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Abstract

Purpose: To discuss the use of models of hepatic retraction by laparoscopy, to present a 
new Hepatic Retractor (HR) and to evaluate its practicality, efficacy and safety in Esophageal 
Hiatus Exposure (EHE). 
Methods: Experimental cross - sectional study with a quantitative character. It was carried out 
in the Laboratory of Health Training of Christus University Center. The sample consisted of 12 
livers of adult pigs weighing between 30 and 45 kg. A circular-shaped HR, 5 cm diameter and 
deformable materials was developed with a polypropylene cloth, metallic guide wire, epidural 
needle plastic guide and nylon string. The practicality of HR management was measured by 
the time required to use the instrument, efficacy by exposure to the operative field and safety 
by macroscopic assessment of liver damage. 
Results: The average time to complete the procedure was 3.24 minutes and reached less 
than 2 minutes after 12 repetitions. In eight experiments the maximum degree of EHE was 
obtained. No macroscopic lesions were observed. 
Conclusion: The use of HR described can broaden the operative field, without causing 
macroscopic liver lesions and prolonging the surgical time.
Key words: Surgery. Laparoscopic. Liver. Swine.

DOI: http://dx.doi.org/10.1590/s0102-865020180110000004

IFellow Master degree, Postgraduate Program in Minimally Invasive Technology and Health Simulation, Centro 
Universitário Christus (UNICHRISTUS), Fortaleza-CE, Brazil. Conception and design of the study; technical procedures; 
acquisition, interpretation and analysis of data; manuscript preparation and writing.
IIMD, General Surgeon, Hospital Universitário Walter Cantídio, Fortaleza-CE, Brazil. Manuscript preparation, critical 
revision.
IIIPhD, Assistant Professor, Professional Master’s Degree Program in Minimally Invasive Technology and Simulation in 
Health, UNICHRISTUS, Fortaleza-CE, Brazil. Conception and design of the study, critical revision.
IVPhD, Assistant Professor, Professional Master’s Degree Program in Minimally Invasive Technology and Simulation in 
Health, UNICHRISTUS, Fortaleza-CE, Brazil. Conception and design of the study, statistical analysis, interpretation of data, 
critical revision.
VMD, Holy House of Mercy of Fortaleza, Professional Master’s Degree Program in Minimally Invasive Technology and 
Simulation in Health, UNICHRISTUS, Fortaleza-CE, Brazil. Conception and design of the study, interpretation and analysis 
of data, critical revision, final approval.

975



 

Hepatic retractor in an ex vivo model 
Silveira DG et al.

Acta Cir Bras. 2018;33(11):975-982

976

The regulations of the National Council for the 
Control of Animal Experimentation (CONCEA) 
were observed to adopt an alternative method 
to the use of animals in research activities in 
Brazil8.
 The pig liver (ex vivo model) was 
positioned within the cavity of the EndoSuture 
Training Box® simulator. This abdominal cavity 
simulator is validated and used in teaching and 
research practices. It is capable of providing 
a suitable surgical field for the training of 
several surgical procedures9,10. All measures 
were performed by a single evaluator, avoiding 
any kind of unfairness. The experiments were 
performed one after the other, following the 
same pattern of procedures.
 An HR prototype with circular shape 
and diameter of 5 cm was elaborated. 
Materials that were deformable and semi-
rigid were searched for. After being deformed 
by some external force, the material should 
regain its original shape. After a technical 
drawing the author himself constructed an 
HR with the materials available in the surgical 
arsenal (Figure 1). For the high memory rigid 
rod forming the perimeter of the HR, a metallic 
guide wire was used that composes the 
central venous access of the catheterization 
material. A polypropylene mesh commonly 
used in hernia repair was cut in a circular 
format to compose the central disk of the HR. 
A rigid central rod was made with the plastic 
guide that accompanies the needle used for 
epidural anesthesia. The 5.0 nylon thread 
had as a function to fix the materials to the 
polypropylene fabric. The estimated final cost 
for building HR was around $45. An Invention 
Patent was filed with the National Institute of 
Industrial Property (INPI) with the following 
patent registration BR 102016028346-9.   

