
Robotic vs. laparoscopic colorectal surgery: an institutional
experience

Gary B. Deutsch • Sandeep Anantha Sathyanarayana •

Vikraman Gunabushanam • Nitin Mishra • Eugene Rubach •

Harry Zemon • Jonathan D. S. Klein • George DeNoto III

Received: 25 July 2011 / Accepted: 27 September 2011 / Published online: 2 November 2011

� Springer Science+Business Media, LLC 2011

Abstract

Background Robotic colorectal surgery is gaining interest

in general and colorectal surgery. The use of the da Vinci�

Robotic system has been postulated to improve outcomes,

primarily by increasing the dexterity and facility with which

complex dissections can be performed. We report a large,

single institution, comparative study of laparoscopic and

robotic colectomies, attempting to better elucidate the ben-

efits of robotic surgery in patients with colorectal disease.

Methods We conducted a retrospective review of 171

patients who underwent robotic and laparoscopic colecto-

mies (79 and 92, respectively) at our institution between

November 2004 and November 2009. Patients in both

groups had well-matched preoperative parameters. All

cases were further subdivided by their anatomical location

into right-sided and left-sided colectomy, and analysis was

performed within these two subgroups. Perioperative out-

comes reported include operative time, operative blood

loss, time to return of bowel function, time to discontinu-

ation of patient controlled analgesia, length of stay, and

intraoperative or postoperative complications.

Results Our results indicate that there is no statistical

difference in length of stay, time to return of bowel func-

tion, and time to discontinuation of patient-controlled

analgesia between robotic and laparoscopic left and right

colectomies. Interestingly, the total procedure time differ-

ence between the laparoscopic and robotic colectomies was

much smaller than previously published accounts (mean

140 min vs. 135 min for right colectomy; mean 168 min

vs. 203 min for left colectomy).

Conclusions Our study is one of the largest reviews of

robotic colorectal surgery to date. We believe that our

results further demonstrate the equivalence of robotic sur-

gery to laparoscopic surgery in colorectal procedures.

Future research should focus on surgeon-specific variables,

such as comfort, ergonomics, distractibility, and ease of

use, as other ways to potentially distinguish robotic from

laparoscopic colorectal surgery.
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Robotic colorectal surgery is gaining interest in general and

colorectal surgery. The da Vinci� Robotic system (Intui-

tive Surgical Inc., Sunnyvale, CA), currently the only

commercially available telerobotic technology on the

market, has been postulated to improve outcomes over

traditional open and laparoscopic surgery, primarily by

increasing the dexterity and facility with which complex

dissections are performed. Theoretical advantages for the

surgeon include [1, 2]:

• A stereoscopic, three-dimensional view allowing for

complete immersion in the operative field

• Special articulating instrumentation offering multiple

additional degrees of freedom

• Motion scaling permitting more precise dissection

• Ergonomic operative position for increased comfort
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Surprisingly, the theoretical promise of robotics has not

yet fully penetrated the practice of general surgery. The

current literature has not demonstrated any measurable

difference for operative and postoperative outcomes

between patients with benign or malignant colon disease

who undergo laparoscopic and robotic procedures [3–5].

However, only a handful of published accounts involving

robot-assisted colorectal surgery exist, composed mainly of

case reports and series [6–8], and these are fraught with

selection bias, small sample sizes, and pooled institutional

data. We report a large, single institution, comparative

study of laparoscopic and robotic colectomy, attempting to

better elucidate the benefits of robotic surgery in patients

with colorectal disease.

Materials and methods

We conducted a retrospective review of 171 patients who

underwent robotic and laparoscopic colectomies (79 and

92, respectively) at our institution between November 2004

and November 2009. Experienced general surgeons,

trained in minimally invasive techniques using laparo-

scopic and robotic technology, performed all procedures.

The study was approved by the North Shore–Long Island

Jewish Health System Institutional Review Board (IRB

Protocol #09-160).

