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Abstract

Background Laparoscopic total proctocolectomy (TPC)

with or without ileoanal pouch is a major operation for

which the traditional benefits of laparoscopy were not

immediately apparent, in part due to the longer operating

times. The use of energy devices has been shown to

improve operative outcomes for patients who undergo

laparoscopic segmental colectomies, but there are limited

data for laparoscopic TPC (LTPC).

Methods All patients who underwent LTPC between

January 2002 and July 2011 were identified from a

prospectively maintained institutional-review-board-ap-

proved database. Univariate and multiple linear regression

analyses were performed to assess the impact of elec-

trothermal bipolar vessel sealers (EBVS) for vessel ligation

on operative time. Secondary outcomes included vessel

ligation failures, estimated blood loss, and other intra- and

postoperative outcomes.

Results One hundred and forty-five patients underwent

LTPC, including 126 restorative ileoanal pouch and divert-

ing ileostomy operations and 19 TPC and end ileostomy

procedures. Fifteen percent of LTPCs were totally laparo-

scopic, 45 % were laparoscopic-assisted, 32 % were hand-

assisted, and 8 % were laparoscopic-converted cases.

Laparoscopic vessel ligation was performed using EBVS

(76 %), endoscopic staplers (12 %), or hybrid techniques

(12 %). Vessel ligation groups were similar in

demographics, body mass index, surgical indication,

immunosuppression, and prior surgery. EBVS were associ-

ated with shorter median operative times (247 vs. 290 vs.

300 min, p = 0.018) and fewer vessel ligation failures (1 vs.

11 vs. 12 %, p = 0.027) compared with endoscopic staplers

and hybrid techniques, respectively. There were no differ-

ences in estimated blood loss and intra-operative complica-

tions among the three groups. Length of stay, 30-day

morbidity, and 30-day re-operation rates were also similar.

On multiple linear regression analysis, EBVS were a sig-

nificant predictor of operative time (p = 0.019).

Conclusions Routine use of electrothermal bipolar vessel

ligation for LTPC is associated with shorter operative time

and fewer vessel ligation failures without higher risk of

complications than other vessel control methods.
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Laparoscopic total proctocolectomy (LTPC) has been

shown to be both safe and feasible [1]. Unlike as was

quickly noted with segmental colectomies, however, the

benefits of laparoscopy were not immediately demon-

strated for LTPC. Furthermore, the benefits of laparoscopy

might be mitigated by the longer operative times of LTPC

compared with open procedures [1–6], perhaps having

deterred surgeons from adopting this potentially demand-

ing approach.

One factor shown to impact operative time is vessel

ligation technique. Various options exist for vessel ligation

during laparoscopic colon resections, including electrother-

mal bipolar vessel sealers (EBVS), endoscopic staplers (ES),

endoscopic clips (EC), and ultrasonic coagulating shears
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(UCS). The routine use of energy devices has been shown to

improve operative outcomes for patients who undergo

laparoscopic segmental colectomies. A meta-analysis that

included six randomized controlled trials with 446 patients

assessed the impact of energy sources for colonmobilization,

dissection, and vessel ligation on operative outcomes of

laparoscopic colectomies [7]. Although there was significant

heterogeneity among the studies, the use of energy sources

was associated with shorter operative time, improved

hemostasis, and easier instrument handling.

To date, only three studies have specifically evaluated

the impact of EBVS for vascular ligation on outcomes of

LTPC: two retrospective studies and one prospective ran-

domized study (Table 1) [8–10]. In these studies, the

benefits of energy sources for vascular ligation included

shorter operative times, fewer failures of vessel ligation,

less estimated blood loss, and lower costs. However, these

studies all featured small sample sizes.

The goal of our study was to evaluate the impact of EBVS

for vessel ligation on operative time and other intra-operative

and postoperative outcomes for LTPC in a large cohort.

Materials and methods

Patients

After institutional review board approval, all patients who

underwent an LTPC between January 2002 and July 2011

at the Cleveland Clinic Florida were identified from a

prospectively maintained database. All patients with con-

comitant colorectal cancer were excluded.

