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ABSTRACT

Background and Objectives: To assess the safety and
efficacy of single-port laparoscopic cholecystectomy
(SPLC) for the treatment of symptomatic cholelithiasis in
different gallbladder pathologic conditions.

Methods: All patients who underwent SPLC in our
department between October 1, 2017 and March 31,
2020 were registered consecutively in a prospective
database. Patients’ charts were retrospectively divided
according to histological diagnosis: normal gallbladder
(NG) (n = 13), chronic cholecystitis (CC) (n =47), and
acute cholecystitis (AC) (n = 10). The parameters for
assessing the procedure outcome included operative
time, blood loss, use of additional trocars, conversion
to laparotomy, intraoperative and postoperative com-
plications, and length of hospital stay. Patient groups
were statistically compared.

Results: Seventy patients underwent SPLC. Duration of sur-
gery increased from NG (556 22.7min) to CC (706
33.5min), and to AC patients (110.56 50.5min), which is
statistically significant (P= .001). Postoperative complication
rates were 7.6% in NG patients, 17% in CC, and 30% in AC
(P= .442). Length of hospitalization was shorter for NG

patients (1.06 0.6days) versus CC (2.06 1.1days) and
AC patients (2.06 4.7days), with statistical significance (P=
.020). Multivariate analysis found that pathology type and
the occurrence of postoperative complications were inde-
pendent predictors for prolonged operative times and pro-
longed hospital stay, respectively.

Conclusion: SPLC is feasible for acute and chronic cholecys-
titis with good procedural outcomes. Since SPLC technique
itself can be sometimes challenging with the existing technol-
ogy, its application, especially in cases of acute cholecystitis,
should be done with caution. Only prospective randomized
studies on this approach for acute and chronic gallbladder dis-
eases will assess the complete reliability of this technique.
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INTRODUCTION

In recent years, interest in single-port laparoscopic surgery has
awakened as a new minimally invasive approach. Since the
advent of the first single-incision laparoscopic cholecystec-
tomy described in 1995 by Navarra and colleagues,1 various
other abdominal interventions have benefited from this
approach.2–5 Single-port laparoscopic cholecystectomy (SPLC)
for uncomplicated benign gallbladder disease is comparable
to conventional multiport laparoscopic cholecystectomy in
regard to safety and efficacy.6–8 In addition to well-established
cosmetic advantage, less postoperative pain and faster return
to normal activity are potential benefits. 9–12 However, a non-
statistically significant trend towards a higher rate of complica-
tions and a higher risk of trocar site hernia at follow-up have
been reported for SPLC compared to traditional laparoscopic
cholecystectomy.13,14 Moreover, a slight increase in serious
adverse events such as bile duct injury, reoperations, bile
leaks, or intra-abdominal collections requiring drainage have
been described.15 This could be the reason why this approach
has been poorly studied in cases of acute or chronic cholecys-
titis, conditions that can make the intervention more complex
and at greater risk of procedural complications.
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To date, only a few retrospective monocentric studies have
addressed this subject, so that the preservation of safety and
effectiveness of the single-port technique even in the case
of acute or chronic cholecystitis is not established yet.16,17

The purpose of this work is to verify the impact of gallblad-
der pathologic conditions in the outcome of SPLC and in
particular to assess whether safety and efficacy of the proce-
dure are preserved in chronic cholecystitis (CC) and acute
cholecystitis (AC) conditions. Hence, a series of 70 SPLC
patients was retrospectively reviewed and potential predic-
tive parameters that can affect intraoperative or immediate
postoperative outcome were investigated as well.

MATERIALS AND METHODS

SPLC was introduced in our department on October 1, 2017.
Since then, all the laparoscopic cholecystectomies (n=70)
performed until March 31, 2020 were SPLCs and registered
consecutively in a prospective database. Patients characteris-
tics included age, sex, body mass index (BMI), previous ab-
dominal surgery, and associated comorbidities. All the SPLC
procedures were performed by three senior surgeons (MC,
TT, and SPM) experienced in laparoscopic procedures. All
patients with symptomatic gallbladder stones were included.
Patients’ charts were retrospectively divided according to his-
tological diagnosis into normal gallbladder (NG) (n=13), CC
(n=47), and AC (n=10).

