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ABSTRACT

Background and study aims Overcoming logistical obsta-
cles for the implementation of colorectal endoscopic sub-
mucosal dissection (ESD) requires accurate prediction of
procedure times. We aimed to evaluate existing and new
prediction models for ESD duration.

Patients and methods Records of all consecutive patients
who underwent single, non-hybrid colorectal ESDs before
2020at three Dutch centers were reviewed. The perform-
ance of an Eastern prediction model [GIE 2021;94(1):133-
144] was assessed in the Dutch cohort. A prediction model
for procedure duration was built using multivariable linear
regression. The model’s performance was validated using
internal validation by bootstrap resampling, internal-exter-
nal cross-validation and external validation in an indepen-
dent Swedish ESD cohort.

Results A total of 435 colorectal ESDs were analyzed (92%
en bloc resections, mean duration 139 minutes, mean tu-
mor size 39mm). The performance of current unstandar-
dized time scheduling practice was suboptimal (explained
variance: R?=27%). We successfully validated the Eastern
prediction model for colorectal ESD duration <60 minutes
(c-statistic 0.70, 95% C1 0.62-0.77), but this model was lim-
ited due to dichotomization of the outcome and a relatively
low frequency (14%) of ESDs completed <60 minutes in the
Dutch centers. The model was more useful with a dichoto-
mization cut-off of 120 minutes (c-statistic: 0.75; 88% and
17% of “easy” and “very difficult” ESDs completed <120
minutes, respectively). To predict ESD duration as continu-
ous outcome, we developed and validated the six-variable
CESD-TIME formula (https://cesdtimeformula.shinyapps.io/
calculator/; optimism-corrected R?2=61%; R2=66% after re-
calibration of the slope).

Conclusions We provided two useful tools for predicting
colorectal ESD duration at Western centers. Further im-
provements and validations are encouraged with potential
local adaptation to optimize time planning.
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Introduction

Colorectal endoscopic submucosal dissection (ESD) is an endo-
scopic resection technique which is widely used in Eastern
countries. However, it has been slow to be taken up by Western
endoscopists [1,2]. This is mainly due to a lack of local experts
and opportunities to acquire sufficient skill in ESD, which makes
the procedure complex and time-consuming for them. Several
studies demonstrated that for equivalent-sized lesions, the pro-
cedural time for ESD may exceed the time needed for piecemeal
endoscopic mucosal resection (pEMR) by three to four times [3,
4]. This introduces logistical problems in Western endoscopy
centers because the shortage of resources does not allow for
the routine use of such time-consuming procedures that are
difficult to learn. Nevertheless, colorectal ESD is gradually gain-
ing ground in the West because it enables accurate histological
staging and decreases the risk of recurrence [5], thereby also
reducing the need for intensive follow-up programs and addi-
tional endoscopic or surgical treatment after the initial endo-
scopic resection.

To overcome the logistical obstacles for implementing colo-
rectal ESD, it is essential to anticipate possible long procedure
durations by accurate time scheduling. In this study, we eval-
uated the performance of current time planning practice and a
previous Eastern prediction model [6] for colorectal ESD dura-
tion, and developed a new model with procedure time as con-
tinuous prediction outcome.

Patients and methods

This study is reported in accordance with the TRIPOD statement
(Supplementary Checklist) and was approved by the Medical
Ethical Committee of Leiden University Medical Center (refer-
ence number G18.097). The variable definitions, ESD endos-
copists/procedures and statistical analyses are detailed in the
Supplementary Methods.

Patients

The analysis cohort consisted of consecutive patients who un-
derwent ESD for colorectal neoplasms before January 1, 2020
at three Dutch tertiary endoscopy centers (Leiden University
Medical Center, University Medical Center Utrecht, Erasmus
MC Cancer Institute in Rotterdam). We included all cases start-
ing from the first ESD ever performed, with the aim of making
our findings also generalizable to beginning Western ESD
endoscopists, the target group where the greatest benefit can
be attained [7]. We excluded hybrid ESDs and procedures with
two or more simultaneous ESDs. In addition, resections of sub-
epithelial tumors (e.g. gastrointestinal stroma cell tumors,
neuroendocrine tumors, lipomas), anal intraepithelial neo-
plasms and post-polypectomy scar resections by ESD were also
excluded. Lastly, we excluded intended ESD procedures that
were terminated prematurely without (complete) lesion re-
moval. This was because in all these cases (n=43) the reason
for premature ESD termination turned out to be deep tumor in-
vasion (i.e. suspected invasion into the muscularis propria dur-
ing the procedure), which made it impossible or futile to con-
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tinue the resection. The vast majority of deeply invasive tumors
could be anticipated pre-procedurally by optical diagnosis [8].
As we were interested in procedure durations resulting from
the complexity of the ESD (and not from patient selection-
related factors), we reasoned that including prematurely termi-
nated ESDs would distort the analyses (e. g. relatively short pro-
cedure durations for very large but deeply invasive tumors). We
chose not to exclude intended ESDs that were converted to pie-
cemeal resection, as in general, endoscopists are reluctant to
do so without first trying their utmost to achieve en bloc resec-
tion by ESD. The analysis cohort was used for descriptive statis-
tics, evaluation of ESD duration-related outcomes, and devel-
opment of a prediction model for colorectal ESD duration.