Definition of patient and operative characteristics

The LTPC cases were performed by seven board-certified

colorectal surgeons with advanced experience in laparo-

scopic colorectal surgery. In addition, colorectal surgery

residents and/or fellowship-accredited fellows assisted in

all cases. Procedures were classified as LTPC with ileal

pouch–anal anastomosis (IPAA) and a diverting ileostomy

or as LTPC with an end ileostomy. Furthermore, proce-

dures were categorized as being performed by high-LTPC

volume ([50 cases/surgeon during the study period) or

low-LTPC volume surgeons (\10 cases/surgeon during the

study period). There were two high-LTPC volume and five

low-LTPC volume surgeons in this study. Procedures were

also categorized as being performed in high- or low- LTPC

volume years (2008–2011: [30 cases per year vs.

2002–2007:\15 cases per year). Normal and overweight

body mass indices were defined by criteria of the National

Institutes of Health as a BMI of 18.5–25 kg/m2 and

C25 kg/m2, respectively [11].

The laparoscopic approach was categorized as total

laparoscopic, laparoscopic-assisted, hand-assisted, or

laparoscopic-converted. Total laparoscopic (TL) was

defined as a completely laparoscopic operation with

extraction of the specimen through the perineum or the

stoma site, without any additional incisions. Laparoscopic-

assisted (LA) was defined as a totally laparoscopic proce-

dure, with an incision for specimen extraction, including a

Pfannenstiel or umbilical incision. Hand-assisted (HA) was

defined as a planned Pfannenstiel or lower midline incision

used to insert a hand-assisted working port to perform the

operation laparoscopically. Laparoscopic-converted (LC)

was defined as any unplanned incision—due to failure to

progress or technical difficulties—that was used to com-

plete the dissection, mobilization, vessel ligation, or tran-

section of the bowel or any incision[5 cm.

Immunosuppression was defined as any of the follow-

ing: steroid equivalent of C5 mg of prednisone daily for

longer than 3 weeks, chemotherapy within 6 weeks of the

operation, methotrexate or other disease-modifying

rheumatoid agents, transplant medications, or biologics.

Vessel ligation

The ileocolic arcade was preserved or divided according to

surgeon preference. The middle colic and the inferior

mesenteric or superior rectal vessels were divided with a

low ligation. The remainder of the mesentery was distally

divided, close to the colon wall.

Table 1 Literature review of energy sources in laparoscopic TPC

Study design Intervention Patients (n) Results

Araki et al.

[8]

Retrospective aEBVS versus aUCS,

vessel ligation

18 EBVS versus

15 UCS

EBVS: less operative time, estimated

blood loss, postoperative bleeding

Marcello

et al. [10]

Prospective randomized trial with a

total colectomy subgroup

EBVS versus aES or
aEC, vessel ligation

b13 EBVS versus

10 ES or EC

EBVS: fewer vessel ligation failures,

similar operative time

Nakajima

et al. [9]

Retrospective EBVS versus UCS,

vessel ligation

37 EBVS versus

29 UCS

EBVS: less operative time, estimated

blood loss

a EBVS electrothermal bipolar vessel sealers, UCS ultrasonic coagulating shears, ES endoscopic stapler, EC endoscopic clips
b The subgroup of total colectomy only (total abdominal colectomy n = 7, total proctocolectomy n = 16)
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The vessel ligation technique was at the discretion of the

surgeon. Methods of vessel ligation were grouped into one

of three categories: (1) electrothermal bipolar vessel

sealers (EBVS), using 5- or 10-mm instruments with three

lines of overlapping sealing applications; (2) endoscopic

staplers (ES), using 45- or 60-mm endoscopic linear cutters

with a vascular 1.0-mm staple height cartridge; or (3) hy-

brid techniques (HT), using more than one vascular liga-

tion method primarily (not due to management of a device

failure) including EBVS, ES, EC, and/or UCS. Vessel

ligation failure was defined as bleeding due to a failure to

adequately ligate a vascular pedicle, which necessitated

additional vessel ligation maneuvers.

Outcomes

The primary outcome was operative time and was defined

as the time from skin incision to skin closure. The sec-

ondary outcomes included failure of vessel ligation, esti-

mated blood loss, intra-operative transfusions, intra-

operative complications, length of incision, and postoper-

ative outcomes. The estimated blood loss was prospec-

tively collected by measuring irrigation fluid and weighing

surgical sponges. A chart review was conducted to ascer-

tain vessel ligation technique and management of failed

vascular pedicle ligations. Length of incision was measured

at the end of the operation and prospectively recorded.