The two groups, laparoscopic colectomies and robotic

colectomies, were further divided by their anatomical

location into right-sided colectomy and left-sided colec-

tomy. Charts were reviewed and the following patient

characteristics were compiled: age, sex, body mass index

(BMI; calculated as weight in kilograms divided by height

in meters squared), American Society of Anesthesiology

(ASA) score, past medical and surgical history, indication

for surgery, and tumor staging (using TNM system, if

applicable). Perioperative outcomes included operative

time (in minutes), operative blood loss (in milliliters), time

to return of bowel function (in days), time to discontinu-

ation of patient controlled analgesia (in days), length of

stay (in days), and intraoperative or postoperative

complications.

Definitions

Left-sided colectomies were defined as left hemicolecto-

mies, sigmoid colectomies, anterior resections, and low

anterior resections. Right-sided colectomies were defined

as ileocolic resections, right hemicolectomies, and exten-

ded right hemicolectomies. The indication for surgery was

grouped into one of four categories: diverticulitis, benign

tumor, malignant tumor, and other (Crohn’s disease,

diverticulosis, arteriovenous malformation, etc.). Operative

blood loss totals were collected from the anesthesia record.

Intraoperative complications and postoperative complica-

tions were obtained from the official operative dictation

report and from the patient chart with a minimum 6-month

follow-up period.

Statistical analysis

To establish baseline comparability of the two main treat-

ment groups, chi-square testing was employed for categor-

ical variables (i.e., sex) and analysis of variance (ANOVA)

was used for continuous variables (i.e., age, BMI). Results

were separated by right and left side and were reported as

mean, median, standard deviation, and range. SAS Version

9.2 (Cary, NC: SAS Institute, 2002–2008) was used to

analyze the data. A P value \ 0.05 was considered statis-

tically significant. The Cox proportional hazards regression

method was utilized to determine whether the procedure

was associated with time to event (i.e., discharge, recovery

of bowel function, and patient-controlled analgesia dis-

continuance). Subjects who did not reach the event by the

close of the study were considered censored. Analysis of

Covariance (ANCOVA) was used to examine the effects of

surgical procedure on operative time and estimated blood

loss. Covariates found to be significantly different in the

univariate screening were entered into a multivariate anal-

ysis to control for their confounding effects. In addition,

subgroup analyses were performed to establish any potential

differences based on BMI, ASA score, and indication for

procedure.

Operative technique

Robot-assisted sigmoid resection

Although there is slight variation based on location of

pathology, most left-sided colorectal resections are per-

formed based on eight steps. We will discuss a standard-

ized approach for the robot-assisted sigmoid resection [8].

Under general endotracheal anesthesia in the low lithotomy

position, four ports are inserted and pneumoperitoneum is

established via the 12-mm umbilical port (Fig. 1). The da

Vinci robot is brought in over the patient’s left shoulder

and docked to the three upper abdominal ports for mobi-

lization of the splenic flexure. Once the splenic flexure is

mobilized, the da Vinci robot is undocked and moved over

the patient’s left hip. The patient is then placed in the steep

Trendelenburg position, and the robot is redocked to the

three lower abdominal ports. The inferior mesenteric artery

and vein are dissected using a medial to lateral approach

and divided with a 10 mm LigaSure (Covidien, Inc.,

Dublin, Ireland) or EndoGIA 2.0 vascular stapler via the

12 mm port. The colon is then dissected off the
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retroperitoneum, and the medial and lateral peritoneal

attachments are divided. The mesorectum and rectum are

then dissected and divided with an EndoGIA 60 reticulat-

ing stapler. The specimen is retrieved through an enlarged

umbilical incision, and the anastomosis is created intra-

corporeally using a circular end-to-end anastomosis (EEA)

stapler introduced transrectally. The anastomosis is tested

with an air leak test, the ports are removed, and the port

sites are closed.