 ■ Introduction

  Hepatic Retrator (RH) is intended to 
increase Esophageal Hiatus Exposure (EHE) 
through the displacement of the Left Hepatic 
Lobe (LHL). Over the last few decades, 
numerous retractors and techniques have 
been developed to facilitate laparoscopic 
procedures in the upper abdomen1. As a way 
to compensate for the lack of instruments to 
move the LHL, some surgeons use tweezers, 
vacuum cleaners, wires, drains and probes2. It 
is known that the expansion of the operative 
field contributes to the surgical treatment 
of obesity3, gastric pathologies4 and gastro 
esophageal reflux disease5.
  The principles of 3Rs (Reduction, 
Refinement and Replacement) are based on 
finding alternatives to reduce the number of 
animals in research6. The swine liver has an 
anatomical similarity with the organ of the 
human being. The segmental anatomy of the 
pig liver is well studied and has similarities 
with the human liver7. The elaboration of a 
new surgical instrument or its improvement 
is a challenging activity. The objective of 
this study is to discuss the use of HR models 
by laparoscopy, to present a new HR and to 
evaluate its practicality, efficacy and safety in 
the EHE.

 ■ Methods

 A quantitative cross-sectional study was 
carried out at the Christus University Center 
Health Training laboratory. 
 The sample consisted of 12 livers of male 
Landrace pigs. The organs weighed between 30 
and 45 kg and were purchased in a meatpacker 
up to 6 hours before the experiment. The health 
surveillance standards have been respected. 
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Figure 1 - HR prototype.

Variables analyzed

 The practicality of HR management 
was measured by time. The time to enter the 
simulator (HR positioning at the entrance of 
the 10 mm trocarte coupled to the simulator) 
until the maximum static retraction of the liver 
for 10 seconds (T1) and the time between the 
end of the period of maximum static retraction 
of the liver to withdrawal of the simulator 
cavity (T2). The time was checked with the 
professional digital chronometer Vollo® Vl-510 
C/10Memory.
 To perform the HR efficacy experiment 
in providing surgical field, a tape measure 
and ruler behind the swine liver were fixed 
and the highest degree of liver retraction in 
centimeters was measured (Figure 2). The 
largest measure of retraction provided by HR 
was tabulated as degree 1 of exposure and the 
lowest measure of retraction as grade 3. The 
intermediate measurement was tabulated as 
grade 2 of exposure. In case of not being able 
to see the tape measure due to insufficient 
retraction of the liver or it was not possible 
to maintain the maximum hepatic retraction 
for 10 seconds it was considered degree 4 of 
exposure. Measurements were performed at 
the time of greatest hepatic retraction.

Figure 2 - Moment of greatest hepatic retraction.

 Macroscopic liver lesion was assessed 
visually by identifying lesions on hepatic 
surfaces which suffered the HR direct action. 
Hepatic lesions were classified according to the 
graduation scale established by the American 
Association of Trauma Surgery11. The presence 
of lacerations or bruises (grade I to III) was 
evaluated. Vascular lesions (grade IV and V) 
and hepatic avulsion (grade VI) do not apply to 
the experiment for the obvious reason of being 
an ex-vivo research model. Liver photographs 
(Nikon Coolpixp520 camera) were taken before 
and after the experiment for comparison and 
analysis. At the moment of greatest retraction, 
the force applied by the HR was measured 
on the surface of the liver. The measurement 
was performed by traction test using a digital 
dynamometer calibrated in Kilogram-force 
(kgf) with automatic lock function for stable 
data (Figure 3).

Figure 3 - Measurement of the force applied by HR.
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Statistical analysis

 Categorical quantitative results were 
presented as percentages and counts. The 
collected data were tabulated and analyzed by 
SPSS software, v23, IBM, Inc.

 ■ Results

 In Table 1, it was observed that the 
time to use the retractor was decreasing as it 
was being used and after 12 repetitions the 
evaluator took less than 2 minutes to do the 
HR positioning and withdrawal procedure. The 
average time to complete the procedure was 
3.24 minutes.

Table 1 - Time for the use of HR.
(T1) (T2) Total Time 

Liver 1 3min48seg 2min14seg 6min02seg
Liver 2 2min52seg 1min23seg 4min15seg
Liver 3 2min35seg 1min12seg 3min47seg
Liver 4 2min43seg 1min10seg 3min53seg
Liver 5 2min24seg 48seg 3min02seg
Liver 6 2min26seg 1min03seg 3min29seg
Liver 7 1min56seg 54seg 2min50seg
Liver 8 2min04seg 47seg 2min51seg
Liver 9 1min58seg 39seg 2min37seg
Liver 10 1min28seg 49seg 2min17seg
Liver 11 1min18seg 42seg 2min08min
Liver 12 1min14seg 36seg 1min50seg

 Table 2 shows the maximum retraction 
of the left hepatic lobe and the EHE grade. 
It was found that at the beginning of the 
experiment it was possible to reach maximal 
liver retraction and the highest EHE. In eight 
experiments the maximum EHE degree was 
obtained.