Postoperative outcomes were collected by chart review and

included length of stay, prolonged ileus (defined by

placement of a nasogastric tube or need for parenteral

nutrition), readmission (within 30 days postoperatively),

reoperation (within 30 days postoperatively), and overall

30-day postoperative morbidity. The following specific

postoperative complications were evaluated: wound infec-

tions, anastomotic leaks, intra-abdominal or pelvic

abscesses, anastomotic bleeds, intra-abdominal bleeds, and

medical complications including pneumonia, deep vein

thrombosis, urinary tract infection, pulmonary embolism,

and myocardial infarction.

Statistical analysis

Data are presented as means with standard deviations,

medians with interquartile ranges, or percentages as

appropriate. LTPC cases performed with EBVS, ES, or HT

were compared using the Chi-square trend, one-way

ANOVA, and Kruskal–Wallis tests where appropriate. A

multiple linear regression model was constructed, includ-

ing any variable thought to be clinically relevant a priori

and those that were significant on univariate analysis at a

p value \0.10. As our main interest was the effect of

EBVS, for the purpose of the multiple linear regression, we

grouped ES and HT together, comparing EBVS to all other

techniques. Statistical analyses were performed using

JMP� 11 (SAS Institute Inc., Cary, NC, 1989–2007).

Results

One hundred forty-five patients underwent a LTPC

between 2002 and 2011, of whom 126 had an IPAA with a

diverting ileostomy and 19 had an end ileostomy. The

mean age was 42 (±16.6) years, and 50 % were male. The

indications for LTPC were mucosal ulcerative colitis

(79 %), familial adenomatous polyposis (11 %), Crohn’s

disease (7 %), polyps (2 %), and collagenous colitis (1 %).

The distribution of surgical approaches was as follows:

total laparoscopic (15 %), laparoscopic-assisted (45 %),

hand-assisted (32 %), and laparoscopic-converted (8 %).

Patients were divided into three groups based on laparo-

scopic vessel ligation technique: EBVS (n = 110, 76 %),

ES (n = 18, 12 %), and HT (n = 17, 12 %).

All three groups were similar in age, gender, body mass

index (BMI), American Society of Anesthesiologists

(ASA) class, immunosuppression at the time of colectomy

or within 6 weeks prior to colectomy, and history of prior

abdominal surgery (Table 2). The use of EBVS or ES for

vessel ligation was more likely to be performed by a high-

LTPC volume surgeon compared to HT (87 vs. 83 vs.

59 %, respectively; p = 0.030), while EBVS were more

commonly employed in the high-LTPC volume years than

ES or HT (86 vs. 22 vs. 18 %, respectively; p\ 0.0001).

Accordingly, the use of EBVS increased throughout the

study period (Fig. 1).

On univariate analysis, EBVS was associated with sig-

nificantly shorter median operative times (247 vs. 290 vs.

300 min, p = 0.018) and fewer vessel ligation failures (1 vs.

11 vs. 12 %, p = 0.027) compared with ES and HT,

respectively. Vessel ligation failure was managed with an

endoscopic stapler in the sole case of EBVS failure, and by

endoscopic clips or conversion to open ligature technique in

the two cases of ES failure and in the two cases of HT failure,

respectively. EBVS were also associated with a shorter

length of incision (7.0 vs. 9.0 vs. 13.0 cm, p = 0.0025)

compared with the ES and HT approach. There were no

differences in estimated blood loss and intra-operative

complications between the three groups (Table 3). Postop-

erative outcomes, including length of stay, 30-day morbid-

ity, and 30-day re-operation rates, were also similar

(Table 4). Only 30-day re-admission rates were fewer in the

EBVS group (42 vs. 61 vs. 71 %, p = 0.039). When per-

forming the same univariate analysis with respect to opera-

tive time as the dependent variable, BMI[ 25 kg/m2 (280

vs. 240 min, p = 0.008) and low-LTPC volume surgeon

(280 vs. 250 p = 0.05) were predictive of significantly

longer operative times. Laparoscopic approach—namely a

2842 Surg Endosc (2016) 30:2840–2847
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TL, LA, or HA approach—had no significant impact

(257 vs. 244 vs. 260 min, p = 0.60). Similarly, high-

LTPC volume years (2008–2011) were not predictive of

shorter operative time (248 vs. 270, p = 0.086), as can

be observed in Fig. 2.

In order to control for the confounding effect of LTPC

volume on operative time, a multiple linear regression

model to predict operative time was constructed. After

accounting for age, BMI, type of laparoscopic approach,

high-LTPC volume surgeons, and years, the use of EBVS

remained a significant predictor of shorter operative times

(p = 0.019). In addition, BMI (p = 0.0002) was also a

significant predictor of shorter operative times (Table 5).