External validation of the developed prediction model was
performed in an independent cohort of consecutive colorectal
ESDs from a Swedish tertiary endoscopy center (Karolinska In-
stitute, Stockholm). Parts of this cohort have been described
previously [9, 10]. Single, non-hybrid ESDs were selected using
the above inclusion and exclusion criteria.

Time planning analyses

The amount of time scheduled was decided for each case indi-
vidually by or in consultation with the endoscopist performing
the ESD. Procedure time was not scheduled in a standardized
manner. Actual procedure duration was defined as the time be-
tween first introduction and final removal of the endoscope
(the total “scope time”: i.e. including possible cleaning of the
lesion and marking of its perimeter, dissection and retrieval of
the resected specimen; excluding induction and recovery time
of propofol sedation). When the actual ESD duration was >1
hour longer or shorter than the amount of time scheduled,
endoscopy reports were extensively reviewed for possible ex-
planations for the difference between the scheduled and actual
time.

We also evaluated the performance of a previously pub-
lished Eastern prediction model for colorectal ESD duration [6]
(see Supplementary Methods for details). The predicted out-
come of the model is ESD completion <60 minutes (yes/no).
For sensitivity analyses, we also varied the dichotomization
cut-off of the outcome with 1-minute increments over the en-
tire range of ESD durations in our analysis cohort. For each cut-
off, the model’s performance was evaluated.

Model development

As the abovementioned Eastern model [6] used a dichotomized
outcome, we built a new prediction model, the cESD-TIME for-
mula, with colorectal ESD duration as continuous outcome. The
initial formula consisted of the four variables in the Eastern
model (tumor size, circumference, location and morphology).
Besides, we also considered other pre-procedural variables
that have been reported to be associated with the presence of
submucosal fibrosis, a factor that could considerably increase
ESD difficulty and duration [11,12,13,14]. These pre-proce-
dural variables included the type of lesion (recurrent or naive
lesion to be resected) [15,16], presence of a depressed area
[17,18], suspected invasive cancer [16], prior biopsies taken
[16,19], and inflammatory bowel disease [20,21]. Lastly, we in-
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cluded the consecutive colorectal ESD number for each endos-
copist in the model as a proxy for ESD experience, an important
determinant of procedure duration [22,23,24]. The adopted
ESD method was not considered in model development, be-
cause a randomized trial found no significant difference in dis-
section speed between the two ESD methods (conventional and
pocket-creation method) that were used in the analysis cohort
[25].

As exploratory analysis, we also included endoscopic man-
euverability in the cESD-TIME formula and evaluated how the
model performance would change. Maneuverability is generally
referred to as the degree of having difficulty with obtaining and
maintaining an optimal dissection plane through the submuco-
sa, e.g. due to paradoxical movement of the endoscope [7, 26,
27]. However, there are currently no standardized criteria avail-
able for determining or classifying endoscopic maneuverability.
In this study, maneuverability was subjectively evaluated by the
endoscopist during (and not before) the procedure, and was
described as “good,” “average” or “poor.”

Results
Full cohort characteristics

In total, 435 single, non-hybrid colorectal ESDs performed by
six endoscopists (#1: n=85, #2: n=39; #3: n=151, #4: n=8§;
#5: n=122, #6: n=30) were eligible for analysis (Supplemen-
tary Fig.1). Patient, lesion, and procedure characteristics and
outcomes are shown in Supplementary Table 1, » Table 1, Ta-
ble2, and » Table 3. The mean age was 67 years (SD 8.7), and
the majority of patients undergoing ESD were male (62%). The
mean lesion size was 39 mm (SD 25). Most lesions were located
in the rectum (58%), followed by the left (35%) and right hemi-
colon (7.8%). A total of 94 ESDs (22%) were performed between
2011 and 2015, and 341 (78%) between 2016 and 2019.
Throughout the entire study period, no traction device-assisted
ESD techniques were used. The mean time scheduled for the
ESD was 137 minutes (SD 53), and the actual procedure dura-
tion was 139 minutes (SD 95). En bloc resection was achieved

> Table 1 Lesion characteristics of the analysis cohort (n=435 procedures).

All centers
n=435
Location
= Right hemicolon 34(7.8)
= Cecum 6
= Hepatic flexure 5
= Splenic flexure 1
= Left hemicolon 150 (34.5)
= Junction of the sigmoid and descending colon* 8
= Rectosigmoid 48
= Rectum 251(57.9)
= Lesion extending to the dentate line* 46
Recurrence to be resected 22 (5.1)
Gross morphology*
= Pedunculated 25(5.9)
= Sessile 241 (57.1)
= Flat 156 (37.0)
Presence of a depressed area”™ 140 (33.3)
Non-granular surface* 70 (34.1)
Lesion size, mean (SD), mm* 38.9(24.5)
Luminal circumference, mean (SD), %* 45.8(20.1)
Suspected CRCin lesion* 244 (56.4)
Biopsies taken prior to ESD* 164 (37.9)

*Numbers of missing values per center are shown in Supplementary Table 7
Values are n (%) unless otherwise defined.

