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Introduction

Laparoscopic cholecystectomy (LC) is the gold standard 

in the treatment of both symptomatic cholecystolithiasis 

and acute cholecystitis (1-3). Usually, the procedure is 
carried out using a 4-port technique (4). Performing LC 
with reduced ports (5-7) or as single-incision laparoscopic 
surgery procedure (SILS) (8,9) is also possible, but of 
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course requires adherence to the same safety standards as 
laparoscopic 4-port cholecystectomy (10). This includes 
achieving the critical view of safety (CVS) criteria for safe 
avoidance of bile duct injury (11,12). 

For SILS, a meta-analysis demonstrated a better cosmetic 
outcome, but on the other hand a fourfold increased risk 
of incisional hernia compared to the conventional 4-port 
technique (13). In addition, the performance of SILS is 
technically more demanding and is accompanied by a 
prolonged operation time (14). For these reasons, SILS has 
not been able to gain widespread acceptance to date.

One option for performing a laparoscopic 3-port 
cholecystectomy is to use the LiVac system, which is a 
vacuum-based internal liver retractor system. The LiVac 
system allows LC to be performed as a reduced 3-port 
operation. The function and clinical application of the LiVac 
system undergoing cholecystectomy (n=6), primary gastric 
banding (n=3) and fundoplication (n =1) were first published 
in 2016 by Gan et al. (15). In the same year, the use of the 
LiVac device in laparoscopic splenectomy was described, 
again by Gan (16), who is also the inventor of the system.

Due to the limited number of studies on the LiVac 
retractor to date, an evaluation of its safety and use in 
everyday clinical practice is hardly possible. Also, potential 
local effects of vacuum suction on the liver have hardly been 
investigated so far. 

It is unclear whether there are any relevant clinical 
benefits for the patient when using the LiVac system and 
the reduced 3-port procedure, e.g., in terms of reduced 
postoperative pain.

Thus, the aim of our study was to investigate the safety, 
perioperative parameters and handling with the LiVac retractor 

in LC. We present the following article in accordance with 
the STROCSS reporting checklist (available at https://ales.
amegroups.com/article/view/10.21037/ales-22-48/rc). 

Methods 

Study design

This is a prospective cohort study. Data were prospectively 
collected from all patients who underwent LC using the 
3-port technique with the LiVac retractor during the period 
October 2018–December 2019 (n=25; group 1).

A retrospective and randomly selected cohort of patients 
of the same period undergoing conventional laparoscopic 
4-port cholecystectomy served as a comparison group (n=50; 
group 2). This resulted in n=75 finally analyzed patients. A 
flowchart of patient selection for groups 1 and 2 is shown in 
Figure 1. 

Groups were analyzed per protocol. If the application of 
the LiVac retractor was unsuccessful in patients of group 
1, the procedure was switched to the standard 4-port 
technique. To avoid attrition bias, these patients were not 
excluded, but still evaluated as LiVac patients.

In retrospective group 2 there were no missing data in 
comparison to prospective group 1 (parameters see below).

Length of hospital stay was as a standard at least three 
days for all patients undergoing LC during the study period. 
Thus, a three-day follow-up (complications, pain levels, 
laboratory values; see below) was possible for all patients.

The study was conducted in the Department of General, 
Abdominal and Thoracic Surgery, German Armed Forces 
Hospital of Ulm (tertiary care hospital), Germany from 
October 2018–December 2019. 

All data were taken from the digital patient record, 
surgical reports, and nursing documentation.

Primary and secondary outcomes

Patient safety was set as the primary outcome and evaluated 
by the rate of postoperative complications (according to 
Clavien-Dindo; see below).

Postoperative pain scores, laboratory values and surgical 
handling of the LiVac system were defined as the secondary 
outcome.

Inclusion and exclusion criteria

Only patients with elective cholecystectomy for symptomatic 
cholelithiasis (e.g., previous episodes of biliary colic) 
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were included. A minimum age of 18 years and voluntary 
informed consent were required for inclusion in the study.

Exclusion criteria were the presence of acute or previous 
cholecystitis, a body mass index (BMI) >35 kg/m2, and an 
American Society of Anesthesiologists (ASA) score ≥4.