Robot-assisted right hemicolectomy

The patient is placed on the operating room table in the

supine position, and general endotracheal anesthesia is

initiated. Pneumoperitoneum is established via a 12 mm

umbilical port and subsequently, an 8 mm suprapubic port,

an 8 mm left upper quadrant port, and a 5 mm left lower

quadrant port are placed (Fig. 2). The da Vinci robot is

brought in over the patient’s right side with the patient in

slight Trendelenburg position and right side up and docked

to the three upper abdominal ports. The ileocolic artery and

vein are dissected free and divided with a 5 mm LigaSure

(Covidien, Inc.) or a vascular stapler, and the right colon is

mobilized in the medial-to-lateral direction. The mesocolic

mesentery is divided to the right of the middle colic

vessels, and the right branch is ligated. Before completing

the mobilization of the right colon, the gastrocolic and

hepatocolic ligaments are freed from their attachments. All

pneumoperitoneum is released, and the robot is undocked

from its position. The umbilical incision is enlarged, a

wound protector is placed, and the entire right colon is

exteriorized. A side-to-side functional end-to-end anasto-

mosis is created between the terminal ileum and the

proximal transverse colon with a GIA 80 and TA 90 sta-

pler, and the bowel is placed back into the abdominal

cavity. The ports are removed and the port sites are sub-

sequently closed.

Results

The demographic data for all 171 patients are compiled in

Tables 1 and 2. In the right colectomy group, laparoscopic

patients did not differ in age from robotic patients (mean,

70.8 vs. 65.2; P = 0.1516); however, in the left colectomy

group there was a statistically significant difference in age

(mean, 63.3 vs. 54.6; P = 0.0013), with robotic patients

being younger. When looking at BMI and gender, there

was no measurable difference between the groups. Based

on preoperative ASA score, the laparoscopic right

Fig. 1 Port placement for robot-assisted sigmoid colectomy. (Adapted

from DeNoto et al. A standardized technique for robotically performed

sigmoid colectomy. J Laparoendosc Adv Surg Tech A 2006;16(6):

551–556)

Fig. 2 Port placement for robot-assisted right hemicolectomy.

(Adapted from DeNoto et al. A standardized technique for robotically

performed sigmoid colectomy. J Laparoendosc Adv Surg Tech A

2006;16(6):551–556.)
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colectomy group had higher ASA class compared with the

robotic group (P = 0.0356). Indications for surgery, as one

would expect, were more heavily weighted toward benign

or malignant tumors for right colectomies and diverticulitis

for left colectomies. The specific types of procedures var-

ied but were primarily composed of right hemicolectomies

and anterior resections.

The findings from the univariate analysis are compiled

in Tables 3 and 4. The results indicate that there is no

statistical difference in length of stay, time to bowel

function, or time to discontinuation of patient-controlled

analgesia between robotic and laparoscopic left and right

colectomies. The operating room and procedure time dif-

ferences between laparoscopic and robotic right colecto-

mies were not statistically significant, whereas there was a

measurable difference in the left colectomy group favoring

laparoscopy (P \ 0.0006). The intraoperative blood loss

was significantly lower for right robotic colectomies

compared with right-sided laparoscopic procedures (mean,

74.7 vs. 123.9; P \ 0.0358). No measurable difference was

detected in estimated blood loss for left-sided colectomies.

Given the statistically significant discrepancy between the

ages of patients undergoing left-sided resections and ASA

scores of patients undergoing right-sided procedures, the

data were entered into a multivariate analysis. Even after

controlling for these variables, the results were no differ-

ent, showing no statistical difference in length of stay, time

to return of bowel function, and time to discontinuation of

patient-controlled analgesia.

