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Abstract

Background Long-term outcome of patients with con-

version following laparoscopic resection of colorectal

cancer has seldom been reported. This study aimed to

evaluate the impact of conversion on the operative outcome

and survival of patients who underwent laparoscopic

resection for colorectal malignancy.

Methods An analysis of a prospectively collected data-

base of 470 patients who underwent laparoscopic

colectomy between May 2000 and December 2006 was

performed. The operative results and long-term outcomes

of patients with conversion were compared with those with

successful laparoscopic operations.

Results The overall conversion rate to open surgery was

8.7% (41 patients). There was no difference in age,

comorbid illness, location of tumor, and stage of disease

between the laparoscopic and conversion groups. The most

common reasons for conversion include adhesions

(34.1%), tumor invasion into adjacent structures (17.1%),

bulky tumor (9.8%), and uncontrolled hemorrhage (9.8%).

A male preponderance was observed in the conversion

group. Tumor size was significantly larger in the conver-

sion group compared with the laparoscopic group (5 versus

4 cm, P = 0.002). Although there was no difference in the

operative time between the two groups, increased periop-

erative blood loss (461.9 vs. 191.2 ml, P \ 0.001),

increased postoperative complication rate (56.1% versus

16.7%, P = 0.001) and prolonged median hospital stay (10

versus 6 days, P \ 0.001) were associated with the con-

version group. Consequently, patients in the conversion

group were more likely to develop local recurrence (9.8%

versus 2.8%, P \ 0.001) with a significantly reduced

cumulative cancer-free survival.

Conclusion The disease-free survival and the local

recurrence were significantly worse by the presence of

conversion in laparoscopic resection for colorectal malig-

nancy. Adoption of a standardized operative strategy may

improve the perioperative outcome after conversion.
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The role of laparoscopic colectomy in the management of

colorectal cancer (CRC) has become well established in

recent years. The short-term benefits in operative outcome

in terms of faster recovery of bowel function, less post-

operative pain, and reduced hospital stay have been

demonstrated in multicenter randomized controlled trials

[1,2]. Although laparoscopic colectomy is the preferred

approach for treating CRC by many surgeons, conversion

to open procedure is sometimes necessary due to technical

difficulties such as the presence of a bulky tumor, adhe-

sions or adjacent organ invasion. Conversion is also

sometimes inevitable in cases of intraoperative complica-

tions. The need for conversion subjects patients to adverse

factors such as prolonged operating time, increased blood

loss, and the need for blood transfusion. However, only a

small number of studies have addressed the issue of con-

version in laparoscopic surgery with respect to its impact

on the long-term outcome in patients with CRC [1, 3]. The

objective of this study was to evaluate if conversion would

confer a negative impact on the long-term survival of
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patients who had laparoscopic resection of colorectal

cancer.

Patients and methods

This is a study on the prospectively collected data of 470

patients who underwent laparoscopic resections of colo-

rectal cancer between May 2000 and December 2006 in the

Department of Surgery, University of Hong Kong Medical

Centre. Patient demographics, operative details including

blood loss and duration of operation, reasons for conver-

sion, postoperative outcomes including morbidity and

mortality, and length of hospital stay were reviewed. All

resections were performed by colorectal surgeons with an

interest in laparoscopic surgery. Most patients underwent

preoperative bowel preparation including fluid diet and

polyethylene glycol electrolyte solution 1 day before

operation unless there were contraindications against

bowel preparation. Intravenous antibiotic prophylaxis was

given on induction of anesthesia for operation. Intracor-

poreal dissection was performed, mainly with ultrasonic

dissector. Mobilization of the large bowel and division of

major vessels were performed intracorporeally. From the

latter half of 2004, a standardized medial to lateral

approach was utilized in colon and rectal mobilization. For

mid and low rectal cancer, total mesorectal excision was

performed. Following bowel mobilization and vessel

division, the tumor-bearing segment was retrieved through

an incision with wound protection, except for abdomino-

perineal resection in which cases the specimens were

retrieved through the perineal wound. Bowel anastomosis

was performed extracorporeally for right hemicolectomies

and intracorporeally using circular staplers with a double-

stapled technique for most left-sided and rectal lesions.

Conversion was defined as: (1) the need to perform con-

ventional laparotomy in order to accomplish the procedure

or (2) premature abdominal incision for colorectal dissec-

tion or vascular control. Diversion stoma was carried out

when anastomosis was preformed within 5 cm from anal

verge or if the anastomosis was considered hazardous.

