gospel Hospital Institutional Review Board
(KUGH 2021-10-019). The informed consent was waived
because this design is a retrospective study.

1. Study population

Between July 2018 and November 2018, 165 cases of LC
were retrospectively reviewed in a single tertiary medical
center. We analyzed demographics, preoperative labora-
tory data, operation time, complications according to Cla-
vien-Dindo classification, hospital stay, and severity grade
of AC. In addition, we graded TG 18, PGS, and CFS, and
compared preoperative, intraoperative, and postoperative
parameters according to CFS grade. Moreover, we evaluated
the association among TG 18, PSG, and CFS.

2. Surgical procedure

LC was performed by four hepato-biliary surgeons. The pa-
tients who had previously undergone open upper abdom-
inal surgery or underwent single port LC were excluded.
The GB is retracted over the liver with cephalic traction.
The dissection begins with an incision of the peritoneum
on both sides of GB to open up the hepatocystic triangle.
After establishing CVS, the cystic duct and the cystic artery
were isolated, ligated, and cut. Retrograde dissection of
the GB from the liver bed is performed. If it was difficult to
accurately identify the CVS, the fundus first approach was
performed.

3. Definition

TG 18 diagnostic criteria were used for disease severity
in patients with AC [13]. The grading system is as follows:
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I (mild AC), II (moderate AC), and III (severe AC). Infor-
mation regarding patient medical history, physical exam-
ination, ultrasound findings, and laboratory values (white
blood cell count, international normalized ratio, and com-
plete blood cell count), as well as vasopressor use or me-
chanical ventilator status, were abstracted [14]. If there was
no AC, we graded it as 0.

The appearance of GB was graded by the surgeon’s de-
scription as PGS intraoperatively [10]: 1, normal appearing
GB (“robin’s egg blue”); 2, minor adhesions at the neck, oth-
erwise normal GB; 3, hyperemia, pericholecystic fluid, ad-
hesions to the body, distended GB; 4, adhesions obscuring
the majority of GB or grade I-III with abnormal liver anato-
my, intrahepatic GB, or impacted stone (Mirrizi syndrome);
or 5, perforation, necrosis, inability to visualize the GB due
to adhesions [10].

CFS was classified and scored by surgeon’s description
when dissecting a cystic duct (Fig. 1): 0, normal or no in-
flammation; 1, edematous but not hard; 2, not easy to dis-
sect the cystic duct due to partial hardness (less than 50%);
or 3, hard to dissect the cystic duct due to whole hardness
(more than 50%).

Cystic duct ligation time was minutes from the start of
surgery to the cystic duct ligation with clip or stapler. Cla-
vien-Dindo classification II or more was defined as postop-
erative complications.

4. Statistics

Data included demographics, preoperative laboratory data,
operation time, complications according to Clavien-Dindo
classification, hospital stay, and severity grade of AC. The
chi-square test was used to compare categorical variables.
One-way analysis of variance test for independent samples
was used to compare continuous variables. Continuous
variables are presented as means with standard deviations.
Linear by linear association was used to compare cate-
gorical variables among the CFS grade. Univariate linear
regression was used for the analysis of the relation between
cystic duct ligation time and operation time among severity
grades of cholecystitis. In all analyses, a p-value of <0.05 was
regarded as statistically significant. SPSS version 22.0 (IBM
Corp., Armonk, NY, USA) was used for statistical analysis in
the present study.
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Fig. 1. Cystic duct fibrosis score. (A) Normal, (B) edematous, (C) partial hardness (<50%), (D) whole hardness (>50%).

Results

1. Demographics

A total of 85 males and 78 females were included in this
study, their mean age was 56.6 years. the mean body mass
index was 25.0 kg/m®, the mean preoperative white blood
cell (WBC) was 7,850 pL, the mean preoperative C-reac-
tive protein (CRP) was 2.742 mg/dL. Eighty-one percent of
them have gallstones and GB wall thickening was shown on
computed tomography in 45.4% of them. In 31.9% of them
needed preoperative percutaneous GB drainage. The mean
operative time was 62.1 minutes and the hospital stay was
5.4 days. There were five cases of open conversion common
bile duct (CBD) injury had happened in two cases during
a laparoscopic procedure, we converted open surgery and
inserted T-tube in CBD. The other case was difficult to pro-
ceed LC due to severe inflammation of GB. Postoperative
complications included wound seroma, infection, and di-
arrhea (Clavien-Dindo II), one case of bile leak from CBD
(Clavien-Dindo III) (Table 1).

2. Comparison of characteristics according to CFS

We compared the patient’s characteristics according to
CFS (Table 2). The higher CFS was associated with older
patients (p=0.005), longer operative time (p<0.001) and
cystic duct ligation time (p=0.002). Additionally, higher pre-
operative WBC (p<0.001) and CRP (p<0.001), lower preop-
erative platelet count (p=0.046), more estimated blood loss
(p<0.001), high American Society of Anesthesiologists score
(p=0.001), more GB stones (p=0.029), GB wall thickening
(p<0.001), preoperative intervention (p<0.001), open con-
version (p<0.001), CBD injury (p=0.010), and postoperative
complications (p=0.004) in the higher CFS statistical signifi-
cantly.

