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Abstract

Background: The technical feasibility of mini-
mally invasive colectomy was reported in 1991
and now is a treatment option for both benign and
malignant colorectal disease. Widespread appli-
cation of the technique in benign disease long pre-
ceded malignant colorectal disease. Reluctance
came from early reports of port site implantation
and fear of inadequate resection. Now, many re-
ports show non-inferiority of minimally invasive
colectomy to open colectomy from an oncologic
standpoint. We performed a retrospective analy-
sis of all minimally invasive colorectal procedures
done by the principle author and the respective
fellow within the laparoscopic fellowship from
1991 to 2007.

Methods: A retrospective analysis of minimally
invasive colectomies was performed. Indications,
complications, and outcome were reviewed. Ret-
rospective data on 35 open colectomies performed -
were collected for comparison.

Results: There were 286 laparoscopic cases. Col-
orectal carcinoma was the operative indication in
43 %, inflammatory bowel disease in 31%, diver-
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ticular disease in 20%, and other was in 6% of
the cases. There were 128 left/sigmoid, 124 right,
16 subtotal, 5 abdomino-perineal, 7 low anterior
and 6 transverse colon resections. The conver-
sion rate was 3.5%. The major complication rate
was 5.6%, including 5 wound infections, 1 intra-
abdominal abscess, and 1 anastomotic leak. There
were no mortalities. Nodal clearance and longi-
tudinal margins in the laparoscopic specimens
were equivalent to the open comparison group.
No tumor port site recurrence occurred in the
follow-up period.

Conclusions: Minimally invasive colectomies
performed in a laparoscopic fellowship program
produce excellent results with low morbidity and
mortality that are comparable to open colecto-
mies.

Keywords
Minimally invasive surgery, colectomy, colon resection, co-
lon cancer, inflammatory bowel disease, diverticulitis.

Introduction

Minimally invasive resection of benign colorectal
disease has been an acceptable treatment since
the early 1990’s.! Since then, a large amount of
controlled and uncontrolled data have accumu-
lated which demonstrated that the short- and
mid-term results of minimally invasive colectomy
is quite satisfactory and compares well to open
colectomy.”* Recently, well-performed random-
ized prospective controlled trials have demon-
strated that the oncologic outcome of patients
with colon cancer treated with minimally invasive
colectomy was equivalent to the outcome of pa-
tients treated with open surgery.”® We have re-
viewed the laparoscopic colectomies performed
in our minimally invasive fellowship over a 16
year period, and found the results to be excellent.
The rate of conversion is low, as is the overall
morbidity and mortality.
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aterials and | Is
A retrospective chart review was undertaken on
all minimally invasive colectomies that were per-
formed by the principle author (CTF). The in-
-stitutions where the procedures were performed
were all university-based academic programs. A
resident or fellow was present at all operations ei-
ther as the surgeon or as the first assistant. The
principle author provided direct supervision for
each case.

Retrospective data on 35 open colectomies for
malignancy performed between 1991 and 1994
were compared with 30 laparoscopic colectomies
for malignancy during this same time period. Nu-
merical data were compared between the open
versus laparoscopic groups using the unpaired t-
test, with a level of significance set at p < 0.05.
Patients undergoing an elective procedure re-
ceived preoperative polyethylene glycol bowel

prep with oral antibiotics. One dose of intrave-

nous antibiotic prophylaxis was given 30 min
prior to skin incision. Patients received 24 hours
of additional intravenous antibiotics in the post-
operative period.

Pneumoperitoneum was established using one
of two modalities: open technique (Hasson can-
nula) or a bladeless optical trocar. The techniques
for minimally invasive colectomy have been de-
scribed in detail elsewhere.”!! Pertinent aspects
of our technique include utilization of four 12
mm trocars (for maximal flexibility in instrument
utilization, including staplers) and a 10 mm 30°
laparoscope. Hand-assisted laparoscopic surgery
(HALS) technique was not utilized. Mesenteric
vessels typically were ligated with clips (early ex-
perience), with vascular loads of a linear stapler,
and/or with the use of a harmonic scalpel (later
experience). The wound was protected with a
wound protector in all cases.

