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Abstract

Importance Robotic colorectal resection continues to gain

in popularity. However, limited data are available regard-

ing how surgeons gain competency and institutions develop

programs.

Objective To determine the number of cases required for

establishing a robotic colorectal cancer surgery program.

Design Retrospective review.

Setting Cancer center.

Patients We reviewed 418 robotic-assisted resections for

colorectal adenocarcinoma from January 1, 2009, to

December 31, 2014, by surgeons at a single institution. The

individual surgeon’s and institutional learning curve were

examined. The earliest adopter, Surgeon 1, had the highest

volume. Surgeons 2–4 were later adopters. Surgeon 5

joined the group with robotic experience.

Interventions A cumulative summation technique

(CUSUM) was used to construct learning curves and define

the number of cases required for the initial learning phase.

Perioperative variables were analyzed across learning

phases.

Main outcome measure Case numbers for each stage of the

learning curve.

Results The earliest adopter, Surgeon 1, performed 203

cases. CUSUM analysis of surgeons’ experience defined

three learning phases, the first requiring 74 cases. Later

adopters required 23–30 cases for their initial learning

phase. For Surgeon 1, operative time decreased from 250 to

213.6 min from phase 1–3 (P = 0.008), with no significant

changes in intraoperative complication or leak rate. For

Surgeons 2–4, operative time decreased from 418 to

361.9 min across the two phases (P = 0.004). Their

intraoperative complication rate decreased from 7.8 to 0 %

(P = 0.03); the leak rate was not significantly different

(9.1 vs. 1.5 %, P = 0.07), though it may be underpowered

given the small number of events.

Conclusions Our data suggest that establishing a robotic

colorectal cancer surgery program requires approximately

75 cases. Once a program is well established, the learning

curve is shorter and surgeons require fewer cases (25–30)

to reach proficiency. These data suggest that the institu-

tional learning curve extends beyond a single surgeon’s

learning experience.

Keywords Rectal cancer � Laparoscopy � Robotics �
Learning curve

Robotic colorectal surgery has gained popularity in the

treatment of both benign and neoplastic diseases since its

introduction [1, 2]. Its potential advantages over traditional

open and laparoscopic surgery include enhanced dexterity,

stable retraction, a stable, three-dimensional (3-D), sur-

geon-controlled camera platform, and improved ergo-

nomics for the surgeon [3, 4]. For these reasons, the use of

robotics in pelvic surgery has increased dramatically over

the past several years [5].

With the development of every new surgical method or

tool comes a period of acquisition to attain surgical profi-

ciency. This period allows a surgeon to become increas-

ingly familiar with the fine details of robotic technique, in

order to use it successfully and efficiently even in extre-

mely complex cases. This is known as a ‘‘surgical learning

curve’’ and is usually defined by the number of cases
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required for proficiency. The reported number of cases

required in order to attain proficiency in laparoscopic and

robotic colorectal resection is wide-ranging [6]. Although

the learning curve is usually surgeon dependent, robotic-

assisted resections rely on other variables inherent to the

institution. As such, we hypothesize that the individual

surgeon’s learning curve likely depends on the institution’s

program. In this study, we aimed to define both a surgeon-

specific and an institutional learning curve for robotic-as-

sisted colorectal cancer resections, based on data gathered

retrospectively from a single high-volume center.

Materials and methods

This is a retrospective analysis of patients who underwent

elective colorectal resections for colon and rectal adeno-

carcinoma over a 6-year period (from January 1, 2009, to

December 31, 2014) by five surgeons beginning learning

curves at different time periods. All resections were per-

formed at Memorial Sloan Kettering Cancer Center

(MSKCC). An institutional review board-approved waiver

allowed the collection of data from the patients’ electronic

medical records and operative reports. CPT codes 44204,

44207, and 44208 were used to query the institutional

database. All cases were reviewed manually; all laparo-

scopic cases, and cases in which the diagnosis was not

adenocarcinoma of the colon or rectum, were excluded.

