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Purpose. To identify the risk factors for malignancy-related conversion in
laparoscopic colorectal resections.

Methods. We retrospectively analyzed all laparoscopic colorectal cancer
surgeries performed between July 2007 and December 2010 by 1 special-
ist to investigate the risk factors for conversion.

Results. Of the 280 laparoscopic colorectal cancer surgeries, 16 were
converted to open surgery, an overall conversion rate of 5.7%. Univariate
analysis revealed that a body mass index (BMI) of > 27 kg/m?, T4 lesions,
and being among the first 20 operations performed by the surgeon were
factors significantly associated with conversion. Multivariate analysis
also showed that a BMI of > 27 kg/m* (p = 0.025), T4 lesions (p = 0.001),
and being among the first 20 operations (»p = 0.001) were independent
factors of conversion. Other factors, such as gender, age, tumor location,
tumor size, TMN staging, any metastasis, neo-adjuvant treatment, pre-op
carcinoembryonic antigen (CEA) level, and albumin level, showed no in-
fluence on the likelihood for conversion.

In our study, the reasons for conversion fell into 3 categories: (1) pa-
tient-related factors, such as obesity, adhesion, and enlarged ovaries, (2)
disease-related factors, including tumor invasion of adjacent organs such
as the bladder, small bowel, and abdominal wall, and (3) surgery-related
factors such as uncontrollable bleeding, vessel disruption, and difficult
localization of the tumor.

Conclusion. A BMI exceeding 27 kg/m?, T4 lesions, and being among the
first 20 cases (the learning curve) all correlated with conversion risk in
this study. These factors should be taken into consideration during the pre-
operative evaluation.

[J Soc Colon Rectal Surgeon (Taiwan) 2012;23:57-63)

Since the first laparoscopic colonic resection per-
formed by Dr. Jacobs in 1991,' several randomized
trials have confirmed the feasibility and the safety of
laparoscopic colorectal surgery.”* However, some con-
cerns about this procedure still need to be addressed.
One of the major concerns is regarding intra-oper-

ative conversion from laparoscopic to open surgery.
Conversion rates from 2% to more than 40% have
been reported by several investigators.>® Addition-
ally, conversion may negate some of the benefits of
laparoscopic surgery, resulting in short-term compli-
cations that include an increased rate of wound infec-

Received: August 10, 2011.

Accepted: September 20, 2011.

Correspondence to: Dr. Shung-Haur Yang, Division of Colon & Rectal Surgery, Department of Surgery, Taipei Veterans General
Hospital, National Yang-Ming University, No. 201, Sec. 2, Shih-Pai Road, Taipei 11217, Taiwan. Tel: +886-2-2875-7544; Fax:

+886-2-2895-7639; E-mail: yangsh@vghtpe.gov.tw



58 En-Kwang Lin, et al.

J Soc Colon Rectal Surgeon (Taiwan) June 2012

tions, higher rates of anastomotic leaks, longer hos-
pital stays,’ increased rates of postoperative morbidity
and mortality,>*%
for patients with stage I-I1I colorectal cancer.” Our
objective was to determine the factors affecting con-
version and to improve the conversion rate.

and even adverse survival outcomes

Materials and Methods

We analyzed all cases of colorectal cancer treated
laparoscopically by a particular specialist (S-H Y) be-
tween July 2007 and December 2010. Two hundred
and eighty patients were included in our study.

Conversion to open surgery is defined as “any in-
cision made earlier than planned”.'” The pre-morbid
status, intra-operative findings, and operative out-
comes were retrospectively analyzed from our pro-
spectively compiled database.

We determined whether various clinicopatholo-
gical characteristics could predict conversion. Eleven
variables that could be associated with open conver-
sion were analyzed. These included age (70 years),
gender, BMI (27 kg/m?, defined as overweight), tu-
mor location (right colon, left colon, or rectum), tu-
mor invasion depth (Tis-3, T4), TNM stage (stage [ &
II, IIT & IV), any pre-operative neo-adjuvant treat-
ment, learning curve (checking whether a particular
operation was among the surgeon’s first 20 opera-
tions), tumor size (5 cm), pre-operative (pre-op) car-
cinoembryonic antigen (CEA) level (6 ng/mL), and
pre-op albumin (3.5 g/dL). A chi-square test was per-
formed for univariate analysis of the prognostic value
of these variables. All variables that showed p < 0.1
were also entered into the multivariate model. Multi-
variate analysis was performed using the multiple lo-
gistic regression method, and p < 0.05 was considered
statistically significant. Odds ratios (OR) and 95%
confidence intervals (CI) were calculated. Statistical
analyses were performed using SPSS software (ver-
sion 16.0 for Windows, SPSS, Chicago, IL, USA).