There were more complications overall (Table 5) in the

right colectomy group than in the left colectomy group,

with an increased rate of postoperative ileus and bleeding

requiring transfusion (10 and 5, respectively) in the lapa-

roscopic cases. The mortality in the study was quite low,

with only one death in a patient who underwent a laparo-

scopic right hemicolectomy. The number of cancer-related

resections was disproportionate between the right and left

subgroups, and there were differences in the lymph node

Table 1 Demographics: right colectomy group

Laparoscopic Robotic P value

Age (yr)

Mean ± SD 70.8 ± 14.6 65.2 ± 12 0.1516

Median 75 68.5

Range 34-94 41-82

BMI

Mean ± SD 28 ± 6.5 25 ± 3.8 0.071

Median 27.4 23.8

Range 15.6-43.7 20.6-34.3

Sex

Female 22 6 0.3262

Male 25 12

ASA score

1–2 23 14 0.0356

3? 24 4

Indication

Diverticulitis 2 0

Benign polyp/mass 14 13

Malignancy 24 5

In situ 1 0

Stage 1 13 3

Stage 2 6 1

Stage 3? 4 1

Other 7 0

Type of procedure

Ileocolic resection 8 0

Right hemicolectomy 35 15

Single incision right

hemicolectomy

2 3

Extended right

hemicolectomy

2 0

Table 2 Demographics: left colectomy group

Laparoscopic Robotic P value

Age (yr)

Mean ± SD 63.3 ± 14.3 54. ± 12.7 0.0013

Median 650 55

Range 37–85 27–82

BMI

Mean ± SD 27.5 ± 6.8 29.1 ± 5.1 0.1753

Median 25 28.2

Range 17.4–50.4 20.9–45.1

Sex

Female 29 29 0.084

Male 16 32

ASA score

1–2 30 50 0.0703

3? 15 11

Indication

Diverticulitis 32 58

Benign polyp/mass 5 0

Malignancy 8 3

In situ 0 0

Stage 1 0 1

Stage 2 5 2

Stage 3? 3 0

Other 0 0

Type of procedure

Left hemicolectomy 1 1

Hartmann’s procedure 1 0

Anterior resection 38 58

Low anterior resection 4 2
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yields (Table 6). There was a higher yield in robotic right

colectomies (21.1 nodes) versus laparoscopic cases (18.7

nodes), but the results were not statistically significant.

A subgroup analysis was performed to test for differ-

ences between right and left laparoscopic and robotic

colectomies within a given cohort. ASA score was divided

into healthy/mild systemic disease (score 1–2) and severe

systemic disease (score 3?) to see whether patients with

multiple comorbidities did better with a specific surgical

modality. BMI was split into underweight, normal, over-

weight, and obese to evaluate whether the robot had a

differential effect on outcome in heavier patients. No sig-

nificant differences were appreciated in either subgroup

analysis. Furthermore, the indications for a procedure were

analyzed and subdivided into diverticulitis, tumor, or other.

The results did not favor the robotic technology for any

specific disease process.

Discussion

Our results indicate that there is no statistical difference in

operative time, length of stay, time to return of bowel

function, and time to discontinuation of patient-controlled

analgesia between robotic and laparoscopic right and left

colectomies. There was a statistically significant difference

in estimated blood loss in the right-sided colectomy group,

with approximately 50 ml less, on average, in robotic

cases. Although this may infer the superiority of robotic

technology for finer, more precise dissection, such a mar-

ginal difference is likely to not be clinically relevant. This

small but measurable phenomenon was not seen in the left-

sided colectomy group.

The total operating room and procedure time differences

between the laparoscopic and robotic colectomies were

much smaller than initially anticipated. In the right-sided

colectomy group, where undocking the robot is not a

requirement, we were able to achieve virtually identical

total case- and procedure-specific times between the two

groups. However, during left-sided robotic colon resections

where robot repositioning was a mandatory step, the sur-

geon’s ability to reduce operative time is more limited. Our

study data, as one would expect, show a significant dif-

ference of approximately 30 minutes in favor of the lapa-

roscopic group. Compared with previous studies of similar

methodology, our results show an improvement in the

right-sided colectomy group of up to an hour and a

Table 3 Perioperative outcomes: right colectomy group

Laparoscopic Robotic P value

Operating room time (min)

Mean ± SD 214.4 ± 63.2 219.2 ± 39.2 0.7529

Median 197 213.5

Range 122–400 162–301

Procedure time (min)

