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Abstract
Introduction Hand-assisted laparoscopic surgery (HALS) is often used in procedures too complex for completely minimally
invasive approaches. However, there are concerns for whether this hybrid approach abrogates perioperative benefits of the
completely minimally invasive technique.
Methods We queried the 2012–2013 National Surgery Quality Improvement Program for adults undergoing elective HALS or
open colectomy (OC). After propensity matching, short-term outcomes were compared. Subset analysis was performed for
segmental resections. Multivariate analysis was used to determine predictors of utilizing either approach.
Results This query included 8791 patients (OC 2707, HALS 6084). Predictors of HALS included male sex (OR 1.17, p = 0.006),
increasing BMI (OR 1.01, p = 0.02), benign indication (OR 1.48, p < 0.001), and total abdominal colectomy (OR 10.39,
p < 0.001). Younger age, black race, ASA class ≥3, inflammatory bowel disease, and low pelvic anastomosis were predictive
of OC (all p < 0.05). HALS demonstrated reduced overall complications (p < 0.001), wound complications (p < 0.001), anasto-
motic leak (p = 0.014), transfusion (p < 0.001), postoperative ileus (p < 0.001), length of stay (p < 0.001), and readmission
(p < 0.001) without increased operative time. For segmental resection, HALS demonstrated reduced overall complications,
wound complications, respiratory complications, postoperative ileus, anastomotic leak, transfusion, length of stay, and
readmissions (all p < 0.05).
Conclusions Compared to OC, HALS demonstrates improved perioperative outcomes without increased operative time.
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Introduction

Laparoscopic approaches to colorectal surgery have been
demonstrated to be technically feasible and in adherence with
oncologic principles.1 However, the application of laparosco-
py to colon resections has been hampered by concerns over
heightened procedural complexity, steep learning curves, lack
of tactile feedback, and difficulties in mobilization, all
resulting in longer operating times compared to the open
approach.2 Hand-assisted laparoscopic surgery (HALS) has
been touted as a method to bridge the divide between open
and laparoscopic surgery for learners and in difficult operative
settings. Technological advances for HALS such as sleeveless
devices allow for the maintenance of pneumoperitoneum
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while accommodating a larger incision and multiple hand ex-
changes, enabling more widespread application of the
approach.3

There is hope that HALS can provide the benefits of the
open approach without the burdens of the laparoscopic
technique in the setting of complex cases where minimally
invasive approaches may be too difficult. Several small
randomized control trials and single-center experiences
have demonstrated that use of HALS resulted in improved
outcomes including lower intraoperative blood loss, de-
creased time to return of bowel function, decreased use of
analgesics, and shorter hospital length of stay.4

–8 For the
majority of these studies, operative times were longer in
HALS compared to open resections.

The original studies evaluating this procedure were car-
ried out in academic centers, which may not accurately
reflect the conditions of community hospitals. Thus, it is
unclear whether the benefits seen in these high-volume cen-
ters would persist in a broader application of the technique.
Given the variance of practice between institutions, it is
unclear if the benefits seen in academic centers are applica-
ble on a national scale. Therefore, the objective of this study
was to utilize a large national surgical outcomes database to
compare perioperative outcomes between HALS and open
colorectal surgery on a population level.

Methods

Data Source

The American College of Surgeons National Surgical
Quality Improvement Program (ACS NSQIP) is a prospec-
tively maintained database which collects information on
operative approaches and 30-day patient outcomes. The
combined NSQIP Participant Use Data File for 2012–
2013 was selected due to availability of data regarding sur-
gical approach.

Study Design

The Duke University Institutional Review Board approved
this retrospective analysis of the NSQIP database. Adult
patients were identified who had undergone elective open
or hand-assisted laparoscopic colectomy for both benign
and malignant indications. These results were filtered to
include subjects with Current Procedural Terminology
(CPT) codes: 44140, 44145, 44160, 44204, 44205, 44207,
and 44210. Subjects who had received preoperative ste-
roids or chemotherapy, had ostomies created during the
procedure, or had laparoscopic converted to open proce-
dures were excluded.

