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Abstract
Background: We report 104 consecutive cases of hand-
assisted laparoscopic (HAL) colectomy over 5 years
performed by a single surgeon.
Methods: Data were gathered prospectively and include
patient demographic data, diagnosis, operating time,
conversion rate, length of hospital stay, and complica-
tions. Virtually all patients presenting for elective
resection with benign disease and metastatic cancer were
treated using HAL techniques.
Results: The mean age was 61 years; 48% of patients had
diverticulitis; 21%, colorectal cancer; 18%, benign pol-
yps. In addition, 55% of patients underwent sigmoid or
left colectomy; 27%; right hemicolectomy; 9%, low
anterior resection, and two double resections were per-
formed. Mean operating room time was 135 minutes; in
12% of the patients conversion to open surgery became
necessary, in most cases requiring only a small extension
of the HAL incision. Mean and median discharge was
postoperative day 4 and postoperative day 3, respec-
tively. There was 1 death (1%) and 21% of patients had
complications, 12% of them major.
Conclusions: Hand-assisted laparotomy colectomy is a
safe and effective procedure. The data in terms of length
of hospital stay and operative time compare favorably
with published data for conventional laparoscopic (CL)
colectomy. Although further study is necessary, it ap-
pears that HALS confers all of the advantages of CL for
colectomy, with no obvious drawbacks.

Key words: Laparoscopy — Hand-assisted laparo-
scopic surgery — Abdominal surgery — Colectomy —
Minimally invasive surgery — Handoscopy — Learn-
ing curve

Laparoscopy has greatly improved surgical outcomes in
many areas of abdominal surgery. Laparoscopic chole-
cystectomy and antireflux surgery have become the gold
standard for acute and elective indications, virtually
replacing their open counterparts. Other procedures,
specifically laparoscopic colectomy, have not enjoyed
similar universal acceptance. The reasons for this are
many: a steep learning curve, uncertainty about the
procedure�s effectiveness for malignancy, long operating
time, and lack of tactile feedback, among others. Mul-
tiple series, however, have shown that laparoscopic ap-
proaches to colorectal disease result in more rapid
patient recovery [7, 10, 11, 13]. There remain uncer-
tainties about the adequacy of laparoscopic colectomy
for curable malignancy, the most common elective
indication for colectomy [16], although recent work
suggests that survival is not compromised [5, 8].

The first laparoscopic colectomy, performed by
Jacobs in 1990, was termed ‘‘laparoscopically assisted’’
because a mini-laparotomy was required at the end of
the procedure to deliver the specimen and perform
mesenteric ligation, bowel division, and anastomosis [6].
In fact, most surgeons performing laparoscopic colec-
tomy need to make an incision measuring at least 2.5 cm
for specimen extraction, and most surgeons also use this
incision to facilitate mesenteric and bowel division, and
the anastomosis.

In 1993 hand-assisted laparoscopic colectomy was
described as a hybrid procedure [12]. It was proposed
with the thought that a slightly larger incision to
accommodate the surgeon�s hand, made at the start of
the procedure, would eliminate many of the drawbacks
noted above. The evolution of hand-assist devices has
eliminated some of the more cumbersome aspects of the
procedure, but technical problems remain. Despite the
larger incision, it appears that HAL surgery is more likeCorrespondence to: D. G. Begos
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conventional laparoscopy (CL) than like open surgery.
A randomized single center study [14], and the interim
report of a randomized multicenter clinical trial [9]
concluded that HAL colectomy retains the clinical
benefits of traditional laparoscopic surgery including
diminished postoperative pain, faster return of bowel
function, and shorter hospital stay and return to normal
activity. Several advantages of the hand-assisted ap-
proach were emphasized: the inserted hand can provide
tactile feedback, better organ retraction, blunt dissec-
tion, and better control of bleeding as needed.

The senior author (DGB) began to perform HAL
colectomies in 1999 and saw no difference in clinical
outcome compared to his experience with CL colectomy
(unpublished data). Additional benefits were recognized:
shorter operative times and the ability to deal with more
complex pathology. Thus, since 2000, all laparoscopic
colon cases except stoma construction have been per-
formed usingHAL techniques. All HAL bowel resections
performedby the senior author are included in this report.

Materials and methods

From 1999 to 2004, 104 HAL colectomies were performed at two
community hospitals in the Boston suburban area by a single surgeon.
All data were prospectively entered into a registry. All patients pre-
senting for elective resection with benign large bowel disease (excluding
ulcerative colitis), endoscopically nonresectable polyps as well as se-
lected patients with large bowel cancer for palliation were offered HAL
colectomy. Because of the known risk of complications, patients with
morbid obesity (BMI >40) and those requiring emergent procedures
were not offered HAL colectomy.

Details of procedures

All patients underwent mechanical bowel preparation prior to surgery.
A dose of broad spectrum antibiotics was given on call to the operating
room. No epidural blocks were used.

