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ABSTRACT

Background and Objectives: Open conversion (OC)
occurs in 5 to 10% of laparoscopic cholecystectomies
(LCs) and results in suboptimal outcomes. Herein, we
report our experience with OC in cholecystectomy per-
formed with the minimally invasive (MIS) approach.

Methods: Data from 960 minimally invasive cholecystec-
tomies performed in the University of Illinois at Chicago
(UIC) Division of General, Minimally Invasive, and Ro-
botic Surgery were retrospectively compiled. Patient de-
mographics and outcomes were analyzed for the major
indicators that may predispose to OC.

Results: Male gender and intraoperative diagnosis of
acute or gangrenous cholecystitis were identified as sta-
tistically significant individual predictors for OC. Conver-
sion incidence was significantly lower in every paired
demographic combination when compared with the lapa-
roscopic data.

Conclusions: Our retrospective study identified some
specific factors associated with significantly higher risk
of OC in both laparoscopic and robotic cholecystec-
tomy. The impact of these risk factors seems to be lesser
in the robotic than in the laparoscopic approach. Fur-
ther investigation is necessary to validate these find-
ings.

Key Words: Cholecystectomy, Conversion to open sur-
gery, Laparoscopy, Risk, Robotic surgery.

INTRODUCTION

Cholecystectomy by a minimally invasive approach has
become the most common intra-abdominal surgery per-
formed in the United States and other Western nations.1,2

The advantages of minimally invasive over open surgery
are well documented in the literature and range from
decreased postoperative pain and reduced scarring to
decreased length of hospital stay.3,4 Despite the aforemen-
tioned advantages of minimally invasive surgery (MIS),
there are scenarios where an open procedure may be a
safer choice based on perceived limitations of the mini-
mally invasive technique. Recent studies have shown that
�4.9% of traditional laparoscopic cholecystectomies are
converted to open surgery for a variety of reasons, ranging
from unclear anatomy to excessive inflammation and ad-
hesions from prior abdominal operations.5–7 Conversion
to the open technique subjects patients to increased post-
operative pain, potentially higher blood loss, longer re-
covery time and time until return to work, and suboptimal
cosmetic outcomes.8–10

Having advance knowledge of the factors that increase
risk of conversion may enable surgeons to have a more
individualized preoperative risk discussion with the pa-
tient. Prior evidence of adverse outcomes in patients who
underwent open conversion based on certain risk factors,
highlights the importance of effective preoperative risk
assessment.11 Multiple scientific efforts attempted to iden-
tify factors for conversion risk; however, there is no set of
unified guidelines, and those published are inherently
skewed toward their center’s patient population.12–18 We
retrospectively reviewed the MIS experience at our insti-
tution to identify risk factors that best reflect our patient
population.

MATERIALS AND METHODS

A total of 960 cases involving cholecystectomy from the
University of Illinois at Chicago (UIC) Division of General,
Minimally Invasive, and Robotic Surgery were retrospec-
tively compiled between 2011 and 2015. Inclusion criteria
for the study were all patients age 17 and older who
underwent cholecystectomy during the study period. Pa-
tient demographics and surgical outcomes including gen-
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der, age, BMI, prior surgical history, intra-operative diag-
nosis, case duration, and ASA class were compiled and
analyzed for the major indicators that may predispose a
patient to open conversion. In total, data were compiled
on 284 laparoscopic cholecystectomies (LCs) and 676
indocyanine green (ICG) fluorescence-aided robotic
cholecystectomies (RCs) performed at UIC during the
recruitment timeframe of 2008 to 2015. The laparo-
scopic data include all cases available through the elec-
tronic medical records (EMR) system that fit the inclu-
sion criteria.

All surgeries included in the study were performed by the
same surgical team at UIC, consisting of surgeons who
had performed �125 robotic and laparoscopic surgeries
in total. Data analysis was conducted with SAS software
9.4 (SAS Institute Inc., Cary, North Carolina, USA). No
randomization of patients into either of the subgroups
occurred. This research did not receive any specific grant
from funding agencies in the public, commercial, or not-
for-profit sectors. Permission to use retrospective data was
granted through the UIC College of Medicine Institutional
Review Board (IRB) (protocol 2011-1104).

RESULTS

Results of multivariate logistic regression analysis with the
outcome open conversion for the predictors of age 40�,

gender, and intra-operative diagnosis resulted in statisti-
cally significant values for gender (P � .032) and intraop-
erative diagnosis (P � .014). Complete statistics are shown
in Table 1.