For nonpelvic anastomoses, three different
methods of specimen removal and anastomosis
were performed. The first method involved exte-
riorizing the colon through a trocar site. Usually,
the infraumbilical incision was utilized; although,
at times a right upper quadrant incision was made
for right sided procedures 2. For the infraumbili-
cal extraction site, a curvilinear infraumbilical

skin incision was made with an underlying mid-
line craniocaudal fascial incision; extended as
necessary. The specimen was then exteriorized,
and the resection and anastamosis was performed
extracorporeally. In the second method, the spec-
imen was intracorporeally resected with linear
staplers. The specimen was removed through the
infraumbilical incision via laparoscopic retrieval.
The anastomosis was created extracorporeally by
a linear stapler fired for a side-to-side anastomo-
sis (functional end-to-end).”” The common en-
terotomy was closed with another firing or with
sutures.

In the third method, the specimen was removed
as in the second method. However, the anasto-
mosis was created intracorporeally with a lin-
ear stapler, utilizing a triple-stapling technique
(Frantzides-Madan technique) as previously de-
scribed for bariatric surgery.'*'® The mesenteric
defect was closed in all techniques.

For procedures requiring a pelvic anastomosis,
the distal margin was resected. Then, the speci-
men was exteriorized through the infraumbilical
incision again (protected with wound protector)
while still attached to the proximal colon. The
proximal staple line was applied, the specimen
was removed, and the anvil head of a circular
end-to-end anastomotic stapler was placed into
the proximal colon after positioning a pursestring
around the proximal colon. The bowel end with
the anvil was placed back into the abdomen. The
circular stapler then was inserted transrectally
and connected to the anvil to create the anasto-
mosis.

Results

Charts were examined from the period 1991 to
2007. During this period, 286 consecutive mini-
mally invasive colectomies were performed and
reviewed. Procedures were performed with the
senior surgeon teaching a fellow or senior level
resident. The most common indication for op-
eration was colon cancer (Table 1). The major-
ity of the resections performed involved right and
left colectomies (Figure 1). The vast majority of
the cases included elective colectomies (98.9 %).
Only 1% was performed under emergency condi-
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tions: acute diverticulitis with contained perfora-
tion (2 cases) and strangulated volvulus (1 case).
Proximal diversion was not performed in the eleé-
tive or emergent cases.

Table 1. Operative indications.

Indications

Colon cancer

Number (%)

125 (44%)
Inflammatory bowel disease 89 (31%)
Diverticulitis 58 (20%)
Other (polyps, volvulus, prolapse) 14 (5%)
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Figure 1. This figure displays the type of minimally
invasive colorectal performed.

The conversion rate for this cohort of patients
was 3.5 %. Prior abdominal operations with ad-
hesions, was the most common reason for conver-
sion to an open colectomy (Table 2). There were
16 major complications (Table 3). Two intraoper-
ative hemorrhages occurred (both from a mesen-
teric source); one was controlled laparoscopically
with clips and the other required conversion to an
open procedure. One postoperative hemorrhage
occurred that required blood transfusions but it
did not require re-operation. Two enterotomies
were noted; the first was repaired laparoscopi-
cally. The second was located in the distal rec-
tum and required conversion to an open for re-
pair. One patient required conversion because of
a dysfunctional circular stapler. After firing this
stapler to create a low pelvic anastomosis, bilat-
eral gaps were noted in the staple line. After open
conversion and inspection, a complete absence of
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staples was noted in the lateral arcs of the staple
line. The anastomosis was re-created with a sec-
ond circular stapler.