The procedures were performed using a variety of hand-assist
devices (Pneumosleeve [Dexterity Surgical, Roswell, GA], HandPort
[Smith & Nephew Endoscopy, Andover, MA], GelPort [Applied
Medical, Rancho Santa Margarita, CA], and LapDisk [Ethicon Endo-
Surgery, Cincinnati, OH]). The hand-assist device was always placed in
the midline, after insufflation of the abdomen, through a 7-cm incision
(measured after insufflation). Two additional trocars were placed: for
left colectomies, a 10-mm trocar was placed in the upper midline for
the camera, and a 12-mm trocar was placed in the right lower quad-

rant; for right colectomies, a 10-mm trocar was placed in the upper
midline for the camera, and a 5-mm trocar was placed on the left side
(Fig. 1). Occasionally, an additional 5-mm trocar was placed on the
left side to assist in mobilizing the splenic flexure for left colectomy.

For left sided resections, the surgeon stands on the patient�s right,
using his left (non-dominant) hand for retraction and dissection. The
bowel is divided at the distal margin using an endoscopic linear stapler
(Ethicon Endo-Surgery, Cincinnati, OH), and the mesentery is divided
with the Harmonic Scalpel (Ethicon Endo-Surgery, Cincinnati, OH) or
linear stapler to the proximal point of resection. The bowel is then
exteriorized, divided, and the anvil for a circular stapler (Ethicon
Endo-Surgery, Cincinnati, OH) placed. The bowel is then replaced,
pneumperitoneum is established, and the anastomosis is constructed
transanally.

For right sided resections, the surgeon stands on the patient�s left,
using his left hand for retraction and dissection. The bowel is mobilized
and then exteriorized through theHAL incision, and the bowel is divided
and reanastomosed using conventional open techniques. Rarely, intra-
corporeal division of the bowel and/or mesentery becomes necessary.

Primary outcome variables were operating time, conversion rate,
length of hospital stay, and complications. These data were entered at
the time of occurrence.

Data were analyzed using the Microsoft Excel X software package
(Microsoft Corporation, Redmond WA). Statistical significance was
determined with analysis of variance (ANOVA) or Student�s t-test,
where appropriate. A p value of <0.05 was considered significant.
Standard deviation of the mean and ranges were presented in paren-
theses in the reports.

Results

Data analysis included all patients, including those who
were converted to open procedures.

Demographics

The mean age in this series was 61 ± 16 years. Gender
distribution was about equal, with 54 female patients.

Diagnosis and procedures

The diagnoses and procedures are listed in Table 1.
Most of the patients had recurrent or complicated
diverticulitis (48%); nine had fistulas (5 colovesical,
4 colovaginal). Mobilization of the splenic flexure re-
quired in 23% of the patients, about half of all sigmoid
or left coletomies.

Fig. 1. Handport and trocar positions for right
and left hand-assisted laparotomy (HAL)
colectomy.
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The next most common disease encountered was
cancer (22%). Most of cancer patients were known to
have metastatic disease (15 patients) and were treated for
palliation. Five patients had cancer detected in a polyp,
and 3 patients had significant medical comorbidities that
were thought to make open resection relatively contra-
indicated.

Patients with benign colonic polyps (18%) and other
indications (intussusception, diverticular bleeding, car-
cinoid, lipoma, stricture) accounted for the remainder of
patients. Approximately 42% of the patients in this
series had prior abdominal surgery.

Time

Operative time averaged 135 (range: 70–280) minutes.
Patients undergoing right colectomy had shorter mean
operative times at 108 (range: 76–170) minutes than
those undergoing left, sigmoid colectomy, or LAR at
150 (97–280) minutes. Patients converted to open pro-
cedures had an average operating time of 177 (65–366)
minutes.

The operative time for the first 30 cases was also
significantly longer than that for the latter 80 cases, at
170 minutes versus 125 minutes (Fig. 3).

Conversion

Any extension of the HAL incision was considered a
conversion. Thirteen cases (12%) were converted, most
requiring only a small extension of the HALS incision.
The conversion rate was 17% for the first 30 cases, and it
then reached a plateau between 11% and 13%, suggest-
ing a learning curve of 30 cases (Fig. 2).

Conversions were required in 5 patients with diver-
ticulitis (3 sigmoid resections, 2 LAR). One patient had
a colovesical fistula. One of these patients accounts for
the only death in this series. Three patients were con-
verted for an air leak at the anastomosis; 2 others had
adhesions. For 4 patients with cancer, the procedure was
converted because of bulky or fixed tumors (2 right
colon, 2 left colon). Two patients with polyps were
converted, 1 for a rectal tear during stapler insertion, 1
because of an inability to localize the lesion. One patient
with Crohn�s disease and one for Hartman�s reversal
were converted for adhesions.