Table 2 - Expansion of the operative field with HR.
Experiments Maximum 

Retraction
Exposition 

grade
1 10cm 3
2 13 cm 2
3 13 cm 2
4 15 cm 1
5 15 cm 1
6 15 cm 1
7 13 cm 2
8 15 cm 1
9 15 cm 1
10 15 cm 1
11 15 cm 1
12 15 cm 1

 No macroscopic lesions were observed 
in any of the 12 livers used in the experiments. 
Table 3 shows the force applied to the liver at 
the time of greatest retraction. There was a 
slight variation in the force used that was not 
able to cause bruising or lacerations in any of 
the scenarios.

Table 3 - Strength applied to the liver by HR.
Kgf N

Liver 1 0.105 1.029
Liver 2 0.110 1.078
Liver 3 0.108 1.059
Liver 4 0.121 1.186
Liver 5 0.113 1.108
Liver 6 0.103 1.010
Liver 7 0.115 1.127
Liver 8 0.118 1.157
Liver 9 0.134 1.314
Liver 10 0.125 1.225
Liver 11 0.116 1.137
Liver 12 0.112 1.098

Kgf - Kilogram-force; N – Newton
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 ■ Discussion

 HR is an important aspect in laparoscopic 
procedures of the upper abdomen. Surgeons 
have created several methods for HR because 
of limitations related to the absence of 
commercially available equipment. A review 
study analyzed the use of various hepatic 
retractors in the EHE and the time required for 
the EHE to be displaced through the analysis of 
surgical videos. Nasogastric tube (NG), hepatic 
suspension by puncture and drainage, 3 mm 
laparoscopic forceps, umbilical tape (sling 
method) and suture of the diaphragmatic 
pillar (crural suture) were used to mobilize 
the liver. The use of 3mm laparoscopic forceps 
achieved the best EIE grade, followed by 
umbilical tape and NG suspension. The use of 
3mm laparoscopic forceps required less time 
to remove the liver (average of 2.8 minutes), 
followed by diaphragmatic pillar suture 
(average of 5.14 minutes) and NG suspension 
(average of 7 minutes). The average time to 
create liver retraction ranged from 2.8 to 8.6 
minutes. The most used methods were: NG 
suspension (36 cases), umbilical tape (22 cases) 
and hepatic suspension by puncture and drain 
use (22 cases). It is not possible to compare 
these methods with what was used in ex vivo 
pig liver2.
 A review study evaluated 10 instruments 
or techniques used for HR. Devices included 
were Nathanson liver retractor, liver suspension 
tape, V-List technique, a silicone disc with or 
without a snake retractor, Endoloop, Endograb, 
a magnetic retractor, the VaroLift, a laparoscope 
support and a retraction sponge. None of the 
instruments reported was associated with 
increased morbidity and conversion rates for 
open surgery. All articles reported that the 
instruments tested may save the use of the 
assistant during the procedure. All instruments 
were considered easy to use. It was not possible 
to determine the impact on the time of the 