Additionally, patients with any lesions found proximal to

the splenic flexure (based on the operative reports) were

excluded. This limited our population to patients under-

going resection for adenocarcinoma through a robotic-as-

sisted left colectomy, anterior resection, or low anterior

resection. Surgeons who had performed fewer than 40

resections at the time of analysis were excluded. All co-

surgeon cases initially performed by a novice surgeon, with

an experienced surgeon assisting, were excluded.

Variables collected and analyzed included patient age,

gender, body mass index (BMI), American Society of

Anesthesiologists (ASA) score, histologic diagnosis, loca-

tions of rectal lesions, and use of neoadjuvant therapy.

Rectal cancer was defined as any lesion situated \15 cm

from the anal verge, as documented on proctoscopy by the

attending surgeon. Neoadjuvant therapy included

chemoradiotherapy, alone or in combination with induc-

tion/consolidation chemotherapy. Operative characteristics

evaluated included operative time, defined as the time from

the initial incision to the end of the operation, including

docking times; estimated blood loss (EBL); type of anas-

tomosis (hand-sewn or stapled); diversion with an ileost-

omy; intraoperative complications and conversions;

extensive lysis of adhesions, as documented by the

attending physician; and any secondary procedures. Data

on major postoperative complications were also collected.

Splenic flexure mobilization data were recorded as it

related to the method of mobilization, whether robotic or

laparoscopic.

Surgical technique

All resections were performed in medial-to-lateral fashion

utilizing the da Vinci� Surgical System STM or SiTM (In-

tuitive Surgical�, Sunnyvale, CA). Initially, cases were

performed in a hybrid fashion, in which mesenteric vessel

ligation and splenic flexure mobilization, when necessary,

were performed laparoscopically, and pelvic dissection

performed robotically, with between-the-leg docking.

However, all surgeons eventually converted to the cur-

rently preferred method of single-stage robotic surgery,

which does not require movement of the robotic cart, but

rather repositioning of the robotic arms after splenic flexure

mobilization and before pelvic dissection [7–10]. In this

technique, a 12-mm supra-umbilical port was used to

access the peritoneum and place the 0� robotic camera.

Two right abdominal 8-mm ports, one in the right lower

quadrant and one subcostal, were utilized for inferior

mesenteric artery (IMA) and inferior mesenteric vein

(IMV) identification, mobilization and ligation, with the

aid of one, and sometimes two 5-mm assistant ports in the

right abdomen. The splenic flexure was mobilized using

these ports in a medial-to-lateral fashion, by gaining access

to the lesser sac just above the pancreas after ligating the

IMV at its origin. The robotic arms were then undocked

and rotated to include two left lower quadrant 8-mm ports

for total mesorectal excision, rectal division, and anasto-

mosis. Anastomoses were completed using a double-sta-

pling technique or a hand-sewn method when

intersphincteric dissection was required. Diverting ileos-

tomies were created at the discretion of the operating

surgeon.

Statistical analysis

To construct learning curves and determine the number of

cases required to reach certain phases within it, a cumu-

lative sum technique (CUSUM) was used, similar to that

described by Bokhari et al. [11]. This is a sequential

analysis of a given variable, which in our analysis is

operative time over a series of events, or operations. It

facilitates the establishment of variations in performance.

The curve is constructed as a running total of consecutive

differences between each individual data point and the

mean of all data points [12, 13]. To allow comparison of

the learning experiences of all surgeons over the study

period, the CUSUM curves for each surgeon were adjusted

for time by replacing each event, or operation, by the actual
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date of the operation. This allows for each CUSUM curve

to be plotted as the learning experience of each surgeon

progresses over time. Continuous data variables were

compared by ANOVA analysis, while the Pearson’s Chi-

square test or Fisher’s exact test was used for categorical or

binary data set comparison. A P value\0.05 was consid-

ered statistically significant.

Results

A total of 438 cases were initially collected, based on the

selection criteria. After excluding surgeons who had per-

formed fewer then 40 cases, as well as initial co-surgeon

mentoring cases, 418 cases performed by five surgeons

were analyzed. Surgeon 1, the earliest adapter of the

robotic technique, performed the largest number of resec-

tions (203). Surgeon five was an experienced robotic sur-

geon who joined the institution in 2012 (Fig. 1).

