
L
V
T
J

U
d
i
a
f
a
t
t
a
w
r

D

R
2
F
C
C
S
1

©
P

ongterm Complications of Hand-Assisted
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BACKGROUND: Hand-assisted laparoscopic surgery (HALS) requires a larger incision compared with standard
laparoscopic surgery (SLS). Whether this leads to more longterm complications, such as inci-
sional hernia (IH) and small bowel obstruction (SBO), has not been studied to date. This study
compares the rates of SBO and IH after HALS and SLS in patients undergoing operations for
colon and rectal diseases.

STUDY DESIGN: From a colorectal database, 536 consecutive patients were identified who underwent bowel
resection using HALS (n � 266) and SLS (n � 270) between 2001 to 2006. All medical records
were reviewed, and all subjects were contacted by telephone for accurate followup. Statistical
analysis was performed using chi-square, Fisher’s exact, and Mann-Whitney U tests, where
appropriate.

RESULTS: Median followup was 27 months (range 1 to 72 months). Overall conversion rate was 2.2%
(SLS, n � 4; HALS, n � 8). Median incision size in HALS (75 mm; range 60 to 140 mm) was
larger than SLS (45 mm; range 30 to 130 mm; p � 0.01). Despite the larger wound, the incidence
of IH was similar between both approaches (HALS, n � 16 [6.0%] versus SLS, n � 13 [4.8%]; p �
0.54). Rate of SBO was also comparable (HALS, n � 11 [4.1%] versus SLS, n � 20 [7.4%]; p �
0.11). Wound infections occurred similarly between both groups (HALS, n � 18 [6.8%]; SLS, n �
13 [4.8%]; p � 0.33). Converted patients had a higher rate of IH compared with nonconverted
ones (25% versus 5%; p � 0.02), although the rate of SBO was similar (8.3% versus 5.7%;
p � 0.51).

CONCLUSIONS: HALS does not lead to more longterm complications of IH and SBO when compared with SLS
for resections of the colon and rectum. (J Am Coll Surg 2009;208:62–66. © 2008 by the

American College of Surgeons)
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se of laparoscopic techniques to treat colon and rectal
iseases, both benign and malignant, is becoming increas-

ngly common. Both standard laparoscopic surgery (SLS)
nd hand-assisted laparoscopic surgery (HALS) are used
or resection of the colon and rectum. HALS involves cre-
tion of a small incision at the beginning of the operation,
hrough which a hand is inserted to assist in dissection of
he bowel, and through which specimen extraction and
nastomosis are performed. This is in contrast with SLS,
here mobilization of the bowel is accomplished with lapa-

oscopic tools only, and a minilaparotomy is created for the

isclosure Information: Nothing to disclose.

eceived April 14, 2008; Revised August 31, 2008; Accepted September 3,
008.
rom the Section of Colon and Rectal Surgery, Weill Medical College of
ornell University, New York, NY.
orrespondence address: Toyooki Sonoda, MD, Section of Colon and Rectal
urgery, Weill Medical College of Cornell University, 525 East 68th St, Box
p72, New York, NY 10021.

62
2008 by the American College of Surgeons

ublished by Elsevier Inc.
urpose of specimen extraction and anastomosis (when
ppropriate).

Although there are several theoretic advantages to
ALS, such as restoration of spatial orientation and the

bility to perform a complex laparoscopic operation with
inimal assistance, the main benefit of HALS as compared
ith SLS is that it can shorten operative time. Although the

irst two randomized studies comparing HALS and SLS in
egmental colectomy did not show a substantial time dif-
erence,1,2 HALS demonstrates substantially shorter oper-
tive times in more complex operations, such as total co-
ectomy.3,4 In a previous study from our institution, use of