Morbidities were defined as complications that required

additional treatment or prolonged hospital stay. Operative

mortality was defined as death within 30 days after oper-

ation. All morbidities and mortalities were recorded

prospectively. Local recurrence was defined in colon can-

cer as tumor recurrence at the tumor bed in the vicinity of

the previous anastomotic site. In cases of rectal cancer,

local recurrence was considered to be present when the

relapse of the disease was present in the pelvis. All resected

specimens were examined by surgeons after operation and

then sent for histological examination. Tumor size, proxi-

mal, and distal resection margin was measured by surgeons

from the fresh specimen. The International Union against

Cancer/American Joint Committee on Cancer (UICC/

AJCC) colorectal cancer staging system was adopted for

tumor staging, and advanced tumor was defined as T3 or

T4 stage tumor. Statistical analysis was performed using

Statistical Package for Social Sciences (SPSS, Version

15.0, Chicago, IL, USA). Student’s t-test was used for

analysis of continuous variables and the chi-square test was

used for analysis of categorical variables. Survival was

analyzed with the Kaplan–Meier method and comparison

was made with the log-rank test. Only patients with stage

I–III disease were included in survival analysis. In the

analysis of disease-free survival, the patients with postop-

erative mortality were excluded. A P-value of less than

0.05 was considered statistically significant.

Results

Four hundred and seventy patients (268 males) were

included in the study with a median follow-up of 30.8

months. The median age was 69 years. Conversions to

open surgery occurred in 41 patients (8.7%). Patient

demographics, tumor characteristics including location and

stage, history of previous abdominal surgery and adjuvant

treatment for CRC are presented in Table 1. There was no

difference in age, comorbid illness, stage of disease, inci-

dence of previous abdominal surgery, and use of

neoadjuvant chemoradiation between patients with suc-

cessfully performed laparoscopic resection and those with

conversion, except that there was a male preponderance in

the conversion group. The common reasons for conversion

are presented in Table 2; they included adhesions (34.1%),

local invasion into adjacent structures (17.1%), intraoper-

ative hemorrhage (9.8%), and bulky tumor (9.8%). The

conversion rates between laparoscopic resection for rectal

cancer and colon cancer were similar (7.2% versus 12.3%,

P = 0.16). There was a noticeable decline in the conver-

sion rate over the years as the experience of the operating

surgeons improved. The conversion rate from 2000 to 2003

was 10.4% while the conversion rate from 2004 to Feb-

ruary 2007 was 5.8%. As shown in Table 3, patients in the

conversion group had a significantly larger tumor size than

those in the laparoscopic group (4.0 versus 5.0 cm,

P \ 0.001). However, there was no significant difference

in the stages of the tumors, although there was a trend for

more patients with advanced T-stage tumors in the con-

version group. Nonetheless, tumor clearance was not

jeopardized with the need for conversion, as demonstrated

by a similar number of lymph nodes harvested and length

of resection margins between the two groups of patients.

Conversion was associated with a significant increase in

operative blood loss (191.2 versus 461.9 ml, P \ 0.001),
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postoperative complication rate (56.1% versus 16.8%,

P \ 0.001) and prolonged hospital stay (10 versus 6 days,

P \ 0.001). The postoperative complications in the two

groups of patients are compared in Table 4. One patient in

the laparoscopic group died 22 days after the operation

because of postoperative bleeding duodenal ulcer, which

required reoperation for hemostasis. One patient in the

conversion group who had pre-existing cirrhosis died of

liver failure and pneumonia 30 days after the operation.

Despite the association with increased blood loss and

Table 1 Patient demographics

in the laparoscopic and

conversion groups, and their

comparison

Laparoscopic N = 429 Conversion N = 41 P-value

Age, years (mean) 69.0 69.1 0.97

Comorbid illness 248 (57.8%) 21 (51.2%) 0.42

Male:female 238:191 (1.2:1) 30:11 (2.7:1) 0.03

T stage 0.10

T0 4 (0.9%) 0

T1 28 (6.5%) 1 (2.4%)

T2 64 (14.9%) 2 (4.9%)

T3 292 (68.1%) 30 (73.2%)

T4 41 (9.6%) 8 (19.5%)

Overall stage 0.42

0 2 (0.5%) 0

1 81 (18.9%) 3 (7.3%)

2 149 (34.7%) 15 (36.6%)

3 124 (28.9%) 14 (34.1%)

4 73 (17.0%) 9 (22.0%)

Tumor location 0.47

Right side 115 (26.8%) 10 (24.4%)

Left side 143 (33.3%) 10 (24.4%)

Rectum/rectosigmoid 171 (39.9%) 21 (51.2%)

Neoadjuvant chemoradiation 12 (2.8%) 1 (2.4%) 0.89

Previous surgery 86 (20%) 12 (29.2%) 0.168

Table 2 Reasons for conversions

No. of patients (n = 41)

Adhesions 14 (34.1%)

Invasion into adjacent organs 7 (17.1%)