The cohort comprised a higher number of males; aver-

age age was 55 ± 13.4 years; average BMI was

27.7 ± 5.7 kg/m2 (range 15–48.7 kg/m2). A significant

proportion of the study population (67.5 %) was treated for

rectal cancer; the average height of lesions was

9.2 ± 3.4 cm. Notably, the majority of anastomoses were

performed with a stapling technique (88.3 %), and 17.0 %

of cases involved a secondary procedure: most commonly

pelvic sidewall dissection, salpingo-oophorectomy, liver

biopsy or wedge resection, and omental pedicle flaps

(Table 1). The intraoperative complication rate was low

(2.4 %). Intraoperative complications included enterotomy,

colotomy, bladder injury, and ureteral injury.

Evaluation of Surgeon 1 showed a trended decrease in

operative time as the number of cases increased. The

CUSUM chart for Surgeon 1 was best plotted as a second-

order polynomial with the equation CUSUM (min) equal to

0.11 9 case number2 minus 22.41 9 case number minus

126.34, with an R value of 0.87. Based on changes in the

slope of the learning curve, we defined three distinct pha-

ses. Phase 1 (competency phase) included the first 74 cases;

phase 2 consisted of cases 75–137; and in phase 3 included

138 cases and beyond (Fig. 2).

Analysis of demographics across the learning curve of

Surgeon 1 illustrates a significantly higher proportion of

men in the first two phases, compared to the third phase.

Notably, there was no statistically significant difference in

the proportion of patients with rectal cancer, distance of

lesions from the anal verge, or the proportion of patients

receiving neoadjuvant therapy (Table 2). With regard to

operative characteristics, average operative time decreased

significantly across the three learning phases: from

250 ± 55 min in phase 1 to 213.6 ± 49 min in phase 3

(P = 0.008). Additionally, there was a clear change in

technique from phase 1 to the latter phases, as splenic

flexure mobilization was performed laparoscopically in

phase 1 and robotically in phases 2 and 3. Furthermore, the

intraoperative complication rate was low across all phases,

with only one complication in phase 1 and one complica-

tion in phase 3 (Table 2). The complication during phase 1

was a contained colonic perforation; the complication

during phase 3 was a ureteral injury. Each complication

was addressed robotically, eliminating the need for intra-

operative conversion. Postoperatively, there were three

anastomotic leaks in patients treated during phase 1

(4.1 %), and no leaks during subsequent phases. There

were also no conversions reported throughout the learning

experience of Surgeon 1 (Table 2).

203
Surgeon 1

61
Surgeon 2

45
Surgeon 3

40
Surgeon 4

69
Experienced

Surgeon 

438
Total cases

Exclusions
1. Surgeons < 40 cases
2. Co-surgeon cases

Data collection
1. CPT codes 44204, 44207, 44208
2. 1/1/2009 - 12/31/2014
3.  Excluded Laparoscopic cases
4.  Excluded Non-malignant diagnosis
5.  Excluded lesions proximal to 

splenic flexure

Fig. 1 Patient inclusion and exclusion criteria

Table 1 Patient demographics and perioperative characteristics

Characteristics Total cases = 418

Gender

Male (%) 229 (57.5)

Female (%) 189 (45.2)

Age ± SD (years) 55 ± 13.4

BMI ± SD (kg/m2) 27.7 ± 5.7

ASA (median) 3

Rectal cancer cases (%)a 282 (67.5)

Height from AV (cm) 9.2 ± 3.4

Pre-op therapy (%)b 191 (45.7)

Perioperative

Operative time ± SD (min) 289.43 ± 105.8

Stapled anastomosis (%) 369 (88.3)

Ileostomy (%) 196 (46.9)

EBL ± SD (mL) 106.0 ± 147.4

Secondary procedures (%) 71 (17.0)

Conversion rate (%) 17 (4.1)

Intra-op complications (%) 10 (2.4)

Leak rate (%) 11 (2.6)

SD standard deviation
a Rectal cancer lesions B15 cm
b Preoperative therapy included neoadjuvant chemoradiation, induc-

tion, or consolidation chemotherapy
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Assessment of the case volumes for all surgeons over

the study period illustrates that Surgeons 2 and 3 began

performing robotic-assisted resections at later dates than

Surgeon 1 and had smaller case volumes, while Surgeon 4

started at the same time but had overall smaller volumes.