ALS in complex diverticulitis not only led to a shorter
ength of operation compared with SLS, it substantially
owered the conversion rate as well.5 In a recently com-
leted multi-institutional randomized prospective study of
ALS and SLS, operative time was improved substantially

n both segmental and total colectomy by use of HALS.6

espite the slightly larger incision required in HALS, all

revious randomized studies have demonstrated similar
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hort-term outcomes after colectomy between HALS and
LS in terms of return of gastrointestinal function and
ength of hospitalization.1,2,6

Use of HALS to perform colon and rectal resections still
emains controversial. Some surgeons believe it is unneces-
ary, and others believe it is helpful in easing the learning
urve of a difficult operation. Longterm effects of the larger
ncision compared with conventional laparoscopy (and of
he hand inside the abdomen) are largely unknown. Does
ALS lead to a higher incidence of incisional hernia (IH)

ompared with SLS? Is the rate of small bowel obstruction
SBO) higher in HALS, as a result of increased postopera-
ive adhesions? Our study was undertaken to compare
ongterm complication rates (IH and SBO) between SLS
nd HALS in colon and rectal surgery.

ETHODS
sing a prospective colorectal surgery database, 536 consecu-

ive patients were identified who underwent segmental colec-
omy, proctectomy, or total colectomy/proctocolectomy using
oth HALS (n � 266) and SLS (n � 270) between 2001 and
006. Our practice of laparoscopic surgery evolved during the
tudy period, with our initial experience using only SLS. In
003, HALS was incorporated into our practice and used for
ases of sigmoid colectomy and total colectomy. Right colec-
omies were performed preferentially using SLS because
nsertion of the hand seemed obstructive rather than help-
ul, except in complex Crohn’s disease, such as with an
leosigmoid fistula. Placement of the hand-assist device
GelPort; Applied Medical) was in the lower abdomen,
ostly as a Pfannenstiel incision (and occasionally a low
idline incision) for left and total colectomies. Proctec-

omy in HALS was performed either laparoscopically with the
and outside of the abdomen, or through the low abdominal
ound using open techniques after laparoscopic vascular liga-

ion and splenic flexure mobilization, according to surgeon
reference.

All patients undergoing elective colectomy were given a
tandardized mechanical bowel preparation without oral
ntibiotics, except in cases of a partial bowel obstruction,
here bowel distention would be an issue, or in the case of

Abbreviations and Acronyms

HALS � hand-assisted laparoscopic surgery
IH � incisional hernia
LOA � lysis of adhesions
SBO � small bowel obstruction
SLS � standard laparoscopic surgery
WI � wound infection
ulminant colitis, where bowel preparation was omitted. s
ll patients were administered intravenous antibiotics in
he operating room before creation of an incision. Wound
rotectors were used routinely during specimen extraction
nd anastomosis, whether by SLS or HALS. Incisions were
losed according to surgeon preference; the fascia of a mid-
ine minilaparotomy was closed by either running mono-
ilament or interrupted absorbable sutures, and the fascia of
he Pfannenstiel was closed using a running monofilament
uture.

After IRB approval, all inpatient and outpatient medical
ecords were reviewed retrospectively, and all patients were
elephoned for accurate followup data. Telephone inter-
iews were conducted by one surgeon using an IRB-
pproved standardized questionnaire and, overall, 96% of
atients or families were successfully contacted.
Incisional hernias were diagnosed clinically by patient

istory and physical examination. Patients who did not
ave recent followup at our institution were asked on tele-
hone interview if they had a known IH or bulging of the
ound. If an affirmative answer was given, they were ques-

ioned again if another physician confirmed the presence of
n IH. Only then was the patient considered to have an IH.
atients with an incidental hernia on CT scan without
omplaint or evidence of a hernia on physical examination
ere not included. Peristomal hernias were excluded from

his evaluation as well.
SBO was defined as intolerance of oral intake with dis-

ention, together with radiographic evidence of an intesti-
al obstruction. All patients with longterm SBO required
t least hospitalization and observation.

Conversion in SLS was defined as any unplanned and
remature creation of an incision to complete dissection of
he bowel, and conversion in HALS was defined as any
xtension of the hand-port incision by � 2 cm, either
aterally or vertically.