Bulky tumor 4 (9.8%)

Uncontrolled hemorrhage 4 (9.8%)

Narrow pelvis 4 (9.8%)

Bowel perforation 2 (4.9%)

Failed anastomosis 2 (4.9%)

Others 4 (9.8%)

Table 3 Oncologic clearance and operative outcome between the

laparoscopic and conversion groups

Laparoscopic Conversion P-value

Gross tumor size (cm) 4.0 5.0 0.002

Proximal margin (cm) 10.2 10.8 0.71

Distal margin (cm) 6.8 6.3 0.65

LN harvest* 15 12 0.31

Blood loss (ml) 191.2 461.9 \0.001

Operative time (min) 179.4 187.2 0.35

Hospital stay (days) 6 10 \0.001

Overall complications 72 (16.7%) 23 (56.1%) \0.001

Hospital mortality 1 (0.2%) 1 (2.4%) 0.76

* Number of lymph nodes harvested

Table 4 Postoperative complications between the laparoscopic and

conversion groups

Laparoscopic

(n = 429)

Conversion

(n = 41)

Cardiac 9 (0.7%) 1 (2.4%)

Respiratory 8 (1.9%) 2 (4.9%)

Wound infection 8 (1.9%) 6 (2.4%)

Urological 15 (3.5%) 4 (9.8%)

Sepsis 3 (0.6%) 2 (4.9%)

Intestinal obstruction 12 (2.8%) 4 (9.8%)

Anastomotic leakage 10 (2.3%) 1 (2.4%)

Hemorrhage 1 (0.2%) 1 (2.4%)

Death 1 (0.2%) 1 (2.4%)

Others 6 (1.4%) 2 (4.8%)

Remarks: P \ 0.001 for overall complications
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postoperative complication, conversion did not result in

increased operative mortality. However, patients in the

conversion group had a significantly higher chance to

develop local recurrence than those in the laparoscopic

group (9.8% versus 2.8%; Table 5). The pattern of recur-

rence is shown in Table 5. Of the 12 patients who

developed local recurrence in the laparoscopic group, all

patients except two had cancer in the rectum or rectosig-

moid junction, whereas all local recurrences in the

conversion group were found in patients who had rectal

cancer. The two patients who had colonic cancer in the

laparoscopic group developed recurrence in the tumor bed

in the vicinity of the anastomosis. The mean time to local

recurrence for the laparoscopic and conversion groups was

28.0 and 28.9 months, respectively (P = 0.78). Excluding

patients with stage IV disease, it was shown that patients in

the conversion group had worse cumulative disease-free

survival than those in the laparoscopic group (Fig. 1).

There was also a trend towards reduced overall survival for

patients in the conversion group but the difference did not

reach statistical significance (Fig. 2).

Discussion

Laparoscopic colectomy is a technically challenging pro-

cedure that usually involves mobilization of bowel in

different quadrants of the peritoneal cavity, dissection and

ligation of sizable vessels which could result in severe

hemorrhage if inadvertently damaged, and construction of

an anastomosis. The learning curve is steep and experience

of an average of 40–60 cases is needed to achieve mastery

of the skills [4, 5]. Despite the improved surgical technique

and advancement in laparoscopic instrumentation, con-

version still occurred in 10–29% of the patients who

underwent laparoscopic colectomy [3, 6–9]. However,

conversion should not be viewed as a complication but as a

solution to overcome the limitation of laparoscopic sur-

gery. A number of studies had addressed the impact of

conversion on the short-term outcome of laparoscopic

colectomy [8, 10, 11]. Increased postoperative morbidity

and prolonged hospital stay were the main adverse out-

comes identified in these studies [11, 12]. The present

study also showed a higher incidence of postoperative

Table 5 Survival data between

the laparoscopic and conversion

groups

Laparoscopic (n = 429) Conversion (n = 41) P-value

Number of patients with local recurrence 12 (2.8%) 4 (9.8%) \0.001

Location of recurrence

Anastomosis 6 4

Intra-abdominal 2 Nil

Pelvic cavity 2 Nil

Perineum 2 Nil

Overall 1-year survival 97.2% 93.3% 0.28

Overall 3-year survival 85.6% 80.0% 0.52
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Fig. 1 Cumulative disease-free survival between the laparoscopic

and conversion groups
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complications and prolonged hospital stay in the conver-

sion group. In the study by Marusch et al. [12], both overall

and surgically-related complication rate were higher in the

conversion group compared with the group with successful

laparoscopic procedures. A meta-analysis of 28 nonran-

domized studies showed that prolonged operative time and

length of hospital stay were associated with conversion [6].