Length of stay

Mean length of hospital stay was 4.0 (±2.6) days;
median length of stay was 3 days. Patients undergoing
right colectomy did not have significantly shorter
lengths of stay than those undergoing left or sigmoid
colectomy or LAR. Patients who were converted to
open procedures had a length of stay of 5.5 days. All
patients were passing flatus and tolerating a regular diet
at the time of discharge.

There were 4 readmissions (4%): 1 patient who was
discharged on postoperative day (POD) 3 after a right
colectomy was readmitted on POD 5 for SBO; 1 patient
who underwent a sigmoid colectomy and was discharged
on POD 4 was readmitted on POD 7 for a pelvic abscess;
1 patient who underwent a right colectomy and was
discharged on POD 2 was readmitted on POD 12 for a
perianastomotic phlegmon; 1 patient who underwent a
transverse colectomy and was discharged on POD 5 was
readmitted on POD 22 with a colocutaneous fistula.

Mortality

The single death in this series occurred in a 68-year-old
female who underwent an open (converted) LAR for
diverticulitis and a colovesical fistula. She had oxygen-
and steroid-dependent COPD and coronary artery dis-
ease. After an uneventful 8-day postoperative course,
after which she was walking, passing flatus, and eating,
the patient developed unexplained renal failure, which
spiraled into multi-system organ failure. Contrast en-
ema, CT scan, and subsequent laparotomy failed to find
an intra-abdominal source of sepsis. She died 22 days
postoperatively.

Complications

There were no intraoperative complications related to the
HAL device or the trocars. Twenty-one complications
occurred postoperatively. Major complications (12 pa-
tients) were defined as those that prolonged hospital stay,
required readmission or reoperation, or were potentially
life-threatening. One patient experienced an early bowel

Table 1. Diagnoses and procedures performed of 104 hand-assisted
laparotomy (HAL) colorectal cases. The 3 most common procedures
are indicated in bold

Diverticular
disease Cancer Polyps

Crohn�s
disease Other Total

Ileocolectomy 2 2
Right 20 9 29

Transverse 3 2 5
Left 1 5 6
LAR 2 3 4 9

Sigmoid 50 3 53

Total 50 22 19 2 11 104

Fig. 2. Rate of successful completion of HALS procedures by groups
of 10 operations. There was a sustained success of about 87% after the
first 30 cases. The learning curve starts at a high success rate of 65%.
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obstruction/delayed ileus, requiring readmission on POD
5, 2 days after discharge. This responded to conservative
treatment. One patient, a mildly obese patient (BMI 31)
with steroid-dependent COPD experienced a wound
dehiscence from the HAL incision requiring reoperation
and repair. This patient and the patient who ultimately
died represent the only reoperations. Therewas one pelvic
abscess that responded to CT-guided drainage and
intravenous antibiotics, one peri-anastomotic phlegmon
that also responded to antibiotics and bowel rest. No
anastomotic leak was identified on contrast enema in
these patients. There were two deep venous thomboses
and four incisional hernias seen on a mean follow-up of
2.3 years. There was one anastomotic bleed requiring
transfusion. One patient developed a colocutaneous fis-
tula that closed spontaneously. Minor complications in
11 patients were wound infections. None of the patients
with colorectal cancer had trocar or hand-port site
recurrence.

Discussion

This study, which represents the largest published
experience to date on HAL colectomy, confirms the
safety and effectiveness of HAL in colorectal surgery as
a standard approach with operative times, length of
stay, and complications comparable with what has been
reported in previous studies of HAL and CL colectomy.
We describe a consecutive series of 104 HAL colecto-
mies by a single surgeon. Since 1999, we have used the
HAL approach exclusively for virtually all elective colon
resections for benign disease, and for palliation of can-
cer. Our report demonstrates that HAL techniques can
be used as a first-line procedure in bowel resections with
good outcomes. Although this study was not designed
specifically to compare the HAL approach with open or
CL techniques, our data compares favorably with pub-
lished data on CL colon surgery, suggesting that HAL is
more analogous to CL than to open techniques (Ta-
ble 2).

The Spanish Randomized Trial comparing CL co-
lectomy with HAL colectomy concluded that HAL
simplified difficult intraoperative situations, thereby
reducing the need for conversion, and that it should be
considered a useful adjunct when difficult situations

arise during CL [14]. In that study, there was no sig-
nificant difference in length of hospital stay or operative
time between the 2 groups. Conversion rate was higher
in the CL group (22% versus 7%), although surprisingly,
this was not statistically significant, which raises ques-
tions about the power of the study. The HAL group had
significantly higher postoperative levels of the inflam-
matory mediators C-reactive protein and interleukin-6,
but this did not seem to affect clinical outcome. It is
unclear from the report how many surgeons performed
the various procedures and how many cases each per-
formed prior to the study. Our data suggest a learning
curve of 30 cases before the conversion rate and oper-
ative time plateau (Figures 2 and 3) The HALS Study
group trial concluded that HALS retains the benefits of
minimally invasive surgery and may allow the surgeon
to perform complex operations more easily [3].