Statistical analysis

Mean values with standard deviation were calculated for 
all relevant data. Data analysis was performed with SPSS 
statistics (IBM Corp., Armonk, NY, USA). The chi-squared 
test was used for group comparison of categorical variables, 
and the Mann-Whitney U test was used to compare 
differences of ordinal variables. A P value <0.05 was 
considered statistically significant. 

LiVac retractor

The LiVac system (LiVac Pty Ltd., Australia) consists of 
a soft silicone ring to which a vacuum can be applied via a 

suction tube. For LC, the silicone ring is placed between 
the liver and the diaphragm to expose the gallbladder after 
vacuum is applied. By means of an additional LiVac bevel, it 
is possible to insert the tube together with a 12 mm camera 
port and an adapted LiVac connector (Figures 2,3).

Medical treatment procedures

All laparoscopic cholecystectomies were performed in 
French position by surgical residents in their third or 
fourth year of residency under supervision of one out 
of five consultants, with an experience of at least 200 
cholecystectomies. These were the same residents and 
consultants in both groups. After a supra- or infraumbilical 
skin incision, the pneumoperitoneum was established using 
a Veres needle. 

In patients with conventional 4-port LC (group 2), two 
12-mm (umbilical and epigastric) and two 5-mm ports (right 
subcostal and lower right hemiabdomen) were used. The 
patient was placed in anti-Trendelenburg position. The 

laparoscopic cholecystectomy
10/2018–12/2019 (n=175)

n=148

n=88

n=82

screened for LiVac cholecystectomy (n=36)

LiVac cholecystectomy finally analyzed (n=25) 4-port cholecystectomy finally analyzed (n=50)

4-port cholecystectomy (n=46)

Acute cholecystitis (n=27)

Chronic or recurrent cholecystitis (n=60)

BMI >35 kg/m2 (n=6)

missing informed 
consent (n=11)

4-port cholecystectomy (n=57)

randomly excluded (n=7)

Figure 1 Flowchart of patient selection for laparoscopic 3-port LiVac cholecystectomy and 4-port cholecystectomy. BMI, body mass index.
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gallbladder was grasped at the fundus and retracted towards 
the right diaphragm for dissection of Calot’s triangle. The 
cystic artery and cystic duct were identified, and both 
structures were then cut between clips. The gallbladder was 
dissected out and removed using an endobag. After final 
hemostasis with electrocautery, fascial and wound closure 
was performed.

In patients with laparoscopic 3-port LiVac cholecystectomy 
(group 1), two 12-mm ports (umbilical and epigastric) 
and only one 5-mm port (right subcostal) were used. The 
umbilical 12-mm port had to be temporarily removed in 

order to insert the silicone ring with suction tube of the 
LiVac system. An Allis clamp was used for this purpose. The 
LiVac bevel was then placed over the temporarily removed 
12 mm port, and the LiVac connector was also adapted 
to the bevel (Figure 2). The liver was elevated with a stick 
swab, and the LiVac silicone ring was placed between the 
liver and the right diaphragm (Figure 4). Once the correct 
position of the silicone ring was achieved, the vacuum could 
be applied. The further course of the cholecystectomy 
corresponded to that described above.

Analgesia and venous thromboembolism prophylaxis

All patients received postoperative oral analgesic medication 
with metamizole (1 g four times daily) and ibuprofen (400 mg 
three times daily). To prevent venous thromboembolism, 
enoxaparin 40 mg was subcutaneously given once daily. 

Ultrasound examinations

All patients of the LiVac group underwent additional 
postoperative ultrasound examinations of the liver to detect 
possible subcapsular hematomas.

Postoperative complications

The recording of postoperative complications was limited 
to the inpatient stay. Complications were graded according 
to Clavien-Dindo (17,18).

Postoperative pain level

The postoperative pain level was assessed and documented 
three times a day by the nursing staff using the numeric 

Figure 2 Presentation of the individual components of the 
laparoscopic LiVac retractor.

Figure 3 Insertion of the temporarily removed 12 mm umbilical 
port with LiVac bevel and connector (surgeon’s left hand).

LiVac bevel LiVac connector LiVac silicone ring and suction tube Figure 4 Placement of the LiVac silicone ring between the 
elevated liver and right diaphragm.