Table 2. Reason for conversion

Adhesions / Obesity 7
Bleeding 1
Enterotomy 1
Misfiring of stapler 1
TOTAL 10

Table 3. Major complications

Intraoperative hemorrhage

[Required conversion (1)] 2(0.7%)
Postoperative hemorrhage 1(0.35%)
Intraoperative enterotomies
[Required conversion (1)] 2(0.7%)
Dysfunctional staple
[Required conversion (1)] 1 (0.35%)
Anastomotic leak (reoperation) 1(0.35%)
Postoperative peritonitis 1(0.35%)
Wound infection 5(1.7%)
Prolonged ileus 2 (0.7%)
Port site hernia 1(0.35%)
Total ' 16 (5.6 %)

One patient (0.3%) undergoing an elective sig-
moidectomy for diverticulitis had an anastomotic
leak. This patient had a postoperative fever that
was investigated with a contrast study which
demonstrated an anastomotic extravasation. The
patient underwent open reoperation. A small
disruption on the antimesenteric side of the anas-
tomosis was found: The edges of this hole were
debrided and then suture repaired; a diverting
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colostomy was not performed. The patient recov-

ered without sequelae. Another patient who was
on steroids and underwent a total colectomy with
ileostomy for ulcerative colitis developed postop-
erative peritonitis. The patient then underwent
an exploratory laparotomy; diffuse peritoneal in-
flammation was present without an identifiable
source. The patient made a full recovery.

Five patients (1.7%) had a surgical site infection
at the periumbilical wound (where the specimen
was removed). These infections required skin
drainage and antibiotics. Two patients (0.7%)
had a prolonged ileus which added more than
four days to their expected hospital stay. One pa-
tient (0.3%) had a port site hernia (periumbilical)
requiring subsequent repair. There was no 30-day
mortality.

Of the 286 colectomies in our series 125 were
oncological procedures. The follow-up for this

series ranged from 3 months to 6.5 years. Stage I

and II colorectal tumors constituted the majority
of these cases (Table 4). No port site recurrences
were noted during the follow-up period. The du-
ration of follow-up for patients with cancer was
not long enough to report 5 year survival rates
and disease status.

For the period 1991-1994, data on open colecto-
my for cancer were collected on patients operated
by other surgeons at the institution. Table 5 dem-
onstrates the differences between open and lap-
aroscopic colorectal procedures compared during
the same time period. There was a statistical dif-
ference in distal margin but no clinical difference
from an oncological perspective. While operative
time was longer, recovery of bowel function and
length of stay was shorter.

Table 4. Cancer stages in 125 cases

Cancer Stage

Number of patients

T1NOMO 101 (81%)
T2NOMO 2 (1.6%)
T2NIMO 18 (14.4%)
Mi 4 (3.2%)

Table 5. Comparison of pathologic and patient outcome
for open versus minimally invasive colectomy performed
for cancer.

Open (n =35) | Minimally
invasive
(n = 30)
Mesenteric nodes 9 (4-13) 11 (2-19)
Proximal margin (cm) 19+ 3.0 16 £ 2.0
Distal margin (cm) 10x25cm | 7x0.5cm*
Operating time (min) 143 = 30 170 = 21* ;
|
| Recovery of bowel
| function (days) - 5413 3.6 = 2.0%
‘- Length of stay (days) 7.5x20 43 £ 1.1*%
L

Values given as mean = sd, or mean with range in paren-
theses. *p < 0.05 compared to open, unpaired t-test

Discussion

There is little argument that minimally invasive
colorectal resection is an acceptable treatment
modality for benign or premalignant colorectal
disease. Laparoscopic colectomy for cancer was
more controversial, due the initial lack of data.
Recent controlled studies support the notion that
the laparoscopic approach is at minimum equiva-
lent, if not superior to the open approach in re-
gard to both short-term and long-term outcomes
in patients with colon cancer *%.

Our data demonstrates that patient outcome af-
ter minimally invasive colectomy for benign and
malignant indications can achieve excellent re-
sults. We focused on our perioperative outcome,
and found low rates of conversion, complication,
and mortality. Our data on cancer status and sur-
vival are not complete; thus no conclusions can be
drawn from our data. However, our results and
those of other studies demonstrate that laparo-
scopic colon surgery for cancer does not violate
oncological principles, and the results compare
well.>®