Statistical Analysis

Because there were possible non-random differences be-
tween the patients selected to receive HALS and open
colectomies, we developed propensity scores, defined as
the conditional probability of receiving a HALS colectomy.
Propensity scores were based on the following variables:
age, sex, race, BMI, indication (neoplastic, benign, IBD),
operative year, American Society of Anesthesiologists
(ASA) classification, bowel prep status, and extent of sur-
gery. Patients were then matched using a 1:1 nearest neigh-
bor method. The primary endpoints were 30-day postoper-
ative mortality and overall complication rates. Secondary
endpoints were individual 30-day complications as defined
by the NSQIP database. These include wound complica-
tions, cardiac complications, respiratory complications, re-
nal complications, venous thromboembolism, urinary tract
infection, postoperative ileus, anastomotic leak, bleeding,
postoperative sepsis, need for reoperation, length of stay,
readmission, and mortality. A subset analysis was per-
formed in those who received segmental colectomies only
in order to eliminate bias from higher-complexity opera-
tions. Multivariate logistic regression modeling was used
to determine predictors of utilizing either operative ap-
proach. A p value of <0.05 was considered statistically sig-
nificant. All statistical analysis was performed using R (The
R Foundation for Statistical Computing, version 3.0 2,
Vienna, Austria).

Results

In total, 8791 patients met the study criteria. Of these, 2707
(30.8%) patients received planned open colectomies and
6084 (69.2%) received HALS. For all patients, the median
age was 63 (IQR 53, 72) and the median BMI was 27.8
(IQR 24.3, 32.3). Baseline characteristics and unadjusted
outcomes between open versus HALS are shown in
Table 1. Compared with open resections, patients who re-
ceived HALS were more likely to be male, younger, white,
and have benign disease. In unadjusted analysis, HALS was
associated with a lower rate of overall complications, spe-
cifically wound complications (15.1 versus 8.6%,
p < 0.001), urinary tract infection (2.9 versus 1.9%, p =
0.003), VTE complications (1.7 versus 1.0%, p < 0.001),
respiratory complications (3.9 versus 1.9%, p < 0.001), re-
nal complications (1.4 versus 0.6%, p < 0.001), anastomot-
ic leak (4.6 versus 3.1%, p < 0.001), postoperative ileus
(17.7 versus 8.6%, p < 0.001), need for blood transfusion
(12.2 versus 4.4%, p < 0.001), and septic complications
(5.4 versus 2.6%, p < 0.001). HALS was also associated
with a shorter length of stay (median 6 days versus 4
HALS, p < 0.001) and lower reoperation (5.8 versus 3.8%,
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Table 1 Baseline characteristics
and outcomes of open surgical
approach versus hand-assisted
laparoscopic surgery

Open approach
(N = 2707)

Hand-assisted laparoscopic
approach (N = 6084)

Combined
(N = 8791)

P
value

Age (years) 54/65/74 53/63/72 53/63/72 <0.001

Sex <0.001

Male 43.7% (1184) 48.0% (2921) 46.7% (4105)

Female 56.3% (1523) 52.0% (3163) 53.3% (4686)

Race <0.001

White 86.9% (2092) 88.7% (5068) 88.2% (7160)

Black 9.8% (236) 7.4% (421) 8.1% (657)

Other 3.3% (79) 3.9% (224) 3.7% (303)

BMI (kg/m2) 23.62/27.18/31.93 24.53/27.98/32.37 24.27/27.79/32.26 <0.001

ASA classification <0.001

1 2.1% (57) 3.3% (199) 2.9% (256)

2 40.0% (1080) 54.6% (3318) 50.1% (4398)

3 52.8% (1425) 39.5% (2401) 43.6% (3826)

4+ 5.0% (135) 2.6% (161) 3.4% (296)

Diagnosis <0.001

Neoplastic 71.5% (1438) 62.9% (3427) 65.2% (4865)

Benign 22.7% (456) 34.3% (1867) 31.1% (2323)

IBD 5.9% (118) 2.8% (152) 3.6% (270)

Bowel prep <0.001

None 40.1% (1086) 35.4% (2156) 36.9% (3242)

Mechanical 32.4% (877) 36.3% (2211) 35.1% (3088)

Antibiotic 3.9% (106) 3.6% (220) 3.7% (326)

Mech + Abx 23.6% (638) 24.6% (1497) 24.3% (2135)

Operative time
(minutes)