The overall conversion rate for the traditional laparo-
scopic and robotic groups was 3.87 and 0.15%, respec-
tively. After dividing patients into subgroups based on the
key demographics identified in the regression analysis,
patients who underwent laparoscopic cholecystectomy
and met 1 criterion of age over 40 (n � 136), an intra-
operative diagnosis of either acute cholecystitis or gangre-
nous cholecystitis (n � 91), or male gender (n � 65) had
an open conversion percentage of 5.15, 8.33, and 9.23%,
respectively. Patients who met 2 criteria—age and gender
(n � 39), age and diagnosis (n � 45), or gender and
diagnosis (n � 28)—had conversion percentages of 12.82,
13.04, and 21.43%, respectively. In the subgroup of qual-
ifying patients who met all 3 criteria (n � 18), the con-
version percentage was 27.78%.

When compared with the same key demographic subsets
in patients who underwent robotic procedures, a statisti-
cally significant decrease was seen in each subgroup in
Z-scores calculated based on the single categorical char-
acteristic of open conversion (Table 2). Patients who had
robotic cholecystectomy and met 1 criterion of age over
40 (n � 371), an intraoperative diagnosis of either acute
cholecystitis or gangrenous cholecystitis (n � 130), or
male gender (n � 181) had an open conversion percent-
age of 0.27, 0.76, and 0.55%, respectively. Patients who
met 2 criteria—age and gender (n � 138), age and diag-
nosis (n � 80), or gender and diagnosis (n � 39)—had
conversion percentages of 0.72, 1.33, and 2.56%, respec-
tively. In the subgroup of qualifying patients who met all
3 key demographic criteria (n � 29), the conversion per-

Table 1.
Logistic Regression of Predictive Demographics

Odds Ratio 95% CI P

Age 1.01 (0.97–1.06) 0.576

Female 0.23 (0.06–0.88) 0.032

Operative diagnosis 7.39 (1.51–36.11) 0.014

Table 2.
Demographic Based Conversion Comparison

Demographic Laparoscopic Cases: Conversions (n) Robotic Cases: Conversions (n) Z-Score P

Age 40� 136:7 371:1 3.9045 0.0001

Male gender 65:6 181:1 3.6095 0.0003

Preoperative diagnosis 91:8 130:1 2.9695 0.00298

Age and diagnosis 45:6 80:1 2.8203 0.0048

Gender and diagnosis 28:6 39:1 2.4898 0.01278

Age and gender 39:5 138:1 3.6857 0.00022

All three
demographics

18:5 29:1 2.4297 0.0151
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centage was 3.45%. Reasons for conversion and complete
demographic information are found in Tables 3 and 4.

DISCUSSION

Numerous studies have attempted to identify a set of risk
factors for open conversion in laparoscopic cholecystec-
tomy. By identifying data points that may be incorporated
into a scoring algorithm, patients could be risk stratified
before surgery to decide which approach is ideal.19 Many
of the studies identify similar demographics including
gender, patient age, preoperative diagnosis, previous ab-
dominal surgery, or other comorbidities that are easily
compiled with a simple history, yet they often differ on
specifics. For example, one study suggested that patients
�50 years of age are at increased risk for conversion.6

Another study suggests higher risk at 60 years of age.15

Some research has also suggested 65 years of age as the

appropriate cutoff, presumably based on the patient pop-
ulations sampled in each study.20 In our study, we found
that the percentage of conversions was highest in patients
older than 40, with slight variations when the data were
stratified upward at 5-year intervals (Table 5). Other stud-
ies have cited risk factors that require laboratory testing
and further resource utilization, including ultrasound pa-
rameters, bilirubin and liver enzyme levels, white cell
count, and inflammation assessment before surgery.13,15,21

The range of study results makes it difficult to set defini-
tive guidelines; however, working within ranges may al-
low for effective stratification.

Our study concludes that some specific risk factors for
open conversion are being identified simultaneously and
across both patient populations (laparoscopic and ro-
botic). In addition, by retrospectively matching patients
on risk factors in both laparoscopic and robotic groups we
were able to identify possible scenarios where the robotic
approach may be better suited for a particular patient to
reduce the risk of open conversion. This specific and
additional finding is in line with evidence from recent
literature indicating that robot-assisted procedures may
reduce the risk of open conversion across multiple spe-
cialties.22–25 Regarding cholecystectomy specifically, we
do not suggest that the robotic approach is superior in
all cases—merely, that consideration of individual pa-
tient risk factors in light of conversion rates observed in
multiple studies may improve outcomes in certain sce-
narios. As medicine continues to move toward greater
individualization of care, it is prudent for surgical inter-
ventions to mirror this individualized approach to pro-
vide optimal care whenever possible.