Results

Two hundred eighty patients were enrolled in the

study between July 2007 and December 2010. The
majority of the patients were men (n = 162, 58%),
and the median age was 66 years old (range: 27-96
years). The median BMI was 23 kg/m? (range: 16-34
kg/m?); the median pre-op albumin level was 4.0
g/dL (range: 2.3-5.1 g/dL); and the median CEA
level was 2.55 ng/mL (range: 0.67-3473 ng/mL).
Most of the procedures performed were RH, AR, and
LAR, comprising about 78% of all the procedures
performed. The median operating time was 230 min-
utes (range: 90-600 minutes), and the median blood
loss was 50 mL (range: 10-1650 mL). The median
tumor size was 4 cm (range: 0.5-11 cm), and the
median number of harvested lymph nodes was 16
(range: 0-57). Thirty-four patients had received blood
transfusions.

A total of 16 surgeries (5.7%) required conver-
sion. The reasons for conversion can be categorized
into 3 main groups: the first groups includes patient
factors (n = 6), such as obesity (n =2), easy bleeding
due to low platelet count (n = 1), adhesion (n = 2),
and enlarged ovaries (n = 1); the second group in-
cludes disease-related factors (n = 5) such as tumor
invasion of adjacent organs, including urinary blad-
der (n = 3), small bowel (n = 2), and abdominal wall
(n = 1); the third group included surgery-related fac-
tors (n = 5) such as uncontrollable bleeding (n = 2),
vessel disruption (n = 2), and difficult localization of
the tumor (n = 1). This information is compiled into
Table 1.

Table 2 shows a comparison between cases with
and without conversion, in terms of patient and tu-
mor characteristics and treatment-related variables.
Univariate analysis revealed that BMI > 27 kg/m? (p
=0.016), T4 lesions (p = 0.000), and the being part of
the learning curve (p = 0.02) were significantly as-
sociated with an increased conversion rate. Multi-
variate analysis further showed that these factors
were independent factors of conversion (p = 0.025,
0.001, 0.001, respectively). The results of the multi-
variate analysis are shown in Table 3. Other factors
that were assessed, such as gender, age, tumor loca-
tion, tumor size, TMN staging, any neo-adjuvant
treatment before operation, and pre-op CEA and al-
bumin (the nutrition status) levels, showed no influ-
ence on conversion.
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Table 1. The information of 16 conversions

Sex Age Tumor location

Reason for conversion

I: patient-related factors

Male 81 Sigmoid colon
Female 56 Middle rectum
Male 69 Cecum

Male 69 Transverse colon
Female 73 Upper rectum
Female 81 Sigmoid colon

1I: disease-related factors

Male 62 Sigmoid colon
Male 77 Sigmoid colon
Male 96 Upper rectum
Female 62 Transverse colon
Female 52 Sigmoid colon

III: operator-related factors

Severe adhesion

Severe adhesion due to previous hysterectomy
Obesity

Obesity and bulky tumor

Huge left ovarian cyst

Easy bleeding due to low platelet count

Urinary bladder invasion

Urinary bladder invasion

Ileum and urinary bladder invasion
Small bowel invasion

Abdominal wall invasion

Female 58 Middle rectum Presacral bleeding
Male 81 Ascending colon Check bleeding
Male 61 Sigmoid colon Marginal artery disruption
Male 66 Middle rectum Re-anastomosis due to poor blood perfusion
Male 80 Sigmoid colon Difficult localization of the tumor
Discussion In a MRC-CLASICC follow-up trial,' the authors