104/150/216 115/156/208 112/155/210 0.023

Extent of surgery <0.001

Segmental 69.5% (1882) 67.4% (4099) 68.0% (5981)

Segmental w low
pelvic anast

30.1% (815) 29.8% (1814) 29.9% (2629)

TAC 0.4% (10) 2.8% (171) 2.1% (181)

Overall
complications

<0.001

No 76.9% (2082) 88.2% (5365) 84.7% (7447)

Yes 23.1% (625) 11.8% (719) 15.3% (1344)

Wound
complications

<0.001

None 84.9% (2297) 91.4% (5562) 89.4% (7859)

Superficial SSI 7.6% (205) 4.4% (267) 5.4% (472)

Deep incisional
SSI

1.7% (47) 0.5% (32) 0.9% (79)

Organ/Space SSI 4.5% (121) 3.1% (190) 3.5% (311)

Wound dehiscence 1.4% (37) 0.5% (33) 0.8% (70)

Urinary tract
infection

0.003

No 97.1% (2629) 98.1% (5970) 97.8% (8599)

Yes 2.9% (78) 1.9% (114) 2.2% (192)

Cardiac
complications

0.147

None 99.1% (2682) 99.4% (6045) 99.3% (8727)

Cardiac arrest 0.3% (7) 0.3% (17) 0.3% (24)

Myocardial
infarction

0.7% (18) 0.4% (22) 0.5% (40)
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p < 0.001) and readmission rates (11.1 versus 7.8%,
p < 0.001).

After matching for clinical, disease, and treatment factors,
HALS was associated with lower rates of overall complica-
tions (13.6 versus 21.5%, p < 0.001), wound complications
(8.8 versus 13.8%, p < 0.001), anastomotic leak (3.1 versus

4.7%, p = 0.014), transfusion requirement (5.0 versus 10.7%,
p < 0.001), postoperative ileus (8.8 versus 18.0%, p < 0.001),
length of stay (median 4 versus 6 days, p < 0.001), and
readmissions (6.9 versus 11.4%, p < 0.001), without requiring
longer operative time (median 148 versus 150 min, p = 0.111)
(Table 2). Thirty-day postoperative mortality and need for

Table 1 (continued)
Open approach
(N = 2707)

Hand-assisted laparoscopic
approach (N = 6084)

Combined
(N = 8791)

P
value

VTE complications 0.017

None 98.3% (2660) 99.0% (6022) 98.8% (8682)

DVT 1.1% (29) 0.7% (41) 0.8% (70)

PE 0.7% (18) 0.3% (21) 0.4% (39)

Respiratory
complications

<0.001

None 96.1% (2602) 98.1% (5970) 97.5% (8572)

Pneumonia 1.0% (28) 0.6% (39) 0.8% (67)

Fail to wean from
vent

2.0% (54) 0.8% (48) 1.2% (102)

Unplanned
reintubation

0.8% (23) 0.4% (27) 0.6% (50)

Renal complications <0.001

None 98.6% (2668) 99.4% (6050) 99.2% (8718)

Renal
insufficiency

0.9% (24) 0.3% (20) 0.5% (44)

Renal failure 0.6% (15) 0.2% (14) 0.3% (29)

Postoperative ileus <0.001

No 82.3% (2217) 91.4% (5547) 88.6% (7764)

Yes 17.7% (478) 8.6% (524) 11.4% (1002)

Anastomotic leak <0.001

No 95.4% (2571) 96.9% (5880) 96.4% (8451)

Yes 4.6% (125) 3.1% (189) 3.6% (314)

Intraop/Postop
transfusions

<0.001

No 87.8% (2376) 95.6% (5814) 93.2% (8190)

Yes 12.2% (331) 4.4% (270) 6.8% (601)

Septic complications <0.001

No 94.7% (2563) 97.4% (5923) 96.5% (8486)

Sepsis 3.4% (91) 1.8% (111) 2.3% (202)

Septic shock 2.0% (53) 0.8% (50) 1.2% (103)

Reoperation <0.001

No 94.2% (2551) 96.2% (5855) 95.6% (8406)

Yes 5.8% (156) 3.8% (229) 4.4% (385)

Length of stay (days) 5/6/8 3/4/6 4/5/6 <0.001

Readmission <0.001

No 88.9% (2406) 92.2% (5612) 91.2% (8018)

Yes 11.1% (301) 7.8% (472) 8.8% (773)

30-Day mortality <0.001

No 98.8% (2675) 99.5% (6056) 99.3% (8731)

Yes 1.2% (32) 0.5% (28) 0.7% (60)

Data are represented as percent (n) for categorical variables and Q1/median/Q3 for continuous variables unless
otherwise specified
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operation were not different between HALS and open resec-
tion after matching.