Mean ± SD 140.3 ± 42.3 134.7 ± 28.8 0.5101

Median 131 137

Range 80–290 77–180

Length of stay (days)

Mean ± SD 6.3 ± 6.4 4.3 ± 2.5 0.1328

Median 5 3

Range 3–45 2–11

Time to return of bowel function (days)

Mean ± SD 3.6 ± 1.5 3 ± 0.8 0.1377

Median 3 3

Range 2–8 2–5

Time to PCA discontinuance (days)

Mean ± SD 2.2 ± 1.9 2.1 ± 1.1 0.8803

Median 2 2

Range 0–9 0–5

Estimated blood loss

Mean ± SD 123.2 ± 89.7 76.4 ± 48.9 0.0358

Median 100 50

Range 20–400 50–200

Table 4 Perioperative outcomes: left colectomy group

Laparoscopic Robotic P value

Operating room time (min)

Mean ± SD 254.7 ± 53.3 289.7 ± 61.8 0.0006

Median 245 278

Range 154–374 195–519

Procedure time (min)

Mean ± SD 167.8 ± 48.9 203 ± 55.5 0.0006

Median 157 194

Range 93–337 107–410

Length of stay (days)

Mean ± SD 4.2 ± 1.2 4.1 ± 1.5 0.7067

Median 4 4

Range 2–8 2–9

Time to return of bowel function (days)

Mean ± SD 3.2 ± 1.1 3.1 ± 1.1 0.6605

Median 3 3

Range 2–6 1–6

Time to PCA discontinuance (days)

Mean ± SD 2.2 ± 0.8 2.2 ± 0.9 0.8566

Median 2 2

Range 1–5 0–5

Estimated blood loss

Mean ± SD 129.6 ± 99.2 116.4 ± 104.7 0.591

Median 100 100

Range 50–500 50–800
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decrease in time by as much as 40 minutes in the left-sided

colectomy cohort (Table 7) [4, 5, 9]. Others have proposed

recently performing a completely robotic left-sided colec-

tomy and rectal resection without the need for reposition-

ing the robot, which could potentially decrease operative

time even more [10]. As surgeon experience with robotic

technology increases, operative times decrease, especially

highlighted during right-sided colon resections. Previous

studies have looked specifically for the presence of a

learning curve, finding it to be approximately 15 to 25

cases [11].

One of the possible limitations of our study was the

discrepancy in ASA score in the right-sided colectomy

group (P \ 0.0356) and age in the left-sided colectomy

group (P \ 0.0013). This likely represents a surgeon

selection bias. At the beginning of the learning curve,

younger and healthier patients were more likely to be

viewed as candidates for robotic procedures than their

older, sicker counterparts. As experience with the robot

increased, more difficult cases were being evaluated for the

robotic modality. To address this issue, we performed a

multivariate analysis controlling for all potential con-

founders. The results of this calculation also confirmed that

there was no statistically significant difference between

laparoscopic and robotic colectomy outcomes. We also set

out to distinguish the utility of robotic surgery in distinct

cohorts of patients, specifically analyzing the outcomes in

patients with different BMIs or with a specific indication

for surgery (e.g., diverticulitis, cancer). The results of our

subgroup analysis did not shed any light on which specific

cohort of patients may benefit from this modality. Others

have similarly shown the feasibility of robotic surgery in

colorectal cancer and diverticular disease but have been

unable to establish superiority [10, 12, 13]. Our study does

not address the issue of cost, which includes both the initial

purchase of the robotic technology as well as ongoing

equipment expenditures. At this time, cost considerations

certainly weigh in favor of laparoscopy given the current

price of robotic technology. However, as the adoption of

the robot increases during the next decade, marginal costs

will continue to decrease.