Annals of Laparoscopic and Endoscopic Surgery, 2023 Page 5 of 10

© Annals of Laparoscopic and Endoscopic Surgery. All rights reserved.   Ann Laparosc Endosc Surg 2023;8:2 | https://dx.doi.org/10.21037/ales-22-48

ranking scale (NRS; 1–10).

Laboratory values

Alanine and aspartate aminotransferase (ALT, AST), 
gamma-glutamyl transferase (GGT) and alkal ine 
phosphatase were identified as possible markers for liver 
damage. White blood count and C-reactive protein (CRP) 
were used as markers for inflammation. Laboratory values 
were obtained in all patients on the first preoperative day 
and on the first and third postoperative days (POD). 

LiVac handling and satisfaction

Immediately postoperatively, satisfaction, handling, and 
difficulties with the LiVac system were recorded by the 
surgeon using a standardized questionnaire. Satisfaction 
with handling and exposure of the surgical field were graded 
on a scale from 1 (very good) to 6 (absolutely insufficient).

Ethics approval

Ethical approval was required for data collection for 
scientific purposes. The ethics committee of the University 
of Ulm/Germany gave a positive vote for prospective and 
retrospective data collection and study conduct (approval 
number: 225/18). The study was performed in accordance 
with the Declaration of Helsinki (as revised in 2013), and 
written informed consent was taken from all individual 
participants of the prospective patient group (LiVac group). 

Results

Patient characteristics

A total of 75 patients were included in the analysis (group 
1: n=25; group 2: n=50). The groups were comparable 
with respect to all characteristics at baseline. There was no 
statistically significant difference between the groups for 
any parameter [e.g., age: 48.4 vs. 51.1 years, P=0.52; BMI: 
27.4 vs. 26.9 kg/m2, P=0.74; previous abdominal surgery: 
44% vs. 48%, P=0.74; previous endoscopic retrograde 
cholangiopancreaticography (ERCP): 16% vs. 26%, P=0.33; 
for further parameters and preoperative laboratory values 
see Table 1]. 

Surgical and perioperative measures

In 15/25 (60%) cases in the LiVac group, there was a switch 

to conventional 4-port cholecystectomy. Operative time 
was significantly longer in the LiVac group compared with 
4-port LC (99.2 vs. 75.3 minutes; P=0.008).

Primary outcomes

Complications of all grades according to Clavien-Dindo 
occurred in 16% (LiVac) and 10% (4-port LC) of cases, 
respectively. This difference was not statistically significant 
(P=0.45). 

In the LiVac group, tangential injury to the common 
bile duct (CBD) was detected in one patient (4%) 
postoperatively. This patient underwent ERCP with stent 
placement and re-laparoscopy with irrigation and drainage 
placement, and recovered completely thereafter. 

In group 2, two patients (4%) required re-laparoscopy 
(irrigation and drainage placement in each case, once due to 
a postoperative hematoma, and once due to a postoperative 
abscess). Grade IV and V complications did not occur in 
either group.

Secondary outcomes

There were no significant differences between the groups in 
terms of postoperative pain level according to NRS (NRS 
on POD 3: 0.82 vs. 0.74 points, P=0.21).

No statistically significant difference between the groups 
occurred for any of the laboratory values recorded on PODs 
1 and 3. ALT was 95.9 vs. 81.7 U/L (P=0.24) on POD 
1, and 100.8 vs. 65.6 U/L (P=0.38) on POD 3. Further 
detailed values and measures are shown in Table 2. 

The following parameters showed a deviation in the 
distribution of values: baseline ALT, baseline CRP, NRS 
on POD 1, ALP on POD 1 and AST on POD 3. Thus, for 
these parameters one prerequisite for the Mann-Whitney U 
test was not met.

In all patients in the LiVac group, superficial liver 
hematomas were visible after removal of the silicone 
ring (Figure 5). However, no subcapsular liver hematoma 
was detectable in any of the postoperative ultrasound 
examinations.

Handling of the LiVac system and exposure of the 
surgical field during its use were not rated as “very good” 
by any of the surgeons. “Good handling” was attested in 
20%, and “good exposure” of the surgical field in 5.9%; 
32% of surgeons rated the handling of the LiVac system as 
“deficient” or “absolutely insufficient”, and 35.3% evaluated 
the exposure of the surgical field in the same way. “Poor 
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exposure of the operative field” was the most commonly 
(37.5%) reported limitation of performing surgery with the 
LiVac system. Details of LiVac evaluation by the surgeons 
are shown in Table 3.