Two notable aspects of our patient population
are (1) virtually all cases were elective, and (2)
the vast majority of cancer patients had early
stage disease. These facts may have predisposed
the series to better results (e.g., less infection,
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bleeding, and anastomotic disruption) which
should be considered when examining the data.
With respect to the controversy surroundihg
nomenclature in minimally invasive colectomy
(such as totally laparoscopic, laparoscopically-
assisted, partial conversion, etc), we prefer the
term “minimally invasive”. However, it is im-
portant to make some distinction between mini-
mally invasive and hand assisted laparoscopic
surgery (HALS). Like others,2 our preference
is not to use the assistance of a hand. The gain
seen by placing a hand in the abdomen is negated
by the fact the hand can block the visualization
field. While our opinion is controversial, HALS
i1s a crutch for those inexperienced in laparo-
scopic surgery and sometimes pushed by device
manufacturers. Most importantly, no study has
examined HALS in cancer procedures in terms of
long-term oncological outcomes. Until HALS is
put to the same vigorous testing as “laparoscopic
colon surgery” for cancer, we have chosen not to
utilize this technique. In fact, until appropriate

long-term randomized studies are performed on

the oncological outcomes, HALS for colon can-
cer should only be done after proper patient in-
formed consent addressing HALS versus laparo-
scopic assisted versus open colon surgery. The
proponents of HALS suggest that an incision has
to be made to remove the specimen. Unfortu-
nately, most surgeons’ hands are larger than most
colons that need to be removed.

The overall morbidity and mortality are similar to
that reported in other large series by other groups
of experts.”’?! Senagore and Delaney recently re-
ported a complication rate of 9.9% in 1,000 con-
secutive cases.” Ileus and wound infection were
the most common (2.8% and 2.6% respectively).
Another series of 750 patients demonstrated a
2.2% mortality rate.” Bennett et al. reported a
15% postoperative complication rate.” As early
as 1995, Ballantyne summarized on 16 reported
series as well as his own experience for a total of
752 patients.”® He found a 16.7% rate of major
complications and a 0.8% rate of mortality after
minimally invasive colorectal surgery. Others
have reported similar low rates of low operative
mortality (0 — 0.6%) after laparoscopic sigmoid

resection.”»*

In our patient cohort we had 0 mortalities, and
our complication rate was 5.6 %. Our conver-
sion rate of 3.5 % was relatively low compared
to other reports of 6.3 — 25% 2222 Of course,
the learning curve, patient demographics, patient
pathology, body habitus, previous surgery, and
surgeon comfort all play a role in the conversion
rate. We acknowledge that the majority of our
surgeries were elective cases, and the majority of
the tumors were stage [ and 11, aspects that lend
to a lower conversion and complication rate.

Based on our data and previous publications it
appears that the laparoscopic approach applies
the same operative principles as open surgery
with the same oncological results;>® therefore one
should expect the same recurrence rates, but with
less morbidity and mortality. Laparoscopic colec-
tomy is associated with rapid recovery, less pain,
less use of opioid-like analgesia, shorter postop-
erative hospital stay, less blood loss and faster
resolution of postoperative ileus. In addition, lap-
aroscopic surgery results in minimal postopera-
tive adhesions, **** which is of great importance in
cases where reoperation maybe necessary such as
inflammatory bowel diseases. The operative time
tends to be longer in the laparoscopic group, but
can be drastically reduced with experience and
acquisition of advanced laparoscopic skills.

Minimally invasive colorectal surgery performed
in the setting of a laparoscopic fellowship program
produces results that compare well to both open
colectomies and other laparoscopic data. While
most of these procedures were done by residents
or fellows, there was direct supervision of an ex-
pert laparoscopic surgeon. It is imperative, how-
ever, to note that there is a learning curve of 20
to 50 cases.” 3 The program director’s exten-
sive experience and knowledge in other advanced
laparoscopic procedures such as nephrectomies,
gastric bypass, and fundoplications translates
into fewer complications and conversions. This
is due to the ability to adapt, modify and change
the technique on a case by case basis, as well as
to deal laparoscopically with situations that have
been shown to lead to conversion, such as body
habitus, prior abdominal surgeries and presence
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of inflammation. The surgeon, however, should
not hesitate to convert if the procedure is either
too difficult to perform laparoscopically or is not
progressing appropriately.
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