Over half of our patients with conversion developed

complications. The significant proportion of complications

in the conversion group could be attributed to the pro-

longed operation or significant operative blood loss, which

may increase the body stress response and dampen the host

immune response, leading to increase susceptibility to

develop postoperative complications. A study by Kiran

et al. also showed that open colectomy was associated with

increased blood loss and blood transfusion requirement

when compared with laparoscopic colectomy [13]. Despite

the increased operative blood loss encountered in the

conversion group, there was no significant difference in the

operative time between the two groups of patients. This

was a reflection of early and prompt decision for conver-

sion as a common practice among our colorectal surgeons

and was consistent with the suggestion by Agachan et al.

that, when the decision for conversion was taken early on,

the duration of the procedure was not significantly pro-

longed [14]. However, the clinical significance of early

versus late conversion needs to be elucidated in future

trials.

One common pitfall in most studies that have evaluated

the consequence of conversion was that they usually con-

tained a heterogeneous group of conditions and the impact

of conversion on long-term survival of cancer patients was

often not evaluated. The present study represented one of

the few studies that evaluated the prognostic influence of

conversion on laparoscopic resection of colorectal cancers.

Patients in the conversion group had higher incidence of

local recurrence and correspondingly worsened disease-

free survival. This partly may be contributed by the higher

percentage of advanced (T3 and T4) tumors in the con-

version group, though this did not reach statistical

significance. In a recent retrospective study of 377 lapa-

roscopic colorectal resections, Moloo et al. found that

patients with stage IV disease had a higher chance of

conversion than those with stage I–III disease [3]. This

result indicated the local extent of the disease which

attributed to difficulty in mobilizing the tumor-bearing

segment. Another study by Tekkis et al. found that the

conversion rate in T3–4 tumors was remarkably higher

than those with T1–2 tumors [9]. The present study also

showed similar findings in which the median gross tumor

size was significantly larger in the conversion group than

those in the laparoscopic group. Patients with T3–4 tumor

had almost four times the risk to undergo conversion than

those with T0–2 tumors (11.4% versus 3.1%). In contrast to

Moloo et al.’s study in which exposure was the most

common reason for conversion [3], difficulty in dealing

with adhesions and advanced bulky tumors was the main

culprit in our study. We demonstrated a lower local

recurrence and a better disease-free survival in patients

with laparoscopically completed operation. In contrast to

Moloo et al.’s study, our study did not show any difference

in overall survival between the two groups of patients. This

is probably due to the short follow-up, and any genuine

survival difference may yet to show up with longer dura-

tion of follow-up.

Our conversion rate of 8.7% compared favorably with

that in other series. To further reduce the conversion rate,

patient selection would become an important issue. The

use of a conversion model could prove to be an effective

method to predict the risk of conversion. The Cleveland

Clinic Foundation (CCF) laparoscopic conversion rate

model, which incorporates both preoperative and intra-

operative clinical parameters, was shown to have a high

discriminatory power of patients with high risk of con-

version [9]. Another conversion model developed by

Schlachta et al. was also shown to be capable of strati-

fying patients into various risk groups [7]. However, a

common pitfall of these conversion models is their wide

applicability to both benign and malignant conditions.

The design of a specific conversion model for colorectal

cancers may prove to be a useful tool for patient selec-

tion. Another clinical measure that could improve the

outcome of conversion is the adoption of a standardized

operative strategy. A structured operative approach per-

mits early recognition of risk for conversion, and could

potentially eliminate inefficient surgical maneuvers, which

could avoid unnecessary bowel handling and reduce the

chance of cancer cell spillage. Recent studies showed that

an acceptable conversion rate and postoperative outcome

could be achieved when a standardized approach was

adopted [15, 16].

Our study has several limitations. First, it was a non-

randomized study subject to selection bias. The decision

for laparoscopic colectomy was made at the discretion of

the surgeon based on experience. Second, our relatively

small number of converted cases may not be sufficient to

demonstrate all the significant differences in clinical

outcomes between the two groups of patients. Further-

more, our study only compared the long-term outcome in

patients with laparoscopic surgery and conversion but did

not compare those who received open surgery for colo-

rectal cancer. It is uncertain if the survival outcome in

patients with conversion would be worse than those who

had open colectomies. A further prospective trial com-

paring all three groups of treatments is needed to

elucidate this issue.
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Conclusion

Increased postoperative morbidity and prolonged hospital

stay were the main adverse short-term outcomes associated

with open conversion in laparoscopic resection of colo-

rectal cancers. Although there was no difference in overall

survival between patients who had conversion and those

who had successful laparoscopic resection, patients in the

former group had higher chance to develop local recur-

rence and had worsened disease-free survival. A cohort

trial with longer duration of follow-up is needed to ascer-

tain the prognostic influence of conversion.
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