At this same point in time, an experienced surgeon joined

the group as well. Surgeon 1 achieved the competency

phase (phase 1) of the learning curve at 74 cases, just as

Surgeons 2 and 3 began their robotic experience (Figs. 3,

4). Surgeon 4 had performed 20 cases at this point (Fig. 3).

Adjusting the CUSUM curves of Surgeons 1–4 for the

date of operation to reflect and compare their learning

experiences over the same time period illustrates that

Surgeons 2, 3, and 4 required fewer cases to reach phase 1

(the competency phase) of their learning curve (Fig. 4).

Surgeon 2 required 23 cases, Surgeon 3 required 24 cases,
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Fig. 2 Cumulative sum (chart)

for Surgeon 1

Table 2 Demographics and

perioperative characteristics

across Surgeon 1’s learning

phases

Characteristics Phase 1

74

Phase 2

61

Phase 3

66

P value

Gender

Male (%) 46 (62.1) 36 (59.0) 26 (39.4) 0.017

Female (%) 28 (37.9) 25 (41.0) 40 (60.6)

Age ± SD (years) 56.3 ± 13.8 54.5 ± 15.0 55.6 ± 13.6 0.75

BMI ± SD (kg/m2) 28.1 ± 5.1 27.4 ± 5.7 27.6 ± 5.6 0.75

ASA score (median) 3 3 3 –

Rectal cancer casesa (%) 54 (73.0) 31 (50.8) 43 (65.2) 0.49

Height from AVb (cm) 9.5 ± 3.7 9.6 ± 3.2 9.5 ± 3.7 0.97

Pre-op therapy (%) 37 (50.0) 25 (41.0) 29 (43.9) 0.85

Perioperative

Operative time ± SD (min) 250.0 ± 55.0 231.1 ± 63.9 213.6 ± 49.1 0.0008

Stapled anastomosis (%) 65 (87.8) 56 (91.8) 60 (90.9) 0.92

Flexure lap (%) 48 (64.9) (0.0) (0.0) \0.001

Ileostomy (%) 37 (50.0) 27 (44.3) 34 (51.5) 0.69

EBL ± SD (mL) 82.0 ± 80.8 89.1 ± 107.6 59.5 ± 41.3 0.09

Second procedures (%) 7 (9.5) 10 (16.4) 10 (15.1) 0.44

Lysis of adhesions (%) 13 (17.6) 3 (4.9) 9 (13.6) 0.07

Intra-op complications (%) 1 (1.4) 0 (0) 1 (1.5) 1.00

Leak rate (%) 3 (4.1) 0 (0) 0(0) 0.11

SD standard deviation
a Rectal cancer lesions B15 cm
b Height from anal verge for rectal cancer cases
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and Surgeon 4 required 30 cases. The learning curves for

Surgeons 2, 3, and 4 were divided into two phases based on

their CUSUM curves. Surgeon 1 (who had a much larger

volume of cases) was well through the competency phase

before Surgeons 2, 3, and 4 had made significant progress

(Fig. 4).

Assessment of patient characteristics across the two

phases for Surgeons 2, 3, and 4 illustrates a trend toward a

higher number of rectal cancer cases during the competency

phase (84.4 vs. 71.0 %, P = 0.05). However, there was no

statistically significant difference in distance of lesions from

the anal verge, or use of neoadjuvant therapy.