3. Associations of operative time and cystic duct ligation
time with severity grade of cholecystitis

We analyzed the association among severity grades of AC
with TG 18, PGS, and CFS. CFS is correlated well with TG
18, PGS (p<0.001) (Table 3). All three systems are well pre-
dicted the overall operation time of LC (p<0.001) (Table 4).
In addition, it was analyzed that the cystic duct ligation time
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Table 1. Demographics of patients who underwent laparoscopic chole-

cystectomy

Variable Value (n=163)
Age (yr) 56.6+13.3
Sex (male/female) 85 (52.1)/78 (47.9)
BMI (kg/m?) 25.0+4.0
Preoperative WBC 7,850+3,507
Preoperative CRP (mg/dL) 2.74+6.43
TG 18 (no/I/1I/111) 97/58/7/1
PGS (1/2/3/4/5) 70/42/21/10/20
CFS (0/1/2/3) 81/40/13/29
Gallbladder stone 132 (81.0)
Gallbladder wall thickening 74 (45.4)
Previous PTGBD or ERBD 52 (31.9)
Operation time (min) 62.1+34.6
Estimated blood loss (mL) 17.1479.4
Hospital stay (day) 54+3.2
Open conversion 5(3.1)
CBD injury 2(1.2)
Postoperative complications 14 (8.6)

Values are presented as meanzstandard deviation, number (%), or number only.
BMI, body mass index; WBC, white blood cell; CRP, C-reactive protein; TG 18,
Tokyo Guidelines 2018; PGS, Parkland grading scale; CFS, cystic duct fibrosis
score; PTGBD, percutaneous transhepatic gallbladder drainage; ERBD, endoscop-
ic retrograde biliary drainage; CBD, common bile duct.

was well predicted in CFS and PGS except TG 18.

Discussion

This study validated the CFS during LC and compared it
with TG 18 and PGS CEFS is a good predictor of the severity
of AC through a comparison of preoperative laboratory data
according to CFS; preoperative WBC (p<0.001), preopera-
tive platelet (p=0.046), preoperative total bilirubin (p<0.004),
and preoperative CRP (p<0.001). Through this, we can as-
sume that CFS will be high during surgery if the preopera-
tive inflammation-related laboratory data is severe.

In addition, CFS is a good predictor of the difficulty of LC,
postoperative outcomes; operative time (p<0.001), cystic
duct ligation time (p=0.002), estimated blood loss (p<0.001),
postoperative complication (p=0.004), open conversion
(p<0.001), and CBD injury (p=0.010). Therefore, if the CFS is
high during surgery, there is a high possibility of complica-
tions during or after surgery, so be careful. In addition, we
expected that the operation time and hospital stay might be
longer. Moreover, it was possible to confirm the predictive
ability of CFS once more through that CFS matches TG 18

Table 2. Comparison of characteristics according to the cystic duct fibrosis score

Characteristics Score 0 (n=81) Score 1 (n=40) Score 2 (n=13) Score 3 (n=29) p-value
Age (yr), median 54.1 57.5 53.2 63.9 0.005
BMI (kg/m?), median 24.5 25.2 25.7 25.9 0.359
Operation time (min), median 472 60.3 63.4 105.3 <0.001
Cystic duct ligation time (min), median 28.4 26.2 30.0 58.6 0.002
Preoperative WBC (uL), median 6,900 7,600 7,630 10,950 <0.001
Preoperative platelet (x10%/uL), median 236 227 193 208 0.046
Preoperative TB (mg/dL), median 0.77 0.93 0.91 1.34 0.007
Preoperative CRP (mg/dL), median 0.81 3.09 1.35 7.94 <0.001
Estimated blood loss (mL), median 0 2.5 15.3 86.2 <0.001
ASA class (I/11/111/IV) 34/41/6/0 9/25/6/0 4[7/2/0 4/18/7/0 <0.001
TG 18 (no/I/1I/11) 72/8/1/0 18/19/2/1 5/7/1/0 2/24/3/0 <0.001
PGS (1/2/3/4/5) 59/17/5/0/0 11/19/7/0/3 0/4/5/2/2 0/2/4/8/15 <0.001
GB stone (no/yes) 23/58 3/37 2/M 3/26 0.029
GB wall thickening (no/yes) 65/16 15/25 2/m 4/25 <0.001
Preoperative intervention (no/PTGBD/ERBD/both) 73/3/5/0 21/1/6/2 7/3/2/1 10/14/2/3 <0.001
Complications (>C-D II, %) 3 4 0 7 0.004
Open conversion 0 0 0 5 <0.001
CBD injury 0 0 0 2 0.010

Score 0, normal or no inflammation; score 1, edematous but not hard; score 2, not easy to dissect the cystic duct due to partial hardness (less than 50%); score 3,

hard to dissect the cystic duct due to whole hardness (more than 50%).