Complications were very similar between the laparo-

scopic and robotic cases, with the exception of postoper-

ative ileus and bleeding, which were higher in the

laparoscopic group, although this was not analyzed for

statistical significance. These findings are consistent with

our belief that robotic surgery allows for more precise,

meticulous dissection. Future prospective, randomized tri-

als may help to confirm these findings. The conversion

rates to standard laparoscopy were similar in both right and

left robotic groups. The two conversions in the right-sided

colectomy group were to laparoscopic single-incision right

hemicolectomy, both secondary to technical difficulties

with the robot. In the left-sided colectomy group, one case

was converted to hand assist secondary to difficulty with

dissection and the other was converted to open secondary

to the extensive nature of the disease process (diverticuli-

tis). Lymph node yields were slightly higher in the right-

sided colectomy cohort, although no statistical analysis was

performed to assess significance. The findings in the

left-sided colectomy group were discordant, with the lap-

aroscopic colectomies producing a considerably higher

number of lymph nodes (30 vs. 10). We believe that this

discrepancy can be attributed to the way the pathologist

analyzed the specimens. The robotic left-sided colectomies

were almost entirely performed for diverticular disease and

therefore extensive lymph node retrieval was not indicated.

Further studies looking specifically at lymph node yields

may help to clarify this data.

The usage of the robot in colorectal procedures is still in

its infancy and many believe that it has a promising future

Table 5 Intraoperative and postoperative complications

Laparoscopic Robotic

Right colectomy

Conversion to alternate type of procedure 0 2

Bleeding requiring transfusion 5 2

Postoperative ileus 10 2

Incisional hernia 2 0

Cardiopulmonary complication 2 0

Intraabdominal collection 0 1

Anastomotic leak 1 1

Death 1 0

Left colectomy

Conversion to alternate type of procedure 0 2

Bleeding requiring transfusion 0 1

Equipment malfunction 0 1

Air leak detected 0 1

Postoperative ileus 1 1

Wound infection 1 1

Incisional hernia 2 1

Cardiopulmonary complication 1 1

Intraabdominal collection 2 2

Anastomotic stricture 1 1

Deep vein thrombosis 0 1

Death 0 0

Table 6 Lymph node yields

Laparoscopic Robotic

Right colectomy 18.7 21.1

Left colectomy 30 10
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[14]. Although there are no proven indications at this time,

we feel that there may be great intangible benefit. The

performance of the robotic colectomy, specifically right

hemicolectomy, can help to facilitate competence during

the learning curve for other robotic procedures [15, 16].

Furthermore, the robot has been shown to be useful in

resident training, easing the transition from open to other

forms of minimally invasive surgery [17]. Another area

that is largely unexplored is the relationship between a

surgeon’s comfort and distractibility and surgical outcomes

both currently and over an entire career. It is widely

accepted that the ergonomics of laparoscopic surgery are

not ideal and can cause various physical ailments [18–20].

We believe that future studies should focus on these

measures by surveying minimally invasive surgeons to

draw conclusions about the utility of the robot in extending

career performance.

There is evidence to support the use of the robot when

operating in the pelvis, specifically while performing rectal

and low rectal procedures, where dissection and operation

is extremely difficult and dangerous [21, 22]. Whereas

other studies have validated this conclusion for prostatec-

tomy, they have not confirmed a benefit during proctec-

tomy [23]. In the proximal gastrointestinal tract, certain

benefits can be derived when performing a Heller myotomy

or gastrectomy, such as lower risk of perforation and

shorter recovery time and length of stay [24]. Overall, lack

of significant clinical benefits of robotic colorectal surgery

over conventional laparoscopic approaches is not surpris-

ing. After all, the robotic telemanipulator is simply a tool in

the armamentarium of laparoscopic colorectal surgeons

that allows for easier performance of the same laparoscopic

colon resections commonly performed with conventional

instruments.

Conclusions

Our study is one of the largest reviews of robotic colorectal

surgery to date. We believe that our results demonstrate the

equivalence of robotic surgery to laparoscopic surgery in

colorectal procedures. Future research should focus on

surgeon-specific variables, such as comfort, ergonomics,

distractibility, and ease of use, as other ways to potentially

distinguish robotic from laparoscopic colorectal surgery.
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