Evaluation of perioperative characteristics is notable for a

significant decrease in the average operative time for Sur-

geons 2, 3, and 4: from 418 ± 100 min to 361.89 ± 89 min

(P = 0.004), as well as a significant change in splenic flexure

mobilization technique. Additionally, there was a higher rate

of stapled anastomosis in phase 2, and a significantly higher

rate of diverting ileostomies (61.0 vs. 40.6 %, P = 0.01) and

estimated blood loss in phase 1 (Table 3).

Notably, the intraoperative complication rate was signifi-

cantly higher in phase 1 (7.8 %), but dropped to 0 % in phase 2

(P = 0.03) (Table 3). Specific complications included a

colotomy, a small bowel injury requiring resection, a bladder
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injury requiring primary repair, division/interruption of the

mesorectal plane, and two anastomotic defects (ischemia in

one, a leak in the second) requiring anastomotic take-down.

The leak rate was not statistically different between the two

stages, but showed a trended decrease from 9.1 % in phase 1 to

1.5 % in phase 2 (P = 0.07). Five of the seven leaks were

clinically significant, necessitating a return to the operating

room for washout and diversion; two were subclinical and

required transanal procedures for treatment of sinuses. The

conversion rate was similar across the two phases for Sur-

geons 2, 3, and 4 (Table 3).

Discussion

Robotic-assisted colorectal surgery is one of the newest

techniques in the armamentarium of minimally invasive

surgical approaches. The initial publication of the feasi-

bility of robotic TME for rectal cancer [2, 14], with recent

comparative studies illustrating at least comparable out-

comes to laparoscopic colorectal resections [15–19, 24],

has led to an increase in utilization of robotic techniques

across centers, including ours. Although several publica-

tions have addressed the learning curve for robotic-assisted

colorectal resection [11, 15, 19–24], our data represent the

largest series to date that also includes multiple surgeons

across different stages of their learning curves.

Based on our experience, the establishment of a robotic

colorectal cancer surgery program requires a high volume

of cases. Our data suggest that upwards of 75 resections are

required for the surgeon to reach competency. However,

that number decreased significantly once robotic surgery

became an established program at the institution. In our

series, Surgeons 2, 3, and 4 required fewer cases to achieve

the learning curve (25–30). Surgeons 2, 3, and 4 benefited

from the experience of Surgeon 1, as well as that of the

experienced robotic surgeon who joined the service in

2012. The early adapter and the experienced surgeon

appeared to have advanced the program by establishing a

system institutionally. This system includes the standard-

ization of patient positioning, robot positioning and dock-

ing, port placement, appropriate use of instrumentation,

and conflict resolution during operative cases, i.e., quick

resolution of arm collisions, lack of instrument reach, or

instrument failure. Another critical component of this

system includes recruiting dedicated bedside assistants to

standardize docking and port placement, instrument

exchange and conflict resolution, as well as retraction,

Table 3 Demographics and

perioperative characteristics

across phases for Surgeons 2–4

Characteristics Phase 1

77

Phase 2

69

P value

Gender

Male (%) 43 (55.8) 39 (56.5) 0.92

Female (%) 34 (44.2) 30 (43.5)

Age ± SD (years) 53.5 ± 12.1 54.6 ± 11.9 0.58

BMI ± SD (kg/m2) 27.9 ± 5.7 27.7 ± 6.2 0.84

ASA (median) 3 2 –

Rectal cancer casesa (%) 65 (84.4) 49 (71.0) 0.05

Height from AV ± SDb (cm) 8.6 ± 3.3 9.2 ± 2.8 0.26

Pre-op therapy (%) 41 (53.3) 33 (47.8) 0.51

Perioperative

Operative time ± SD (min) 418.5 ± 100.1 361.5 ± 89.1 0.004

Stapled anastomosis (%) 61 (79.2) 65 (94.2) 0.01

Flexure lap (%) 25 (32.6) 0 (0.0) \0.001

Ileostomy (%) 47 (61.0) 28 (40.6) 0.01

EBL ± SD (mL) 191.82 ± 272 106.01 ± 107 0.02

Secondary procedures (%) 12 (15.6) 17 (24.6) 0.17

Lysis of adhesions (%) 6 (7.8) 8 (11.6) 0.43

Conversions (%) 8 (10.4) 7 (10.1) 0.79

Intra-op complications (%) 6 (7.8) 0 (0.0) 0.03

Leak rate (%) 7 (9.1) 1 (1.5) 0.07

SD standard deviation
a Rectal cancer lesions B15 cm
b Height from anal verge for rectal cancer cases
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suctioning, and stapling. Subsequently, these variables

were associated with a faster institutional learning curve.