The outcome of the procedure was defined by the follow-
ing parameters: duration of operation (time from skin inci-
sion to wound dressing), estimated blood loss, associated
operations, surgical conversion, need of additional tro-
cars, abdominal drain positioning, postoperative pain
measured by visual analogue scale (VAS), analgesia
requirement, length of hospital stay, and postoperative
morbidity (according to Clavien-Dindo Classification).

Surgical Technique

Surgical technique for SPLC is well described in the litera-
ture.18 In summary, for SPLC technique a single-port de-
vice with four-channels (Single port, Unimax Medical
Systems Inc., Taipei, Taiwan) is inserted through the um-
bilicus (Figure 1). After creation of pneumoperitoneum, a
10-mm 30-degree angle telescope is introduced.
Dissection is conducted with a reusable 5-mm laparo-
scopic hook and a 5-mm reusable prebent grasper
(Olympus Medical Systems, Hamburg, Germany).

To obtain a correct exposition, one percutaneous thread
can be passed in the gallbladder fundus and used for

retraction. In case of a really long gallbladder, an addi-
tional suture is passed in the infundibulum (Figure 2 A-B).
This suture allows a “puppeteering technique” for mobili-
zation of the infundibulum, enabling complete visualiza-
tion of Calot’s triangle by suture traction.10

The rest of the procedure follows the steps of traditional
laparoscopic cholecystectomy. No specimen retrieval bag
is used as the Unimax system is designed to act as a
wound protector.

Statistical Methods

Continuous and categorical variables were presented as me-
dian (standard deviation) and n (%) respectively. We com-
pared differences among histological groups using x2 or
Fisher exact test for categorical variables and ANOVA or
nonparametric Kruskal-Wallis test for continuous variables.
Univariable and multivariable models were fitted to assess
which variables were associated with duration of surgery
(on log-scale due to high skewness) and hospital stay; uni-
variable logistic models were fitted to explore risk-factors
associated with morbidities. A two-sided a less than 0.05
was considered statistically significant. Statistical analyses
were done using the SAS software (version 90.4).

RESULTS

SPLC patients, divided according to the histological diag-
nosis into NG, CC, and AC groups, did not differ significantly
regarding age, sex, and comorbidity (Table 1). Pre-operative
endoscopic treatment for suspected choledocholithiasis was

Figure 1. The four-channel Unimax single-port positioned for a
laparoscopic procedure and the transabdominal stay sutures
passed for gallbladder suspension.
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performed in three patients. Previous abdominal surgery in the
upper quadrants was not experienced in any group.

Duration of surgery increased from NG (556 220.7min), to
CC (706 330.5min) and to AC patients (1100.56 500.5min),
statistical significance (P= .001).

A conversion to an open approach due to a bleeding from
an hepatic vein branch of the liver bed was experienced in
a CC patient. Another surgical conversion occurred in an AC
patient with a gangrenous cholecystitis for a complete trans-
ection of the common bile duct necessitating an immediate
choledocho-choledochal anastomosis. In both cases an ab-
dominal drain was left in place at the end of surgery. No sur-
gical conversion occurred in NG patients.

The addition of one trocar was required in two (20%) dif-
ficult AC and two (40.2%) CC procedures respectively.
Blood loss >100ml occurred in one CC and one AC
patient, it was < 50ml in four AC, three CC, and one NG
patients respectively.

An appendectomy and an annessectomy were associated
with cholecystectomy in the AC group, an appendectomy
and two umbilical hernia repairs in the CC group, and an
umbilical hernia was repaired in an NG patient. Clinical
parameters able to influence the operative time were ana-
lyzed. Univariate analysis showed that male gender
(P= .011), trocar addition (P= .014), blood loss (P< .001),
surgical conversion (P= .016), and AC condition
(P< .001) were significantly associated with the risk of
longer duration of surgery. To avoid overfitting, only the

most biologically relevant variables were included in the
multivariable models and all the above-mentioned varia-
bles were entered. The final model retained AC condition
(P= .0038), blood loss (P = .0002), and sex (P= .049).
According to VAS evaluation, the pain profile as well as
the analgesics requirement were similar in all groups and
did not differ significantly .