Studies published to date evaluating HAL surgery,
and HAL colectomy in particular, have small numbers
of patients (Table 3). Additionally the HALS Study
group included a large number of surgeons with varying
levels of experience. Five of the 8 institutions partici-
pating in the study were in Europe or South America
with very different healthcare delivery systems, making
length of stay data heterogeneous [4]. These issues
combine to muddy the data, making comparison with
current study somewhat speculative.

Our patient population matches well with other re-
ported series in terms of diagnosis and procedures per-
formed (Tables 1 and 3) [2, 3, 9, 14]. Operative time in
our series is also similar to previous studies. One would
anticipate that, as in this series, operative time would
decrease with experience.

Our conversion rate is 12% (13 patients), which is in
the higher range of other published HAL studies. This
relatively high conversion rate may reflect the fact that
44% of our patients had previous abdominal surgery; 7
of the 13 conversions had prior laparotomies. In addi-
tion, we did not exclude patients with complex or diffi-
cult pathology, such as diverticular or Crohn�s fistulas,
bulky or fixed tumors, or carcinomatosis, which
predictably makes the procedure more difficult. The
improved tactile feedback with HALS affords greater
confidence in attempting these cases. The curve dis-
played in Figure 3 shows that the conversion rate pla-
teaus after about 50 cases to approximately 10%. Case

Table 2. Synopsis of selected published clinical data about conventional laparoscopic colorectal surgery (CL) in comparison with our case series

Darzi 2000 (CL) [3] Targarona 2002 (CL) [15] Our study (HALS)

Cases (n) 18 27 110
Age, years (range) 53.9 67 (48–84) 61 ± 16
Diagnoses (44%) diverticular (81%) cancer (48%) diverticular

(22%) polyp (19%) polyp (21%) cancer
(18%) polyps

Procedures (38%) sigmoid (59%) left (55%) sigmoid
(28%) right (41%) right (27%) right

(9%) LAR
Operative time, min (range) 141 (55–250) 135 (109–240) 135 (70–280)
Conversion rate, % 22 (to open) 22 (to HALS or open) 12 (to open)
Length of stay, days 6 (2–10) 6 (5–22) 4 ± 2.6
Major complications 1 case (4%) 2 cases (7%) 12 cases (12%)
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distribution was equal throughout the 110 cases. This
‘‘learning curve’’ is similar to what has been observed in
CL cases, with the difference that success rate seems to
be higher from the beginning. A previous study reported
a success rate of 20% for the first 10 procedures, 60% for
the second 10, and 80% after the first 30 (where the
plateau was reached) in CL colon surgery [1].

Our length of hospital stay data compare favorably
with other reports about HALS procedures (Table 3).
The difference in feeding policy between centers makes
comparison for length of stay data very difficult. All of
our patients were offered clear liquids the day of sur-
gery, and they were advanced to a regular diet when they
passed flatus. This is identical to management of our
patients undergoing open colectomy. All patients were
tolerating a regular diet at the time of discharge.

We perform our incision for the HAL device in the
midline because the mobilized colon is a midline struc-
ture, and we feel there is good access to the right as well
as to the left side from the midline. It also keeps the
lateral abdomen free of incisions should an ostomy ever
become an issue, and it allows for easy conversion to an
open procedure if necessary. In fact, most of the con-
versions only required a small extension of the HAL
incision.

We did not notice any trocar site or HAL incision
site recurrence in any of our patients operated on for

colon cancer. Although trocar site recurrence is a con-
cern [16], a recent prospective study comparing laparo-
scopic with open colectomy for cancer does not show
any difference in survival between the two groups [8],
and a randomized multi-center trial demonstrated
oncological noninferiority for the laparoscopic ap-
proach [5]. There are no studies specifically evaluating
HAL colectomy for cancer. Most HAL devices function
as a wound protector, which should theoretically protect
the HAL wound from tumor implantation.

Conclusions

This report summarizes a single surgeon�s prospective
collection of data of HAL bowel surgery. We agree with
previously published studies that the HAL approach to
colorectal disease is safe and effective, and has outcomes
similar to published data for CL surgery. In the present
series no obvious drawbacks for HAL colorectal surgery
have been identified. The adequacy of HAL techniques
for malignant colorectal disease needs further study.
Although the learning curve seems similar to that for CL
bowel resection, the overall success rate, in terms of
conversion, is higher, which may make HAL techniques
more accessible to general surgeons. In addition, im-
proved tactile feedback may facilitate the completion of
more complex procedures or more difficult pathology.
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