When examining those that received segmental resection
only, as depicted in Table 3, HALS was still associated with
improved rate of overall complications, wound complications,
respiratory complications, postoperative ileus, anastomotic

leak, transfusion requirement, length of stay, and readmissions
(all p < 0.05). Additionally, there was a slight decrease in op-
erative time associated with segmental HALS (median 137
versus 141 min, p = 0.038).

Independent predictors of utilizing HALS include male sex
(OR 1.17, p = 0.006), increasing BMI (OR 1.01, p = 0.02),

Table 2 Baseline characteristics
and outcomes of open surgical
approach versus hand-assisted
laparoscopic surgery after pro-
pensity matching

Open approach (N = 1747) Hand-assisted laparoscopic
approach (N = 1747)

P value

Operative time (min) 104/148/206 114/150/205 0.111
Overall complications <0.001
No 78.5% (1371) 86.4% (1509)
Yes 21.5% (376) 13.6% (238)

Wound complications <0.001
None 86.2% (1506) 91.2% (1593)
Superficial SSI 6.9% (120) 4.4% (76)
Deep incisional SSI 1.3% (23) 0.5% (8)
Organ/Space SSI 4.3% (75) 3.4% (59)
Wound dehiscence 1.3% (23) 0.6% (11)

Urinary tract infection 0.104
No 97.4% (1702) 98.2% (1716)
Yes 2.6% (45) 1.8% (31)

Cardiac complications 0.764
None 99.2% (1733) 99.0% (1729)
Cardiac arrest 0.3% (5) 0.4% (7)
Myocardial infarction 0.5% (9) 0.6% (11)

VTE complications 0.514
None 98.3% (1717) 98.7% (1724)
DVT 1.0% (17) 0.9% (15)
PE 0.7% (13) 0.5% (8)

Respiratory complications 0.418
None 96.1% (1678) 97.0% (1695)
Pneumonia 1.2% (21) 0.8% (14)
Fail to wean from vent 1.8% (32) 1.5% (27)
Unplanned reintubation 0.9% (16) 0.6% (11)

Renal complications 0.068
None 98.3% (1718) 99.2% (1733)
Renal insufficiency 1.0% (18) 0.5% (8)
Renal failure 0.6% (11) 0.3% (6)

Postoperative ileus <0.001
No 82.0% (1429) 91.2% (1590)
Yes 18.0% (313) 8.8% (154)

Anastomotic leak 0.014
No 95.3% (1659) 96.9% (1689)
Yes 4.7% (82) 3.1% (54)

Intraop/Postop transfusions <0.001
No 89.3% (1560) 95.0% (1660)
Yes 10.7% (187) 5.0% (87)

Septic complications 0.078
No 95.1% (1661) 96.5% (1686)
Sepsis 3.1% (55) 2.5% (43)
Septic shock 1.8% (31) 1.0% (18)

Reoperation 0.203
No 94.8% (1656) 95.7% (1672)
Yes 5.2% (91) 4.3% (75)

Length of stay (days) 4/6/8 3/4/6 <0.001
Readmission <0.001
No 88.6% (1548) 93.1% (1626)
Yes 11.4% (199) 6.9% (121)

30-Day mortality 0.491
No 98.9% (1728) 99.1% (1732)
Yes 1.1% (19) 0.9% (15)

Data are represented as percent (n) for categorical variables and Q1/median/Q3 for continuous variables unless
otherwise specified
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benign indications for surgery other than inflammatory bowel
disease (IBD) (OR 1.48, p < 0.001), and intention to perform
total abdominal colectomy (OR 10.39, p < 0.001), as depicted
in Table 4. Younger age, black race, ASA class ≥3, inflamma-
tory bowel disease, and surgery requiring low pelvic anasto-
mosis were predictive of open surgery (all p < 0.05).