This pattern is similar to that described by Sng et al. [21]

and Kim et al. [23], in which improvement in docking

times—rather than the proficiency of a single surgeon—

improved the efficiency of the entire operating room team.

Similar trends have been described in other procedures

such as robotic-assisted prostatectomy [25], as well as in

early institutional adoption of laparoscopic colorectal sur-

gery [26]. The presence of a stable, practiced robotic sur-

gical team in the operating room, with each team member

having a defined role, improves efficiency and is a function

of the institutional learning curve [25].

One of the advantages of our study population is its

homogeneity. All patients were diagnosed with adeno-

carcinoma. Although 67.5 % of the cases were rectal

cancers, the robotic operative setup is similar to the one

for the remaining cases as described, since all lesions

were distal to the splenic flexure, representing similar

cases along the same learning curve. The characteristics

of cases performed by Surgeon 1—with the exception of

the higher number of males in phases 1 and 2—were

similar across the learning curve. Specific variables

included BMI, percentage of rectal cancer cases, propor-

tion of patients receiving neoadjuvant therapy, and dis-

tance of lesions from the anal verge. This suggests that

there was no patient selection bias across learning phases,

as cases of equivalent complexity were undertaken. All

cases were also performed with the da Vinci� Surgical

System STM or SiTM; therefore, the changes in technology

with the new Xi� system have no influence on the

learning curves. The intraoperative complication rate

remained very small (\1.5 %) and did not differ signifi-

cantly across all phases.

A second advantage is our ability to assess many sur-

geons with different levels of experience in robotic surgery.

(Each surgeon also had a different level of experience in

laparoscopic surgery.) The consistency in the number of

cases is required for Surgeons 2, 3, and 4 to achieve the

learning curve strengthens our conclusion. Because our

center is highly specialized, with specific expertise in

oncologic surgery, we cannot generalize our findings to

other indications for resections such as benign disease;

thus, our findings pertain strictly to oncologic resections.

Although the addition of an experienced surgeon certainly

helps in establishing a program, we excluded all initial

teaching cases involving the experienced surgeon to insure

that the CUSUM curves solely reflect each individual

surgeon.

Although Surgeons 2, 3, and 4 benefited from the

presence of an established robotic colorectal surgery pro-

gram, there was some selection during the first phase of

their respective learning curves. There was a trend toward

more rectal cancer cases, which is reflected in the higher

rate of hand-sewn anastomoses and diverting ileostomies.

This is consistent with the perception that robotic-assisted

surgery is most advantageous in cases requiring total

mesorectal excision (TME). As our experience with robotic

surgery expanded and the technique changed from hybrid

to fully robotic (which helped in improving efficiency of

the cases by eliminating the need for re-docking), resection

of lesions proximal to the rectum was undertaken. The

intraoperative complication and leak rates were higher

during phase 1 despite the presence of an in-place system,

although both fell significantly as the surgeon attained

greater experience: from 7.8 to 0 % for intraoperative

complications and from 9.1 to 1.5 % for leaks. The trend

toward more rectal cancer cases in the earlier learning

phase, leading to lower pelvic anastomoses, may also

contribute to the higher leak rate. Our overall institutional

leak rate was low (2.6 %), falling within the range of

previously reported series [27].

Although there is variability in technique and operative

proficiency among surgeons, we utilized CUSUM analysis

for each of the five surgeons and compared learning curves

in the institution. The CUSUM curves allow us to deter-

mine each surgeon’s learning curve by assessing the

summation of the difference from the operative time of

each case and the mean operative time of all cases. Thus, it

examines variation from the mean, rather then the actual

operative times, eliminating differences between surgeons’

proficiency. It therefore serves as a good objective method

of comparing learning curves. Simply comparing operative

times is a problematic method for comparing different

surgeons’ learning curves, as some surgeons are inherently

slower regardless of the learning phase. We did adjust the

CUSUM curves for the date of operation to provide an

accurate assessment of the progression of each surgeon’s

learning curve as case volume increased.