Discussion

The aim of our study was to test the use of the LiVac 
laparoscopic liver retractor under routine conditions. 
The focus was on the evaluation of patient safety on the 
one hand and the standardized assessment of the LiVac 
system by the surgeon using it on the other. Furthermore, 
we aimed to investigate whether 3-port cholecystectomy 
offers patient benefits, such as reduced postoperative pain, 
compared with 4-port cholecystectomy.

From our results, considering the limitations of our study 
(see below), the following points are of worthy of note: (I) 
the use of the LiVac system is associated with a prolonged 
operative time compared with conventional 4-port LC. 
This is due to (i) the higher number of required procedural 
steps (temporary port removal, insertion and positioning, 

establishment of a vacuum and so on) and (ii) the more 
difficult performance of the procedure—mainly due to 
impaired retraction of the gallbladder and thus limited 
exposure of Calot’s triangle. Of course, cholecystectomy 
is possible in 3-port technique using LiVac, but it is more 
difficult and more time consuming. (II) In our LiVac group, 
one patient experienced a CBD injury. This was a “Class 
I-injury” according to Stewart Way classification (19) or 
“Type C injury” according to Hannover classification 
[Bektas et al. (20)], and could therefore be treated with 
ERCP and laparoscopic irrigation. However, a CBD injury 
should always be considered a sentinel event. And although 
there was no statistically significant difference with regard 
to complications between both groups, it is well known that 
suboptimal exposure and tension of Calot’s triangle can 
promote injuries to the CBD. (III) The LiVac system failed 
to convince surgeons in terms of handling, and the limited 
exposure of the surgical field was the most frequently 
mentioned item of complaint. These conditions led to a 
switch to a conventional 4-port LC in more than half (60%) 
of the LiVac patients. (IV) There were no benefits found 

Table 1 Variables of included patients at baseline

Variables LiVac 3-port LC (n=25) 4-port LC (n=50) P value

Age (years) (mean ± SD) 48.4±17 51.1±16.6 0.52

BMI (kg/m2) (mean ± SD) 27.4±3.8 26.9±3.4 0.74

Gender; n [%] 0.24

Male 13 [52] 19 [38]

Female 12 [48] 31 [62]

Previous abdominal surgery; n [%] 11 [44] 24 [48] 0.74

Preexisting umbilical hernia; n [%] 1 [4] 3 [6] 0.77

Previous ERCP; n [%] 4 [16] 13 [26] 0.33

Smoking; n [%] 7 [28] 13 [26] 0.85

Laboratory values (mean ± SD)

AST (U/L) 27.6±20.1 26.8±20.6 0.51

ALT (U/L)* 31.8±20.5 43.0±64.9 0.50

ALP (U/L) 85.2±45.9 95.2±34.6 0.76

GGT (U/L) 97.4±132.9 72.8±68.2 0.94

CRP (mg/L)* 0.6±1.8 0.4±0.4 0.27

WBC (103/µL) 6.8±2.7 6.7±3.4 0.59

*, variables with deviations between the distributions (Mann-Whitney U test). LC, laparoscopic cholecystectomy; SD, standard deviation; 
BMI, body mass index; ERCP, endoscopic retrograde cholangiopancreaticography; AST, aspartate aminotransferase; ALT, alanine 
aminotransferase; ALP, alkaline phosphatase; GGT, gamma-glutamyl transferase; CRP, C-reactive protein; WBC, white blood count.
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Table 2 Surgical and perioperative measures

Variables LiVac 3-port LC (n=25) 4-port LC (n=50) P value

Switch to 4-port LC; n [%] 15 [60] – –

Operative time (min) (mean ± SD) 99.2±41.2 75.3±27.8 0.008

Complications according to Clavien-Dindo; n [%]

I 3 [12] 2 [4] 0.19

II 0 [0] 1 [2] 0.47

III 1 [4] 2 [4] 1.00

IV 0 [0] 0 [0] –

V 0 [0] 0 [0] –

All grades I–V 4 [16] 5 [10] 0.45

Pain Scores (NRS) (mean ± SD) 