Length of hospitalization was shorter for patients operated
on by SPLC with a NG (1.06 0.6 days) when compared to
the CC group (2.06 1.1 days) and to the AC group
(2.06 4.7 days), reaching a statistically significant differ-
ence (P= .020). Clinical factors influencing the hospital
stay in the whole group were analyzed. Univariate analy-
sis showed that duration of surgery (P< .001), blood loss
(P= .001), surgical conversion (P< .001), drain position-
ing (P< .001), morbidity (P< .001), and AC condition
(P= .006) were significantly associated with the risk of
longer duration of hospitalization. As for the previous
model, only the most relevant variables were included in
the multivariable models and all the above-mentioned
variables were entered. The final model retained the
occurrence of postoperative complications (P= .001).

Postoperative complication rates were 7.6% in the NG
group, 17% in the CC group and 30% in the AC group
(P= .442). In each group mostly minor complications such
as fever as the only symptom (two CC and two AC
patients) and four prolonged abdominal pain in right
hypocondrium probably due to intercostal neuralgia (one
NG and three CC patients) were experienced. The AC

Figure 2. (A) A second suture is passed through the gallbladder’s infundibulum. (B) Gallbladder retraction is completed for calot’s tri-
angle exposition.
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patient who had the common bile duct reparation experi-
enced a bile leak that was managed conservatively and he
was discharged 17 days after surgery. Postoperative com-
plications of Clavien-Dindo grade IIIb occurred in one CC
and one AC patient. In the former case, an 83-year-old
ASA3 arteriopathic dialysis patient was reoperated on
postoperative day three for a massive intestinal infarction
which resulted in death the next day. The second patient
needed reoperation through laparotomy on the first post-
operative day to manage a bile leak from the liver bed.

Univariable logistic models were fitted to explore risk-factors
associated with morbidity. Considering the small number of
complications (n=12) we did not fit multivariable logistic
models. The occurrence of postoperative complications was
found to be 20.4-fold higher in the CC group and 50.1-fold
higher in the AC group when compared to the NG group.

DISCUSSION

In general, there is a lack of high-level evidence and of
long-term follow-up in the field of single-incision

endoscopic surgery. To draw the consensus statement on
single-incision endoscopic surgery, the European
Association for Endoscopic Surgery selected 11 random-
ized controlled trials for review.19 Overall, evidence on
SPLC suggests better cosmetic results and less postopera-
tive pain when compared to standard LC. On the other
hand, the operating time is longer. Concerning morbidity,
inconsistent results were found. However, these studies
have several limitations. Most of the studies included only
patients with BMI< 30 kg/m2; moreover, previous ab-
dominal surgery and presence of acute cholecystitis were
exclusion criteria in all studies. Furthermore, in the two
main European randomized controlled trials that analyzed
SPLC, the SPOCC 20 and the MUSIC 8 trials, the number of
cases per center slightly exceeded the learning curve,
averaging between 27 and 35 cases. Thus, in order to
investigate the impact of a gallbladder’s pathologic condi-
tion on this procedure, it is necessary to refer to large cas-
uistries of Eastern experience in which acute cholecystitis
condition is taken into account.17, 21,22 According to these
studies, the gallbladder’s inflammatory state seems to
affect the outcome of the procedure.

Table 1.
Characteristics of Patients and Postoperative Results Grouped for Hystological Diagnosis

Characteristic NG (n=13) CC (n= 47) AC (n= 10) P-Value

Sex, F/M 7/6 31/16 4/6 .277

Age, years 50 (14.9) 58 (15.6) 54.5 (14.8) .588

BMI, kg/m2 23.4 (3.6) 26 (5.3) 260.4 (4.7) .041*

Associated comorbidities, patients (%) 5 (38.4) 28 (59.5) 5 (50) .383

Duration of surgery, min 55 (22.7) 70 (33.5) 110 (50.5) .001*

Trocar addition, patients (%) 0 2 (4.26) 2 (20)

Blood loss, patients (%) 1 (7.6) 4 (8.5) 5 (50) .006

Surgery conversion, patients (%) 0 1 (2.1) 1 (10)

Associated operation, patients (%) 1 (7.6) 3 (6.3) 2 (20)

Drain positioning, patients (%) 0 2 (4.2) 3 (30)