The initial number of cases required to establish a

robotic colorectal surgery program is higher in our series

than in other studies, suggesting that robotic surgery may

not be easy to adapt for colorectal cancer resection, com-

pared to other minimally invasive techniques. This is likely

a reflection of both the volume of cases required, and

higher frequency of cases required in a shorter period of

time, to allow for faster adaptation by the team. For

example, Park et al. [24] reported similar learning curves

for robotic and laparoscopic low anterior resection of rectal

cancer using CUSUM analysis. There may be several

reasons for the higher number of cases required in our

series. Sng et al. [21] reported that 35 cases were required

to reach the initial phase, while Bokhari et al. [11]

described an initial requirement of 15–25 cases. Although

the evaluation by Sng et al. is similar to ours, in that it

included a large number of cases (197 rectal cancer patients
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undergoing robotic resection), there was selection with

respect to case complexity: In phases 2 and 3, there was a

significantly higher proportion of lower rectal cancers

(7 cm or less from the anal verge), and more patients

required neoadjuvant therapy and splenic flexure mobi-

lization. This is also evidenced by the significant increase

in their median operative time in phase 2 compared to

phase 1 [21]. Bokhari et al. [11] also noted that a higher

number of cases are required anastomosis; also, there was a

higher proportion of male patients in the latter part of the

learning phase.

A limitation of our study is that we evaluated only one

variable in the construction of the CUSUM curves. A risk-

adjusted CUSUM curve would account for negative vari-

ables that might influence a surgeon’s learning curve.

However, the intraoperative complication rate for the entire

cohort was 2.4 %, and the conversion rate was 4.1 %. As

values were low, we suspect that the number of negative

events would be too small to significantly affect the overall

learning curves. In a series of 167 patients undergoing

resection by a single surgeon, Kim et al. [23] published a

more comprehensive analysis of robotic TME utilizing risk-

adjusted CUSUM curves. The variables included were

operative time, conversion, perioperative complications, and

microscopic margin. Although there was a bias toward more

complex rectal cancers cases in the latter phase of the

learning curve, they reported that phase 1 required 32 cases

of robotic TME. However, they utilized a hybrid laparo-

scopic and robotic technique in all their cases. As such, the

requirement of[30 cases for phase 1 may very well reflect

the minimum number required in hybrid robotic rectal TME.

Additionally, we did not include any pathologic data in

our evaluation. Pathologic data can certainly help in

insuring lack of bias toward earlier stage cases and can also

be used for risk adjustment by assessing the rate of margin

positivity as well as TME completeness. However, our

evaluation examined the adoption of robotic technique

institutionally, rather then TME technique. All surgeons

included in the analysis were proficient in TME technique,

and all converted to utilization of robotic technique.

Another limitation of our study is that we evaluated total

operative time in constructing the CUSUM curves. Access

to docking and console times may help to better define the

institutional learning curve, independent of the surgeons’

actual console time. Additionally, we did not include right

colectomies or abdominoperineal resections (APR) in our

analysis. Some surgeons began performing robotic right

colectomies after establishing the technique for anterior

and low anterior resections. Both APR and right colec-

tomies would have played a role in the overall acquisition

of robotic technique and would have been important points

on the learning curve. Ultimately, we will need to evaluate

oncologic outcomes in terms of local recurrence, to fully

assess the effect of the learning curve on patient outcomes.

In robotic colorectal cancer surgery, we found that the

success of each surgeon in achieving mastery depends on the

institution’s overall success in establishing a program, by

dedicating a team to address the many components of robotic

surgery that extend beyond sitting at the console. We found

that there are many phases in the learning curve, and—as a

consequence of a well-established and systematic institu-

tional program—late adapters have shorter learning curves.
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