POD 1* 2.01±2.01 1.54±1.31 0.39

POD 3 0.82±0.83 0.74±1.02 0.21

Laboratory values

POD 1 (mean ± SD)

AST (U/L) 70.4±24.5 67.2±27.6 0.53

ALT (U/L) 95.9±47.4 81.7±47.7 0.24

ALP (U/L)* 81.7±53.6 77.4±32.6 1.00

GGT (U/L) 76.8±73.5 72.9±58.5 0.82

CRP (mg/L) 5.7±7.9 4.1±5.1 0.21

WBC (103/µL) 9.2±3.4 9.3±2.7 0.34

POD 3 (mean ± SD)

AST (U/L)* 60.0±82.5 37.4±15.7 0.31

ALT (U/L) 100.8±128.6 65.6±35.9 0.38

ALP (U/L) 94.1±53.4 82.3±31.0 0.69

GGT (U/L) 124.8±81.2 88.9±76.0 0.09

CRP (mg/L) 5.8±7.9 9.9±9.9 0.77

WBC (103/µL) 7.4±2.5 6.7±2.0 0.43

*, variables with deviations between the distributions (Mann-Whitney U test). LC, laparoscopic cholecystectomy; SD, standard deviation; 
NRS, numeric ranking scale; POD, postoperative day; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline 
phosphatase; GGT, gamma-glutamyl transferase; CRP, C-reactive protein; WBC, white blood count. 

for patients in the LiVac group in terms of postoperative 
pain levels, as differences in NRS were statistically not 
significant.

Despite the mentioned problems with LiVac, it should 
be also emphasized that its application did not result in 
sonographically visualizable subcapsular liver hematomas, 
nor did it cause any remarkable changes in laboratory values.

In contrast to our results, Chiung Ta Lu and Gan found 
reduced postoperative opioid need in patients with LiVac 
3-port versus 4-port LC (21). In the same study, operating 
time was significantly reduced in the 3-port LiVac group 
compared with the 4-port LC (58.3 vs. 89.4 minutes; 
P<0.001). However, they stated that “All surgeons had at 
least 10 years operative experience as consultant surgeons…” and 



Annals of Laparoscopic and Endoscopic Surgery, 2023Page 8 of 10

© Annals of Laparoscopic and Endoscopic Surgery. All rights reserved.   Ann Laparosc Endosc Surg 2023;8:2 | https://dx.doi.org/10.21037/ales-22-48

“…all the 3-port laparoscopic cholecystectomies were performed 
by one surgeon…”. This setting cannot be compared to our 
study. At our institution, the vast majority of laparoscopic 
cholecystectomies are performed by residents under 
supervision of a consultant. Thus, the longer operating 
times and poor satisfaction with the LiVac retractor in our 
study may also reflect a lack of familiarity of surgeons with 
the device. The possible effect of a learning curve was not 
investigated in our series. 

The strengths of the study consist in the testing of 
the LiVac under everyday surgical conditions as well as 
the assessment of the surgical handling by means of a 
standardized questionnaire.

Limitations of our study are the monocentric design, 
the small patient cohort and the limited follow-up period 
of only three PODs, which should be considered when 
interpreting the results.

For the parameters baseline ALT, baseline CRP, NRS on 
POD 1, ALP on POD 1 and AST on POD 3, not all the 
necessary prerequisites for performing the Mann-Whitney 
U test were fulfilled, so that these test results should be 
interpreted with particular caution.

Conclusions

It can be concluded that laparoscopic 3-port cholecystectomy 
with the LiVac retractor is feasible. However, we think that 
LiVac should only be used by (I) experienced laparoscopic 
surgeons, that (II) are very familiar with the device, and 
(III) when standards such as the “Critical View of Safety” are 
strictly followed. Due to the specifics regarding handling and 
limited exposure of the operative field with the LiVac system 
mentioned above, 3-port LC is hardly suitable as a training 
procedure, and is not appropriate for wide application. 

In our own evaluation, the benefits of a standard 4-port 
LC with a better retraction of the gallbladder and thus 
better visualization of Calot’s triangle clearly outweighs the 
supposed advantages of saving a 5 mm port. 

A prospective randomized comparative study would be 
required to reach a definitive assessment.
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