Nonparametric statistical analysis was performed using
hi-square test, Fisher’s exact test, and Mann-Whitney U
est, where appropriate, using the program SPSS 11.0
SPSS, Inc).

ESULTS
total of 536 patients (279 men and 257 women) were

nalyzed. Median age was 57 years (range 18 to 96 years).
edian followup was 27 months (range 1 to 72 months).
he comparison of demographic data and short-term out-

omes is seen in Table 1. Malignant disease was found in
24 patients. The distribution of diagnoses in HALS and
LS is seen in Table 2. Median incision size was longer in
ALS (75 mm, range 60 to 140 mm) compared with SLS

45 mm, range 30 to 130 mm); p � 0.01. Overall conver-

ion rate to open operation was 2.2% (SLS, n � 4; HALS,
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64 Sonoda et al Complications of Colectomy J Am Coll Surg
� 8), similar between the two groups (p � 0.23). Rate of
ound infection (WI) was similar between the two ap-
roaches, 6.8% in HALS (n � 18) and 4.8% in SLS (n �
3); p � 0.33.

ongterm complications
ate of IH was similar between both groups, 6.0% in
ALS (n � 16) compared with 4.8% in SLS (n � 13); p �

.54 (Table 3). Of the patients in whom IH developed,
2% ultimately underwent hernia repair. There was no
ifference in the rate of operation for IH in both groups
HALS 62.5%, SLS 61.5%).

Rate of SBO was no different between the two methods
HALS, n � 11 [4.1%] versus SLS, n � 20 [7.4%]; p �
.11). For patients who presented with a postoperative SBO,
1% (n � 19) required operations.There was no difference in
he rate of operations between HALS (54%) and SLS (65%).
f the six patients who required operations for a bowel ob-

truction after HALS, one was treated with laparoscopic lysis
f adhesions (LOA) alone, and two patients had open LOA
nd three required bowel resection (one laparoscopic-assisted,
wo open). Of the 13 patients who required operations for a
owel obstruction after SLS, 4 underwent laparoscopic LOA,
nd 5 required open LOA, and 4 underwent bowel resection
3 laparoscopic-assisted, 1 open). Overall, the ability to treat a
owel obstruction with a simple laparoscopic LOA was low

able 2. Indications for Surgery
HALS (n � 266) SLS (n � 270)

olon cancer 36 87
ectal cancer 89 12
enign polyp 6 31
iverticulitis 55 40
lcerative colitis 52 21
rohn’s disease 14 53
ther 14 26

ALS, hand-assisted laparoscopic surgery; SLS, standard laparoscopic

able 1. Demographics and Short-Term Outcomes
HAL

edian age (y), range 56
emale gender, n
edian body mass index, range 25.3
edian ASA classification, range 2
edian incision size (mm), range 75
edian operative time (min), range 225
edian postoperative length of stay (d), range 6
onversion, n (%) 8

p � 0.05; Mann-Whitney U test.
SA, American Society of Anesthesiologists; HALS, hand-assisted laparoscop
urgery. S
hether the index procedure was performed using SLS (31%)
r HALS (17%).

We evaluated outcomes of patients who were converted
o open operation. Converted patients (n � 12) had an
ncreased rate of IH (25%) compared with nonconverted
atients (5%); p � 0.02. Rates of SBO in converted pa-
ients were similar to nonconverted patients (8.3% versus
.7%, respectively; p � 0.52). Incidence of WI was not
tatistically different between the two groups (converted
6.6% versus nonconverted 5.5%; p � 0.15) (Table 4).
ean wound size in converted patients was 123.3 � 7.8

m, compared with 62.9 � 17.7 cm for nonconverted
atients (p � 0.001). On logistic regression analysis, inci-
ion size did not significantly correlate with IH (p � 0.13;
dds ratio [OR]: 1.014; 95% CI, 0.996 to 1.033) or with
I (p � 0.38; OR: 1.008; 95% CI, 0.990 to 1.026). There