The overall conversion rate in our study was
5.7%, which was lower than what has been observed
in other large studies, such as 19% in the COLOR
trial®* and 27% in the MRC-CLASICC trial.# In fact, a
meta-analysis® for laparoscopic colorectal resections
that included 28 studies with more than 3,000 patients
reported a conversion rate of 15.4% (1.9-40.9%).>¢

In most studies, the definition of the term “con-
version” was not addressed. Conversion rates be-
tween 17% and 29% were previously reported for
laparoscopic colorectal resections in prospective ran-
domized multicenter trials.>*!!"!3 In other non-ran-
domized studies with over 100 colorectal resections,
conversion rates varied from 2% to 41%.%%1%!5 This
variation could be explained by a lack of consistency
in the definition of conversion. In this study, we
adopted the generally accepted definition of conver-
sion to be “any incision made earlier than planned”."’

Another possible reason for the lower conversion
rate in our study may be our careful patient selection.
Because there are possible adverse effects of conver-
sion, candidates for laparoscopic surgery are carefully
selected.

categorized the factors influencing conversion into 3
groups: patient-related factors (tumor stage, obesity,
and previous abdominal surgery), surgeon-related
factors (learning curve, experience, and technical
ability), and procedural factors (site of cancer and
equipment failures). Because we believe this classifi-
cation is very useful in defining reasons for conver-
sion, we used a similar categorization. We found that
adhesion and obesity were still major patient-related
factors, comprising 4 out of 16 (25%) conversions.
Disease-related factors, specifically, local invasion of
the tumor to adjacent organs, were responsible for 5
out of 16 (31.25%) conversions. However, the in-
vasions might have not been clearly seen during the
pre-op image studies. As for surgery-related factors,
bleeding and vessel disruption were the major reasons
for conversion. These intra-operative complications
could have been avoided by using delicate technique
and increasing the experience levels of the surgeons.'>!”

Several studies have tried to identify conversion
predictors in patients undergoing laparoscopic sur-
geries for both benign'® or malignant'*?° colorectal
cancers. In our study, we focused only on malignant
cancer cases and identified 3 risk factors: BMI of > 27
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Table 2. Univariate analysis of risk factors for conversion

Table 3. Multivariate analysis of risk factors for conversion

Conversion
Variables P
No Yes
Gender 0.798
Female 112 (40.0%) 6 (2.1%)
Male 152 (54.3%) 10 (3.6%)
Age 0.591
<70 172 (61.4%) 9 (3.2%)
>70 92 (32.9%) 7 (2.5%)
BMI 0.016
<27 187 (77.6%) 6 (2.5%)
>27 42 (17.4%) 6 (2.5%)
AJCC staging 0.603
1&I1 156 (55.7%) 8 (2.9%)
HI&IV 108 (38.6%) 8(2.9%)
Tumor invasion depth 0.000
Tis, T1, T2, T3 256 (91.8%) 11 (3.9%)
T4 7 (2.5%) 5(1.8%)
Neo-adjuvant treatment 0.077
No 144 (51.4%) 5(1.8%)
Yes 120 (42.9%) 11 (3.9%)
Operation number 0.020
<20 16 (5.7%) 4 (1.4%)
>20 248 (88.6%) 12 (4.3%)
Tumor location 0.844
Right colon 84 (30.0%) 4 (1.4%)
Left colon 102 (36.4%) 7 (2.5%)
Rectum 78 (27.9%) 5(1.8%)
Tumor size 0.252
<5cm 190 (68.1%) 9 (3.2%)
>5cm 73 (26.2%) 7 (2.5%)
Pre-op albumin 0.068
<35 35 (12.9%) 5(1.8%)
>3.5 221 (81.2%) 11 (4.0%)
Pre-op CEA 0.768
<6 198 (71.0%) 13 (4.7%)
>6 65 (23.3%) 3 (1.1%)

kg/m?, T4 lesions, and being among the first 20 sur-
geries performed by a particular surgeon.