Although not within the scope of this article to discuss at
length, the economic factors at play when comparing the
robotic and laparoscopic techniques for cholecystectomy
are important to address. Although the robotic cholecys-
tectomy remains more expensive on a per-case basis,

Table 3.
Reasons for OC in Laparoscopic Cholecystectomy

Reasons Patients, n (% of Total
Conversions)

Open conversion

Unclear anatomy 1 (9.09)

Significant
inflammation

2 (18.18)

Dilated cystic duct with
unsuccessful
cholangiogram

1 (9.09)

Inflammation�adhesions 1 (9.09)

Adhesions�bleeding 3 (27.27)

Significant adhesions 2 (18.18)

Unroofed Abscess 1 (9.09)

Robotic conversion

Inflammation and
bleeding

1 (100)

Table 4.
Demographics of Patients Who Undergo Laparoscopic Cholecystectomy

Demographic Laparoscopic Conversion
(n � 11)

Laparoscopic Nonconversion
(n � 278)

Robotic Conversion
(n � 1)

Robotic Nonconversions
(n � 675)

Average age, y 42.54 40.69 63 43.88

Average ASA class 2.27 1.96 2 2.06

Average BMI 28.47 31.29 36.80 32.27

Prior abdominal surgery, n (%) 2 (18.18) 62 (22.30) 0 (0) —

Male patients, n (%) 6 (54.45) 58 (20.86) 1 (100) 179 (26.52)
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there is evidence from other specialties to show that large
centers that use robotic capability to capacity may reduce
per-case costs to a level comparable to that of laparo-
scopic procedures.26 In addition, the lowered risk of open
conversion in robotic cholecystectomy may further even
out surgical costs by eliminating the estimated $8500 ad-
ditional cost for open conversion, primarily because of
increased length of hospital stay.27 Larger, economics-
focused studies are needed to thoroughly investigate the
costs associated with robotic and laparoscopic cholecys-
tectomy, taking into account variables such as volume and
capacity.

A clear limitation of our study is the single-institution
retrospective design and the inherent biases that accom-
pany it. However, it is still useful to consider the statisti-
cally significant outcomes that were found. This study

may provide a framework from which a randomized con-
trolled trial could be designed to validate and expand
upon the findings presented here or provide a useful
stimulus for other institutions to analyze their own unique
patient population–based data. Additional criticisms may
include the surgeon’s preference and selection bias, as
well as experience bias regarding the cases involved.
Although a potentially valid consideration, it is important
to reiterate that the surgeons in the study have extensive
experience in each approach and continue to perform
both as part of daily surgical practice. Publications vary in
their definition of an “expert” or “high-volume” surgeon in
laparoscopic cholecystectomy based on number of cases
performed, but consensus seems to be �100 cases overall;
each UIC surgeon included in the study has performed
well over that number.6,28,29 There are also no dedicated
robotic and traditional laparoscopic teams at UIC. In ad-
dition, the UIC general surgery team performs only the
traditional laparoscopic cholecystectomy at affiliated insti-
tutions, because of the lack of a robotic platform at these
community sites; however, information from these cases
could not be included within the study because of a lack
of IRB oversight at these sites. The limitation of sample
size discrepancy is also valid; however, the study includes
all available laparoscopic cases from the ERM available to
the researchers.

CONCLUSIONS

Our retrospective study identified specific risk factors (age
40� years, male gender, and preoperative diagnosis of

Figure 1. Paired conversion percentages in laparoscopic versus robotic cholecystectomy.

Table 5.
Laparoscopic Patient Age Ranges and Open Conversions

Patient Age Range
(y)

Open Conversions/Qualifying
Patients (%)

70� 1/20 (5)

65� 1/31 (3.22)

60� 1/42 (2.38)

55� 2/57 (3.51)

50� 4/83 (4.82)

45� 5/102 (4.90)

40� 7/136 (5.15)
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acute or gangrenous cholecystitis) that are associated with
a significantly higher risk of open conversion in both
laparoscopic and robotic cholecystectomy. However, in
our own center’s experience, the impact of the identified
risk factors seem to be lesser in the robotic versus the
laparoscopic approach (Figure 1).

Further investigation, ideally through prospective ran-
domized trials, is necessary to validate our retrospective
findings before considering the possibility of introduc-
ing a more individualized preoperative risk discussion
and surgical plan in this specific subset of patients.
Until then, definitive conclusions cannot be drawn as to
which approach is best suited for the individual
patient.
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