surgical procedure due to heterogeneity of 
procedures and reduced sample. The authors 
reported good to excellent field of vision1. One 
study compared three different HR methods by 
laparoscopy during Roux-en-Y gastric bypass 
surgery. Sixty patients were randomly divided 
into groups. He evaluated Nathanson’s HR 
and V-LIST (V-LIST) methods using penrose 
drain and tape suspension technique using 
the Jackson-Pratt drain. Hepatic dysfunction 
related to Nathanson’s HR was observed, but 
there was no evidence of hepatic impairment. 
Postoperative pain was lower in the group that 
used hepatic suspension with Jackson-Pratt 
drain. Hepatic suspension techniques are easy 
to learn and do not need an extra incision for 
HR placement3.
 It is possible to eliminate the need for 
a trocarte for the use of HR by using a suture 
in the upper portion of the right pillar with 
subsequent exteriorization of the two ends 
of the strand by a percutaneous device. The 
traction of the wire well positioned in the LHL 
is capable of suspending it and widening the 
operative field12. Another technique designed 
to suspend the LHL nontraumatically, uses a 
Penrose drain 8 cm long and 1 cm wide. Two 
sutures with silk strands were performed at 
both ends of the penrose prior to insertion 
of the drain into the abdominal cavity. After 
opening the triangular ligament, the drain is 
positioned under the left lateral segment of the 
liver and the silk thread is passed through the 
opening created by the section of the triangular 
ligament. The silk thread of approximately 
10cm at each end of the penrose is exteriorized 
from the abdominal cavity by improvisation 
of a device used for venous access puncture. 
After traction and fixation in the abdominal 
wall of the two ends of the wire a larger EHE is 
possible5.
 One alternative that has proven to be 
effective and safe is to replace penrose with 
surgical gauze to suspend LHL. In this technique 
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the yarn is exteriorized from the abdominal 
cavity through the use of straight needles at the 
ends of the gauze4. Moura-Júnior et al.13, used 
a zero-lined silk thread in 7 cm of nelaton probe 
to protect the hepatic parenchyma during LHL 
displacement. The wire had one end anchored 
to the right diaphragmatic pillar and the other 
to the portal to the left of the surgeon. The goal 
was to improve the EHE during 48 laparoscopic 
procedures of the upper abdomen. Placement 
of the flexible liver retractor did not increase 
operative time, was easy to handle, and may 
improve EHE during single port and robotic 
surgery.
 A device for internal retraction of the 
liver was used in fourteen surgical procedures, 
through laparoscopic access, of the upper 
abdomen. The HR was formed by a disposable 
telescopic rod with anchoring jaws at each end. 
The retractor was introduced into the peritoneal 
cavity through a 5 mm trocarte and needed a 
proper tool to attach the left end previously 
to the diaphragmatic origin of the right pillar. 
The right extremity was medial to the falciform 
ligament and anchored to the peritoneum 
located below the left border of the liver. After 
fixation of the retractor, the fixation tool was 
removed and the trocarte made available 
for the use of other surgical clamps. Thus, 
it eliminated the need for an incision for the 
retractor and freed one of the surgeons’ hands. 
The retractor was easy to use and allowed 
adequate exposure of the operative field in all 
procedures. There were no intra-operative or 
post-operative complications (intra-abdominal 
bleeding or diaphragm perforation) related to 
the device. The position time of the retractor 
improved with the experiment and reached 
approximately 1 minute14.
 Shibao et al.15 used a leaf-shaped 
retractor and made with a rubber membrane 
and flexible memory structure as HR during 
laparoscopic surgeries of the upper abdomen. 
A snake retractor is needed to aid in liver 

retraction. An elastic band attached to the skin 
was used for the external fixation of the snake 
retractor and release of the auxiliary surgeon’s 
hand. The entire procedure lasts less than 3 
minutes and provides a better surgical field.
 Transient elevation of hepatic enzymes 
has been described in the immediate post-
operative period of surgeries that use some 
type of HR. This laboratory change is not usually 
related to clinical repercussions16. However, 
inadequate manipulation of an HR can lead to 
liver damage and, consequently, increase the 
surgery morbidity. Avoid applying excessive 
force to the liver and adjust the HR during long 
surgeries17. There are reports of more serious 
cases, such as hepatic lobe necrosis related to 
the use of HR18. The described HR format allows 
a reduction of the force applied to the liver and, 
consequently, protection against liver damage. 
The greater the force required to manipulate 
HR, the less convenience for the surgeon and 
the greater possibility of loss of the surgical 
field. It was not possible to evaluate changes in 
liver enzymes because it is an ex vivo organ.
 Although some liver elevation methods 
have been reported, obese patients and 
patients with hepatomegaly may not have 
good operative field exposure. The presented 
retractor appears as an effective alternative 
in the enlargement of the operative field by 
displacement of the LHL, without prolonging 
the surgical time extensively. Due to the 
simplicity of the prototype construction and 
the wide availability of the materials needed for 
its manufacture, HR can be used in the surgical 
materials market as a lower cost alternative. 
Some disadvantages of the HR assessed are the 
need for an additional incision and occupation 
of one of the assisting surgeon’s hands. The 
improvement of the HR and the manipulation 
technique of it can contribute to the resolution 
of these negative points. Studies in humans 
need to be performed to refine and test the 
described HR.
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 ■ Conclusion

 The use of the described HR can 
increase the operative field, without causing 
macroscopic hepatic lesions and prolong the 
surgical time. Further studies are needed 
to validate and perfect this new surgical 
instrument.
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