as a significant correlation between WI and IH (p �
.01;OR: 3.85; 95% CI, 1.361 to 10.917), signifying that
postoperative WI was predictive of an IH in the future.
From our anecdotal experience, it was our impression

hat Pfannenstiel incisions had fewer complications com-
ared with midline minilaparotomies, and we evaluated
he wound site to see if there was a difference in the rate of
ound complications and SBO. The most common inci-

ion in HALS was the Pfannenstiel (91%) and in SLS it was

able 3. Long- and Short-Term Complications
HALS

(n � 266)
SLS

(n � 270)
p Value*n % n %

ncisional hernia 16 6 13 4.8 0.54
BO 11 4.1 20 7.4 0.10
ound infection 18 6.8 14 4.8 0.33

nastomotic leak 16 6 13 4.8 0.14

p � 0.05 Mann-Whitney U test.
ALS, hand-assisted laparoscopic surgery; SBO, small bowel obstruction;

� 266) SLS (n � 270) p Value*

–93) 58 (18–96) NS
4 143 NS
–50) 24.7 (14.2–65) NS
4) 2 (1–4) NS
–140) 45 (30–130) �0.01
0–575) 180 (60–435) �0.01
129) 5 (3–129) �0.01

4 (1.5) NS

gery; SLS, standard laparoscopic surgery.
S (n

(19
11

(16
(1–
(60
(10
(2–
(3)
LS, standard laparoscopic surgery.
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he midline minilaparotomy (49%). Incisions placed in the
idline did not have increased rates of WI (6.6%) or IH

7.9%) compared with Pfannenstiel incisions (WI 6.3%,
H 5.0%; p � 0.91 and 0.22, respectively). Incidence of
BO was similar between Pfannenstiel wounds (6.3%) and
idline wounds (6.6%); p � 0.91.
Finally, the number of patients with either longterm

omplications (ie, IH or SBO) was compared to the best
nswer to the question of whether HALS leads to an in-
rease in any longterm complication. This revealed no sig-
ificant difference between HALS (n � 27 [10.2%]) versus
LS (n � 29 [10.6%]; p � 0.82). In the SLS group, four
atients had both IH and SBO, but in this analysis the
umber of patients with either complication was compared

nstead of the number of events.

ISCUSSION
lthough use of laparoscopy for colon and rectal diseases is
ecoming more common, it remains a difficult operation
ith a substantial learning curve. Insertion of the hand
uring laparoscopy can restore spatial orientation and help
urgeons accomplish this complex operation, and appears
ell-suited for colorectal resections that require an incision

or resection and extracorporeal anastomosis. Three ran-
omized prospective studies that compare HALS with con-
entional open colorectal surgery exist to date. Two single-
nstitution studies of segmental colectomies demonstrated

faster recovery of gastrointestinal function and shorter
ength of hospitalization with HALS compared with open
urgery.7,8 One randomized trial that did not show an im-
rovement in postoperative recovery was in the setting of
estorative proctocolectomy. This might have been because
f the complexity of the operation and the postoperative
anagement, which included clear liquids for 5 days in all

atients without diversion.9

The role of HALS in colorectal diseases remains contro-
ersial, and surgeons competent in laparoscopic surgery
ebate whether it helps or hinders, or whether it is neces-
ary or unnecessary. Despite a larger incision size, studies to
ate reveal similar short-term recovery between HALS and

able 4. Complications in Converted and Nonconverted Pa-
ients

Converted
(n � 12)