Discussion

Our results demonstrate that the utilization of HALS is asso-
ciated with fewer postoperative complications than in patients
treated with open colectomy. In this study, we found that
HALS provides a significant reduction in several

Table 3 Outcomes of open
surgical approach versus hand-
assisted laparoscopic surgery for
segmental resection after propen-
sity matching

Open approach (N = 1243) Hand-assisted laparoscopic
approach (N = 1243)

P value

Operative time (min) 98.0/137.0/188.0 106.0/141.0/188.0 0.038
Overall complications <0.001
No 78.8% (980) 85.8% (1066)
Yes 21.2% (263) 14.2% (177)

Wound complications <0.001
None 86.5% (1075) 92.1% (1145)
Superficial SSI 6.9% (86) 3.6% (45)
Deep incisional SSI 1.3% (16) 0.6% (7)
Organ/Space SSI 3.9% (48) 3.2% (40)
Wound dehiscence 1.4% (18) 0.5% (6)

Urinary tract infection 0.099
No 97.3% (1210) 98.3% (1222)
Yes 2.7% (33) 1.7% (21)

Cardiac complications 0.194
None 99.2% (1233) 99.4% (1236)
Cardiac arrest 0.2% (3) 0.4% (5)
Myocardial infarction 0.6% (7) 0.2% (2)

VTE complications 0.725
None 98.1% (1220) 98.5% (1224)
DVT 1.1% (14) 1.0% (13)
PE 0.7% (9) 0.5% (6)

Respiratory complications 0.045
None 95.6% (1188) 97.6% (1213)
Pneumonia 1.1% (14) 0.6% (8)
Fail to wean from vent 2.1% (26) 1.0% (12)
Unplanned reintubation 1.2% (15) 0.8% (10)

Renal complications 0.07
None 98.4% (1223) 99.4% (1235)
Renal insufficiency 1.1% (14) 0.4% (5)
Renal failure 0.5% (6) 0.2% (3)

Postoperative Ileus <0.001
No 81.4% (1009) 90.2% (1120)
Yes 18.6% (230) 9.8% (121)

Anastomotic leak 0.036
No 95.3% (1180) 96.9% (1203)
Yes 4.7% (58) 3.1% (38)

Intraop/Postop transfusions 0.002
No 89.8% (1116) 93.3% (1160)
Yes 10.2% (127) 6.7% (83)

Septic complications 0.023
No 95.4% (1186) 97.3% (1210)
Sepsis 2.6% (32) 1.8% (22)
Septic shock 2.0% (25) 0.9% (11)

Reoperation 0.058
No 95.0% (1181) 96.5% (1200)
Yes 5.0% (62) 3.5% (43)

Length of stay (days) 4/6/8 3/4/6 <0.001
Readmission <0.001
No 88.4% (1099) 93.4% (1161)
Yes 11.6% (144) 6.6% (82)

Data are represented as percent (n) for categorical variables and Q1/median/Q3 for continuous variables unless
otherwise specified
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postoperative complications including wound complications,
respiratory complications, postoperative ileus, and anastomot-
ic leak. In addition to these benefits, using HALS did not
increase operative time. These combined benefits challenge
previously held concerns surrounding the use of HALS over
open colectomy in cases too complex for minimally invasive
approach and instead, support the use of HALS for instruction
of trainees as well as in difficult cases. HALS and open tech-
niques both mobilize the colon from a lateral to medial direc-
tion, as opposed to the straight laparoscopic technique in
which the approach is medial to lateral.8 This similarity facil-
itates learning and execution of the approach. Given the re-
duced complications with HALS use compared to open
colectomy and conversely, the worsened outcomes following
conversion to open surgery, surgeons may consider converting
to HALS before open surgery following attempted laparo-
scopic dissection.9

,10

Our study is unique in that we have used propensity
matching to evaluate differences between operative cohorts.
Benlice et al. have also recently reviewed the 2012–2013
datasets of NSQIP to analyze HALS and open colectomy
patients.11 Their study identified patients undergoing elective
open and laparoscopic colectomy. Similar to our analysis, they
identified significantly higher rates of superficial surgical site
infection, length of stay, and postoperative ileus following
open colectomy compared to the minimally invasive ap-
proach. However, their findings demonstrated a significant
difference in operative time between the two groups. We be-
lieve that their exclusion criteria did not appropriately control
for the complexity of procedures, as it did not exclude patients
who underwent ostomy creation or conversion from HALS to
open. These selection criteria likely distort the operative times
observed in their analysis, negating a strong benefit of HALS.
Additionally, this study did not examine factors influencing
surgeon selection of approach between HALS and open. This
information may help to better select patients suitable for this
approach.