BMI, body mass index; WBC, white blood cell; TB, total bilirubin; CRP, C-reactive protein; ASA, American Society of Anesthesiologists; TG 18, Tokyo Guidelines 2018;
PGS, Parkland grading scale; GB, gallbladder; PTGBD, percutaneous transhepatic gallbladder drainage; ERBD, endoscopic retrograde biliary drainage; C-D, Clavien-Din-

do classification; CBD, common bile duct.
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Table 3. Associations among the cholecystitis severity grades

p-value
Tokyo Guideline 2018 Parkland grading scale Cystic fibrosis score
Tokyo Guideline 2018 - 0.001 0.001
Parkland grading scale 0.001 - 0.001
Cystic fibrosis score 0.001 0.001 -

Table 4. Associations of operation time and cystic duct ligation time with the cholecystitis severity grades by univariate linear regression

Cystic duct ligation time (min)

Operation time (min)

p+SE p-value p+SE p-value
Tokyo Guideline 2018 7.217+4.899 0.148 22.616+4.155 <0.001
Parkland grading scale 7.318+2.168 <0.001 15.026+1.601 <0.001
Cystic fibrosis score 8.474+2.625 0.002 17.796+1.952 <0.001

SE, standard error.

(p<0.001) and PGS (p<0.001).

There are many grading methods to measure the severity
of AC. These methods allow us to anticipate difficulties in
surgery and predict postoperative results and complica-
tions and help us predict possible postoperative courses
[7,8,10,14]. TG 18 is well known diagnostic criterion for the
management of AC [15]. TG 18 is based on the preoperative
symptom, blood test, radiologic findings, and presence of
organ failure [16]. However, there is a limitation to predict-
ing the difficulty of surgery with a TG 18 grade itself [14,17].
Moreover, the difficulty scoring of TG 18 listed 25 items that
have 0 to 6 points [12]. The complemented scoring system
is considered too complex to be applied clinically. In con-
trast to TG 18, Sugrue et al. [7] established a new scoring
system, using operative findings such as GB appearance,
distension, adhesion, or impacted stone of the GB during
surgery. This is the first introduced classification of AC with
intraoperative findings. However, These scoring systems are
also complex, with multiple inputs and grades, limiting the
practicality of using these scores during operation.

The American Association for the Surgery of Trauma
(AAST) developed a grading system for AC as I to V. Indi-
vidualized anatomically driven injury patterns were used
in AAST grading for assessment of AC [14]. AAST grade
was validated and reported to be superior to TG 18 in the
prediction of postoperative mortality, complications, and
the need for preoperative GB drainage [14]. The weakness
of AAST grade is no significant differences in clinical events
were noted between AAST grades 1 and 2 cholecystitis [18].

Meanwhile, PGS is simple, intuitive, and easy reproduc-

ible among surgeons when compared to a previous grading
system based on intraoperative findings [10]. PGS is clas-
sified as the degree of inflammation of GB with the level of
adhesion and covering of omentum on GB [10]. PGS was
demonstrated that higher grades have a longer operative
time, increased operative difficulty, and increased postop-
erative complication rate compared to lower grades [11].
However, even though grade 5, after peeling off omentum
covering GB, the operation would be easier due to less in-
flammation than expected in some cases. Securing CVS is
one of the most important processes in LC. The difficulty
of this process is directly linked to postoperative complica-
tions including bile duct injury.

We evaluated cystic duct fibrosis because the harder the
cystic duct, the more difficult to secure CVS [2,5]. Then it re-
sults in prolonged surgery, bailout procedure, unexpected
bleeding, and possible bile duct, vessel, or other organ in-
juries [12]. TG 18 mentioned a fibrotic change in the Calot’s
triangle area as one of the difficulty scores for intraoperative
findings [12]. But we grade cystic duct fibrosis and hypoth-
esized CFS itself is related to surgical difficulty and post-
operative outcomes. This study shows CFS is related to the
severity of cholecystitis and the surgical difficulty of LC. Of
course, it is difficult to detect the degree of AC and predict
the difficulty of surgery by CES alone. If too many details are
included, it becomes a complex system and becomes diffi-
cult to apply in practice [19,20].

We acknowledge this study has several limitations. First,
the proportion of patients of cholecystectomy was relatively
small from a single institution. Second, the cystic duct is
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hidden by the peritoneum or covered with omentum in AC.
Therefore, before peeling off adhesion tissue or incision of
the peritoneum, accurate evaluation of cystic duct fibrosis
is limited. Third, CFS has aspects of subjective assessment
depending on the surgeon. In addition, surgical skills and
policies of treatment may vary depending on the surgeon.
Nevertheless, CFS is significantly correlated well with the
severity of AC, operation time, cystic duct ligation time,
hospital stay, and complications. In addition, CFS is well-
matched with TG 18 and PGS. CFS could be used as a sim-
ple predictor of severity of AC and difficulty of LC and post-
operative outcomes.
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