Discussion

LTPC involves the division and ligation of multiple large

vessels and a lengthy mesentery, the approaches which can

vary by surgeon. Currently, the multiple options for vessel

ligation during laparoscopic colectomies include EBVS,

ES, EC, and UCS. Furthermore, some surgeons opt to

Table 2 Patient and operative characteristics

EBVS

n = 110

ES

n = 18

HT

n = 17

Total

n = 145

p value

Mean age (years) 44 (±16.8) 36 (±16.0) 37 (±14.1) 42 (±16.6) 0.056

Male 58 (53 %) 8 (44 %) 6 (35 %) 72 (50 %) 0.29

BMI (kg/m2) 24.7 (±5.0) 21.7 (±6.0) 23.3 (±5.6) 24.3 (±5.2) 0.38

ASA class 0.75

I 13 (12 %) 4 (22 %) 3 (18 %) 20 (14 %)

II 78 (71 %) 12 (67 %) 12 (71 %) 102 (70 %)

III 19 (17 %) 2 (11 %) 2 (11 %) 23 (16 %)

IV 0 (0 %) 0 (0 %) 0 (0 %) 0 (0 %)

Diagnosis 0.11

MUC 90 (82 %) 15 (83 %) 10 (59 %) 114 (79 %)

FAP 10 (9 %) 3 (17 %) 3 (18 %) 16 (11 %)

CD 7 (6 %) 0 (0 %) 3 (18 %) 10 (7 %)

Polyps 3 (3 %) 0 (0 %) 0 (0 %) 3 (2 %)

Collagenous colitis 0 (0 %) 0 (0 %) 1 (6 %) 1 (1 %)

Procedure 0.49

TPC w/IPAA 95 (86 %) 17 (94 %) 14 (82 %) 126 (87 %)

TPC w/EI 15 (14 %) 1 (6 %) 3 (18 %) 19 (13 %)

Laparoscopic approach 0.41

TL 18 (16 %) 3 (17 %) 1 (6 %) 22 (15 %)

LA 48 (44 %) 11 (61 %) 7 (41 %) 66 (45 %)

HA 37 (34 %) 3 (17 %) 6 (35 %) 46 (32 %)

LC 7 (6 %) 1 (6 %) 3 (18 %) 11 (8 %)

Prior abdominal surgery 5 (5 %) 0 (0 %) 0 (0 %) 5 (3 %) 0.24

Immunosuppression 60 (58 %) 8 (47 %) 7 (50 %) 75 (52 %) 0.65

Anastomosisa 0.41

Stapled 91 (96 %) 17 (100 %) 13 (93 %) 121 (96 %)

Hand-sewn 4 (4 %) 0 (0 %) 1 (7 %) 5 (4 %)

High-LTPC volume surgeon 96 (87 %) 15 (83 %) 10 (59 %) 121 (83 %) 0.030

Year of OR <0.0001

Low-LTPC volume years (2002–2007) 15 (14 %) 14 (78 %) 14 (82 %) 35 (30 %)

High-LTPC volume years (2008–2011) 95 (86 %) 4 (22 %) 3 (18 %) 102 (70 %)

Bold values indicate statistical significance (p\ 0.05)
a Only for cases of total proctocolectomy (TPC) ileal pouch–anal anastomosis (w/IPAA); EBVS electrothermal bipolar vessel sealers, ES,

endoscopic stapler, HT hybrid techniques, LTPC laparoscopic total proctocolectomy, LA laparoscopic-assisted, TL total laparoscopic, HA hand-

assisted, LC laparoscopic conversion, UCS ultrasonic coagulating shears, MUC mucosal ulcerative colitis, FAP familial adenomatous polyposis,

CD Crohn’s disease, BMI body mass index, ASA American Society of Anesthesiologists
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Fig. 1 Use of electrothermal

bipolar vessel sealers (EBVS)

over the duration of the study

period

Table 3 Intra-operative outcomes of laparoscopic TPC

EBVS

n = 110

ES

n = 18

HT

n = 17

Total

n = 145

p value

Median operative time, min (IQR) 247 (240–290) 290 (240–315) 300 (270–310) 255 (240–300) 0.018

Median estimated blood loss (mL) 200 (100–250) 175 (150–250) 250 (113–400) 200 (100–250) 0.21