VAS at 4 h 0 (2) 10.5 (1.9) 1 (1.6) .664*

VAS at 24 h 3 (2.7) 0 (1.8) 1.5 (1.8) .045*

Pain medications, patients (%) 11 (84.6) 41 (89.1) 9 (90) .854

Paracetamol, g/d 2 (1.5) 2 (1.8) 3 (3.9) .634*

Toradol, mg/d 7.5 (18.1) 10 (12.9) 11.6 (22.5) .405*

Hospital stay, days 1 (0.6) 2 (1.1) 2 (4.7) .020*

Morbidity, patients (%) 1 (7.6) 8 (17) 3 (30) .442

Note: Values are meant as median (SD) unless indicated otherwise.
Abbreviations: NG, normal gallbladder; CC, chronic cholecystitis; AC, acute cholecystitis; BMI, body-mass index; VAS, visual analogue scale.
*nonparametric Kruskal-Wallis test.
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Similarly in our study, the surgical outcome varies accord-
ing to the pathology, with increased difficulties from NG
to CC and to AC conditions. In particular, the duration of
the intervention for AC is doubled when compared to NG.
Also, the need for trocar addition (20%) and conversion
rates (10%) are higher in AC condition, but still in line
with the data presented in the literature. Ikumoto et al.22

in a retrospective study on 100 patients undergoing SPLC
for AC report a 12% rate of conversion laparotomies. In a
study comparing SPLC in 52 AC patients vs. 308 patients
without acute cholecystitis (NAC), Sato et al.17 report a
60% rate of additional trocar insertion.

The length of hospital stay also reflects the gallbladder’s
pathologic conditions, since the difference among groups
reached a statistical significance in our study. In any case,
a median stay of twodays for AC patients is a good result
if we consider a median stay of six days reported by the
main case studies.16, 17,22 Concerning morbidity, complica-
tion rates were 7.6% in the NG group, 17% in the CC
group and 30% in the AC group (P= .442). Our data corre-
late with the previously cited study by Sato et al.,17 in
which the postoperative complication rate was signifi-
cantly higher in the AC group than in the NAC group
(12% vs. 48%; P= .0238).

A worse outcome in case of severe cholecystitis is also
demonstrated with the use of traditional laparoscopy. In
fact, in a meta-analysis including seven studies with 1,408
patients treated with standard LC for severe cholecystitis
or uncomplicated gallbladder disease, a threefold higher
conversion rate was found in the former group and mor-
bidity rate increased from 11% to 20%.23

These numerical data are comparable to those of the pre-
viously cited studies on SPLC showing the reliability of
the technique despite a recognized increased difficulty.
No statement can be made regarding the difference in
common bile duct lesion occurrence since overall inci-
dence is very low. In fact, although our series is small, the
only bile duct injury occurred in an AC patient where the
anatomy of Calot was practically unrecognizable.

Therefore, it is of paramount importance to maintain all
principles of safe dissection during SPLC, especially in
case of AC and CC condition. The use of intraoperative
cholangiography (IOC) is advocated by some authors to
assess the biliary anatomy.17 However, the use of IOC dur-
ing SPLC can be challenging due to technical difficulty.
The isolation of the cystic artery and duct following the
Strasberg’s critical view of safety (CVS) principles repre-
sents another technical option to decrease the rate of
common bile duct injury. The principle followed by some

authors trying to obtain the CVS as the main achievement
of the procedure and converting to multiport when CVS
cannot be created seems correct to us.22

The reasons that make single-port technique challenging is
that currently there are no dedicated instruments, only adap-
tations of instruments conceived for traditional laparoscopy.
The known limitations of this technique are the reduced
mobility and excursion of the instruments, the lack of trian-
gulation with the possibility of clashing until some maneu-
vers otherwise feasible in traditional laparoscopy are
rendered impossible. In light of this, the role of single-port
technique in acute cholecystitis remains controversial. What
is evident from our study and confirmed by literature data is
that SPLC in AC and CC conditions is feasible but it is associ-
ated with longer operative times, increased blood loss,
higher rate of additional trocar requirement, higher rate of
postoperative complications, and longer hospital stay. The
worst outcome is directly related to the inflammatory state
of the gallbladder which makes the intervention more com-
plex. Since SPLC technique itself can be sometimes chal-
lenging with the existing technology, its application in cases
of acute cholecystitis should be done with caution.

CONCLUSION

Each case of symptomatic cholelithiasis with concomitant
AC and CC must be well weighed before using single-port
technique, especially in light of the relative recognized
benefits such as better cosmesis and less pain.
Furthermore, SPLC should be done by experienced lapa-
roscopic surgeons who have passed the learning curve of
this technique treating a reasonable number of cases with
normal gallbladder. Only prospective randomized studies
for acute and chronic gallbladder diseases will assess the
complete reliability of this technique.
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