Nonconverted
(n � 524) p

Value*n % n %

mall bowel
obstruction 1 8.3 30 5.7 0.51
ernia 3 25 26 5 0.02
ound infection 2 16.7 29 5.5 0.15

p � 0.05 Fisher’s exact test.
LS.1-6,10 Benefits in operative time and conversion rates y
ave been realized, especially in complex operations, by
nsertion of the hand (complex diverticulitis and total
olectomy).3-6 The most compelling study favoring HALS
o date is a recently completed randomized, prospective
ulti-institutional study (Minimally Invasive Therapeutic

rial) that compared use of HALS and SLS in left segmen-
al colectomy and total colectomy. In this study of 95 pa-
ients, where operative time was the primary end point, a
8-minute time conservation was noted with HALS in left
olectomies, and a 51-minute improvement was seen in
otal colectomies by insertion of the hand. Despite an in-
reased incision size with HALS (8.2 cm versus 6.1 cm; p �
.01), the pain scores and postoperative recovery (days to
latus and length of hospitalization) were similar in both
roups.6

Although there appears to be no obvious short-term dis-
dvantage to HALS compared with SLS (aside from wound
ize), the longterm impact of creating a slightly larger inci-
ion and inserting a hand into the abdomen has not yet
een evaluated. The primary purpose of our study was to
ompare longterm complication rates, ie, IH and SBO,
etween SLS and HALS. The results of our study suggest
hat HALS could be used without the concern of increased
ongterm complications, as the incidences of both IH and
BO were similar between both methods. In addition, rates
f infectious complications, such as WI and anatomotic
eak, were similar in both groups. When bowel obstruc-
ions occurred, we found that the rate of reoperation was
imilar between SLS and HALS, and the ability to treat
hese obstructions with simple laparoscopic LOA alone was

30% in both groups.
Our analysis of wound complications by wound loca-

ion was interesting, as our general impression was that
fannenstiel incisions had a lower rate of wound compli-
ations compared with midline incisions. We found that
idline wounds were no worse than the Pfannestiel inci-

ion with regard to WI and IH and SBO.
The main criticism of this study is that it is uncontrolled,

nd that there is bias in the groups compared. Indeed, more
atients undergoing left colectomy, proctectomy, and total
olectomy had HALS, and the majority of patients with
ight-sided pathology underwent SLS. Patients with ulcer-
tive colitis and rectal cancer preferentially underwent
ALS, although more patients with colon cancer and
rohn’s disease underwent SLS (Table 2). The fact that a

onger median operative time was seen in HALS is indica-
ive of the fact that more difficult and more extensive op-
rations were performed with HALS compared with SLS.
espite this, there was no longterm disadvantage in HALS.
To control for the disparity in diagnoses, a subset anal-
sis was performed of diverticulitis alone, where one pro-
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edure was compared (sigmoid colectomy) and the number
f cases of HALS and SLS were similar (HALS, n � 54
ersus SLS, n � 41; p � 0.12). Even in this subset analysis,
he rate of IH (HALS, n � 1 [1.9%] versus SLS, n � 0;
� 0.38) and SBO (HALS, n � 2 [3.8%]; SLS, n � 1

2.4%]; p � 0.72), were similar between the two ap-
roaches. An evaluation of longterm complications in the
reviously mentioned Minimally InvasiveTherapeuticTrial (a
andomized prospective multi-institutional study) would be
elpful in verifying our study’s primary outcomes.

Another criticism of this study is its relatively short fol-
owup. Our median followup was 27 months and, because

ALS was incorporated into our practice later in the study
eriod, the length of followup was different between the
wo groups (median 24 months in HALS versus 34 months
n SLS). This is more likely to affect the incidence of SBO
han IH, as episodes of bowel obstruction can occur several
ears after operation. There would be merit in longer fol-
owup of this patient population with regard to this.

The value of this study is in the large number of patients
valuated and the reliable longterm followup, as 96% of pa-
ients (or family) were successfully contacted by telephone.

In this analysis, we found no discouraging longterm out-
omes with the hand-assisted laparoscopic method in per-
orming resections of the colon and rectum. Combined
ith successful short-term outcomes (similar to SLS) and

he potential time conservation in both left/sigmoid colec-
omies and total colectomies, its continued use, especially
n complex operations, should be encouraged.
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