Failed vessel ligation 1 (1 %) 2 (11 %) 2 (12 %) 5 (3 %) 0.027

Other intra-operative complications 2 (2 %) 0 (0 %) 0 (0 %) 2 (1 %) 0.57

Median incision length, cm 7 (6–10) 9 (7–12) 13 (8–16) 8 (7–11) 0.0025

Intra-operative transfusion 2 (2 %) 0 (0 %) 3 (18 %) 5 (3 %) 0.022

Bold values indicate statistical significance (p\ 0.05)

EBVS electrothermal bipolar vessel sealers, ES endoscopic stapler, HT hybrid techniques

Table 4 Postoperative

outcomes following

laparoscopic TPC

EBVS

n = 110

ES

n = 18

HT

n = 17

Total

n = 145

p value

Median length of stay, days 7 (5–10) 5 (4–7) 7 (6–8) 6 (5–9) 0.063

30-day morbidity 33 (30 %) 4 (22 %) 4 (24 %) 41 (28 %) 0.71

Surgical

Wound infection 10 (9 %) 2 (11 %) 1 (6 %) 13 (9 %) 0.85

Abscess 12 (11 %) 3 (18 %) 2 (13 %) 17 (12 %) 0.78

Anastomotic leak 4 (4 %) 0 (0 %) 1 (6 %) 5 (3 %) 0.47

Anastomotic bleed 1 (1 %) 0 (0 %) 0 (0 %) 1 (1 %) 0.76

Intra-abdominal bleed 0 (0 %) 0 (0 %) 0 (0 %) 0 (0 %) /

Ileus 28 (26 %) 3 (17 %) 3 (18 %) 34 (23 %) 0.58

Medical

Pneumonia 4 (4 %) 0 (0 %) 0 (0 %) 4 (3 %) 0.34

DVT 6 (6 %) 0 (0 %) 0 (0 %) 6 (4 %) 0.19

UTI 7 (7 %) 0 (0 %) 0 (0 %) 7 (5 %) 0.14

PE 2 (2 %) 0 (0 %) 0 (0 %) 2 (1 %) 0.57

MI 0 (0 %) 0 (0 %) 0 (0 %) 0 (0 %) /

30-day re-operation 9 (8 %) 1 (6 %) 1 (6 %) 11 (8 %) 0.88

30-day re-admission 46 (42 %) 11 (61 %) 12 (71 %) 69 (48 %) 0.039

30-day mortality 0 (0 %) 0 (0 %) 0 (0 %) 0 (0 %) /

Bold value indicates statistical significance (p\ 0.05)

EBVS electrothermal bipolar vessel sealers, ES endoscopic stapler, HT hybrid techniques, DVT deep vein

thrombosis, UTI urinary tract infection, PE pulmonary embolus, MI myocardial infarction

2844 Surg Endosc (2016) 30:2840–2847
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mobilize the colon laparoscopically and complete part or

all of the vessel ligation with open vascular ligature. In an

attempt to standardize instrumentation and identify the

optimal technique to improve operative outcomes, studies

have investigated the benefits of different methods, but few

have reported on this subject specifically in proctocolec-

tomies. To our knowledge, this is the largest study to date

to address the impact of vessel ligation technique on LTPC

outcomes. We addressed this question in a large cohort of

LTPC cases performed in one institution and found the use

of EBVS for vessel ligation to be a predictor of shorter

operative time.

Akari et al. [8] were the first group to evaluate vessel

ligation technique for LTPC. They compared 18 cases using

EBVS to 15 using UCS—all of which were performed for

ulcerative colitis—and observed a shorter operative time

(approximately 80 min), less estimated blood loss, and less

postoperative bleeding in the EBVS group. Marcello et al.

[10] prospectively evaluated the impact of energy devices

on outcomes of 100 laparoscopic colectomies, randomizing

52 patients to EBVS and 48 to ES or EC. They reported

their results both as a whole cohort of 100 patients and by

type of colectomy. A subgroup of 23 patients underwent

total colectomy, including 16 LTPC, and investigators

observed a reduced operative time of around 30 min with

EBVS, though statistical significance was not achieved.

They also reported fewer ligation failures (1.2 vs. 12 %) and

a significant mean cost saving of 248$ per total colectomy

in the EBVS group. However, this study was not powered to

detect significant differences within each subgroup, and

furthermore, the LTPC cases could not be isolated from the

laparoscopic total abdominal colectomies. Finally, in 2010,

Nakajima et al. [9] included 66 cases of LTPC in their

retrospective study, comparing 37 performed with EBVS to

29 with UCS. They demonstrated a shorter operative time of

almost 90 min in the EBVS group, as well as less estimated

blood loss.