Body weight has been a predictive factor in many
studies. In one study,'? patient weight was represented
as a 3-level variable, believed to be a trade-off for the
model’s accuracy and simplicity. A better indicator of
obesity, such as BMI,*' might be more accurate. One
study showed that patients with a BMI greater than
28.5 kg/m?* were 2.2-fold more likely to experience
conversion to open surgery. Pikarsky et al.?? also re-
ported significantly higher conversion and complica-
tion rates in obese patients with a BMI exceeding 30

Variables OR 95% CI p

BMI > 27 5.29 1.24-22.60 0.025
T4 lesion 29.72 4.19-210.97  0.001
Neo-adjuvant treatment 1.48 0.28-7.72 0.641
> 20 cases 0.05 0.01-0.29 0.001
Albumin < 3.5 0.61 0.09-4.00 0.609

kg/m?. Examination of the BMI levels in our database
revealed that a BMI > 27 kg/m?* showed significance
in both univariate analysis (p = 0.016) and multi-
variate analysis (OR = 5.3, p = 0.025). In general,
Asian people are smaller in size than Westerners.
Asian patients with a BMI > 27 kg/m? tend to have
more adipose tissue and a “round” structure; this
would result in more conversions.

T4 lesions showed the greatest significance in
both univariate and multivariate analysis (OR = 29.7,
p =0.001). This is consistent with other studies.?*-**
According to recommendations of the Society of
American Gastrointestinal and Endoscopic Surgeons
(SAGES), an open approach is required if laparo-
scopic en bloc resection for a T4 lesion cannot be
safely performed (Level II evidence, Grade B recom-
mendation). Thus, in our study, in patients with any
T4 lesions that could not be adequately resected en
bloc by laparoscopic examination, early conversion
would be suggested. The structure to which the tumor
is adherent, in addition to surgeon skill and experi-
ence, determines whether en bloc resection can be
performed laparoscopically. When curative resection
is the goal, intraoperative discovery of a T4 lesion re-
quires careful consideration of conversion, unless the
surgeon is capable of properly resecting the lesion en
bloc.

Finally, inexperience has been associated with
higher conversion rates in many studies,'”'***% but
this was not found by Wishner et al.?® In our study, the
“learning curve” was determined to be 20 operations.
We had also evaluated case numbers 30, 40, 50, and
60; they all showed no significant power in conver-
sion. In fact, the conversion rate remained stable over
the past 2 years.

One shortcoming of this study is that we did not
consider the influence of previous operations,'®?’ the
American Society of Anesthesiologists (ASA) score,!!1¢
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underlying disease, smoking, or steroid administra-
tion.'® Data for these factors were incomplete, and we
failed to run the statistics. Another pitfall is that
patient selection was largely at the discretion of the
treating surgeon and varied according to the surgeon’s
individual experience. We acknowledge that selection
criteria may have varied over the years, but this is a
problem that has been recognized by other authors.!!
In addition, there was invariably some selection bias
generated by analysis of retrospective reviews of la-
paroscopic colorectal resections, as study subjects are
nonrandomized.

To summarize, even though laparoscopic-assisted
bowel resections offer benefits over open techniques,
such as reduced postoperative pain, less analgesic
consumption, better cosmesis, faster return of gastro-
intestinal function, shorter hospital stay, and less ex-
penses related to operative time and direct costs,>*
conversions still occur. While some studies reported
no significant influence of conversion on the post-
operative morbidity rate,”® conversion is usually as-
sociated with worse perioperative outcomes, includ-
ing an increase in operative time,*!* blood loss,*
blood transfusion requirement,'* wound-related com-
plications,'® length of hospital stay,®!*?* and even
worse long-term postoperative morbidity and mortal-
ity rates.>!* On the basis of our study, surgeons should
seriously consider the potential for conversion before
performing operations on patients with a BMI > 27
kg/m? and those with T4 lesions. While the learning
curve varies among surgeons, better preparation and
training could shorten the surgeon’s learning curve,
thus being advantageous to the patients undergoing
laparoscopic colorectal cancer surgery.

Conclusion

ABMI of > 27 kg/m?, T4 lesions, and being among
the surgeon’s first 20 operations were all factors associ-
ated with a higher possibility of conversion; patients
with these risk factors should be warned of the likeli-
hood of conversion. Future studies will focus on the
consequences of conversion, including perioperative
data and long-term outcomes, such as disease-free
survival, overall survival, and time to recurrence.
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