There has been a debate as to whether HALS approaches
should be the standard therapy in selected cases. Our data
identify that HALS approaches are more likely to be used in
male patients, likely due to the anatomical considerations of a
narrow pelvis being more amenable to laparoscopic compared
to open surgery. Patients with higher BMI are similarly more
likely to undergo HALS colectomy, likely also due to anatom-
ical considerations and a higher overall risk of wound compli-
cations in this patient population. Patients undergoing total
colectomies were more likely to undergo HALS, as Marcello
postulated in his study, because HALS could allow for more
flexibility in the handling of the transverse mesocolon and
omentum especially in cases with significant adhesions, such
as IBD patients.12 However, our data show that colectomies
performed for IBD were more likely to be performed open
than those for other indications. The 1:1 propensity matching
carried out in the current study attempts to account for the
differences in the baseline characteristics of the patients re-
ceiving HALS and open colectomies. However, there are oth-
er factors which play a role in surgical decision-making which
are not captured by the NSQIP dataset, and this selection bias
cannot be fully accounted for in this study, or by any other
NSQIP analysis.

Patients with higher ASA class were preferentially selected
to undergo open colectomy, likely due to the concern that they
would not tolerate the insufflation necessary for laparoscopic
surgery. However, these patients may have also received open
colectomies due to concern that they would not tolerate the
prolonged operations historically associated with laparoscopic
approaches. The current study demonstrates that operative
times are equivalent which may harken a shift in practice
toward HALS or laparoscopic approaches in these popula-
tions. Though the perceived increased cost of equipment to
perform hand-assisted laparoscopic procedures has been an
obstacle to their broader application, it has already been dem-
onstrated that costs associated with HALS and straight lapa-
roscopic approaches are equivalent.13 Equivalent operative

Table 4 Multivariate analysis
examining predictors of hand-
assist laparoscopic surgery use

Variables OR LO95 HI95 P value

Age (decade of life) 0.944 0.901 0.989 0.016

Male 1.173 1.048 1.313 0.006

Black race 0.735 0.606 0.89 0.002

BMI 1.01 1.001 1.018 0.022

ASA class 2 0.822 0.552 1.225 0.336

ASA class 3 0.466 0.311 0.697 <0.001

ASA class 4 0.331 0.204 0.538 <0.001

Benign disease indication 1.481 1.289 1.702 <0.001

IBD indication 0.32 0.239 0.427 <0.001

Segmental resection with
low pelvic anastomosis

0.851 0.746 0.969 0.015

LTAC 10.389 4.463 24.181 <0.001
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time between HALS and open colectomies may tip the eco-
nomic scales further away from open surgery toward HALS
approaches.

Our study was limited by its retrospective nature and resul-
tant potential selection bias. We have attempted to reduce
possible selection bias by use of propensity match based on
known confounding variables and further subgroup analysis
of segmental resection. Further benefit could be derived from
comparing the performance of individual surgeons; unfortu-
nately, this data is not available through NSQIP. Our follow up
is also confined to 30 days, which limits the analysis of long-
term outcomes including need for reoperation, cancer recur-
rence, disease-free survival, and mortality beyond 30 days.
Despite these limitations, there is no large-scale institutional
study examining this comparison. Further research is needed
to evaluate the direct benefits of HALS compared to open
surgical approach, specifically examining individual perfor-
mance of surgeons, benefits to surgeons in training, and dif-
ferences in postoperative outcomes.

Conclusions

Compared to open colectomy, hand-assisted laparoscopic sur-
gery demonstrates improved perioperative outcomes without
requiring a significant increase in total operative time. In cases
considered too difficult for a totally minimally invasive ap-
proach, HALS provides a favorable alterative to the traditional
open approach.
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