To our knowledge, the present study of 145 patients is

the largest to date to address the impact of vessel ligation

techniques on the outcomes of LTPC. We found that the

use of EBVS for vessel ligation shortened operative time,

with a reduction of 40–50 min when compared to ES or

HT. This effect persisted on multiple linear regression

analysis, indicating that EBVS had a statistically significant

independent impact on operative time. This observed

reduction in operative time can be explained, namely by

reduced instrument changes and fewer ligation failures

(and subsequent irrigation, suction, and re-ligation).

Additionally, vessel ligation by ES necessitates isolation of

the vascular pedicle, creation of a mesenteric window on

either side of the blood vessel, followed by ligation and

division, which can contribute to a significant duration of

time in a TPC where there are multiple vessels to ligate. In

contrast, vessel ligation by EBVS may be by mass ligation

or by mere identification of the vascular pedicle prior to

ligation and division.

Fig. 2 Median operative times

over the duration of the study

period

Table 5 Multiple linear

regression model to predict

operative time

Estimate Standard error Confidence interval p value

EBVS -16.3 6.9 2.6 to 30.0 0.019

High-LTPC volume surgeon 3.6 4.8 -5.9 to 13.1 0.45

Year -1.2 3.36 -7.9 to 5.4 0.72

BMI (per increase in unit of kg/m2) 3.5 0.98 1.5 to 5.4 0.0002

Laparoscopic approach -10.6 6.8 -24.2 to 2.9 0.12

Age 0.13 0.30 -0.46 to 0.73 0.66

Bold values indicate statistical significance (p\ 0.05)

EBVS electrothermal bipolar vessel sealers, BMI body mass index, LTPC laparoscopic total

proctocolectomy
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However, there are many factors other than vessel

ligation technique that may impact total operative time, and

these include surgeon experience with the case, disease

factors such as inflammation, adhesions from prior

abdominal surgeries, and patient factors such as obesity.

Our three groups of patients were similar with respect to all

patient and operative characteristics. The HT group had a

lower percentage of cases performed by the two high-

LTPC volume surgeons, but these same surgeons’ use of

EBVS and ES were similar (87 vs. 83 %, p = 0.66).

Therefore, surgeon experience cannot account for the dif-

ference in operative time observed in the EBVS and ES

groups, specifically. There was also a significant difference

in the percentage of cases performed in high-LTPC volume

years, with EBVS being increasingly employed throughout

the study period. However, we have been performing

LTPC at our institution since 1992 [12], and the period of

this study was specifically chosen to exclude the LTPC

learning curve. BMI certainly is another important pre-

dictor of operative outcomes and has been well docu-

mented in previous studies to increase both operative times

(as in the current study) and postoperative morbidity fol-

lowing TPC [13, 14]. Unfortunately, this is most often not a

modifiable factor and thus emphasizes the importance of

identifying those factors within the surgeon’s control that

may reduce operative times. In our multiple linear regres-

sion model, after accounting for all these variables, EBVS

still had a significant impact on operative time.

There are several other benefits to the use of EBVS for

vessel ligation. We observed fewer vessel ligation failures

with the use of EBVS compared to ES and HT, which is

consistent with other studies [10, 15]. EBVS utilize a high

current with a low voltage for ligation and division of

vessels up to 7 mm in diameter. When the forceps are

closed onto tissues, the energy delivered quickly denatures

the collagen and elastin in the vessel wall, allowing protein

to form a strong seal [16, 17]. Accordingly, this can also

lead to a reduction in intra-operative estimated blood loss

[8, 9], though we did not observe this trend.

In conclusion, the use of EBVS for vessel ligation

during LTPC is safe and highly successful. We have

demonstrated in a large cohort of 145 patients who

underwent LTPC that EBVS shorten operative time and are

associated with fewer vessel ligation failures. This is of

particular use for TPC cases, where the overall operative

time is longer than for segmental colectomies. However,

due to the retrospective nature of this study, a clear limi-

tation is the possibility of a selection bias, and although we

addressed the impact of specific surgeons and time within

the study period as possible confounding factors in our

analysis, this bias cannot be completely eliminated. In the

quest for continued technological advancements to

improve operative efficiency and outcomes, a large

prospective comparison of vascular pedicle ligation meth-

ods in LTPC is needed to confirm these promising results.
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