Center #1 Center #2 Center #3 P value
n=124 n=159 n=152
<0.001
1(0.8) 19(11.9) 14(9.2)
0 6 0
0 3 2
0 1 0
36 (29.0) 52(32.7) 62 (40.8)
1 1 6
22 12 16
87(70.2) 88(55.3) 76 (50.0)
18 12 16
3(2.4) 8(5.0) 11(7.2) 0.19
<0.001
1(0.8) 24(15.9) 0(0.0)
78(62.9) 95(62.9) 68 (46.3)
45 (36.3) 32(21.2) 79 (53.7)
13(10.7) 89 (59.7) 38(25.3) <0.001
16(53.3) 10(22.7) 44 (33.6) 0.024
48.4(23.6) 30.4(23.4) 39.2(23.5) <0.001
48.2(20.3) 46.1(22.7) 43.1(18.6) 0.17
65 (52.4) 128 (80.5) 51 (34.0) <0.001
42(33.9) 64 (40.3) 58(38.7) 0.53

CRC, colorectal cancer; ESD, endoscopic submucosal dissection; SD, standard deviation.

E726

Dang Hao et al. Predicting procedure duration... Endosc Int Open 2023; 11: E724-E732 | © 2023. The Author(s).



» Table2 ESD-related outcomes (n=435 procedures)

En bloc resection
Conversion to piecemeal resection

Scheduled ESD time, mean (SD), minutes*

Procedure duration, mean (SD), minutes*

All centers
n=435

402 (92.4)
33

136.8
(52.6)

139.0
(95.4)

Endoscopic maneuverability (as evaluated during ESD) *

= Good

= Average

= Poor

Immediate perforation
Delayed perforation
Perforations requiring surgery
Hospitalization

= Duration of hospitalization, median (range),
days™

= Adverse event during hospitalization*

Readmission within 30 days after discharge™

*Numbers of missing values per center are shown in Supplementary Table 7

Values are n (%) unless otherwise defined.

49(23.1)
79 (37.3)
84 (39.6)
38(8.7)
10(2.3)
8(1.8)
264 (60.7)

1(1-55)

21

33(7.6)

ESD, endoscopic submucosal dissection; SD, standard deviation.

» Table3 Outcomes of all en bloc ESDs (n=402 procedures).

RO resection™

= RO lateral margin*

= RO vertical margin*

Histology™

= Low-grade dysplasia

= High-grade dysplasia

= Invasive cancer

= Superficial submucosal invasion (<1000 pm)
= >Deep submucosal invasion

= RO resection with missing invasion depth
= Otherf

Indication for additional surgical resection™®
FU-duration in months, mean (SD)*

Recurrence®

*Numbers of missing values per center are shown in Supplementary Table 7

All centers
n=402

236 (68.8)
251 (73.4)

272 (87.7)

174 (43.3)
76 (18.9)
145 (36.1)
41

80

24

5(1.2)
87(21.8)
20.9(20.1)
4(1.6)

Center #1
n=124

112(90.3)
12

176.8
(62.6)

176.7
(106.3)

10(8.1)

Center #1
n=112

70 (63.1)
80(72.1)

94 (85.5)

55 (55.6)
14(14.1)
43 (38.4)
12

20

11

0(0.0)

24 (21.4)
20.6(17.2)
1(0.9)

Center #2
n=159

149 (93.7)
10

108.1
(30.0)

96.4
(77.8)

Center #2
n=149

63 (69.2)
65 (71.4)

58 (90.6)

51(34.2)
22(14.8)
70 (47.0)
18

47

5

4(2.7)

48 (32.7)
23.5(25.0)
3(4.1)

Center #3
n=152

141(92.8)
11

134.7
(40.6)

142.4
(86.0)

15(17.2)
34(39.1)
38(43.7)
8(5.3)
1(0.7)
1(0.7)
146 (96.1)

1(1-4)

Center #3
n=141

103 (73.1)
106 (75.7)

120(88.2)

68 (52.3)
40 (30.8)
32(22.7)
11

13

8

1(0.7)
15(10.6)
19.0(18.7)
0(0.0)

P value

0.55

<0.001

<0.001

<0.001

0.015
0.074
<0.001

<0.001

0.002

P value

0.24
0.72
0.59

<0.001

<0.001
0.39
0.10

tSessile serrated lesion without dysplasia (n=2 from center #2), inflammatory polyp/infiltrate without dysplasia (n=2 from center #2 and n=1 from center #3)

Values are n (%) unless otherwise defined.
FU, follow-up; SD, standard deviation.
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in 402 of 435 cases (92%). ESD was converted to piecemeal re-
section in 33 cases (7.6%). The rate of ESD-related perforations
requiring surgery was eight of 435 patients (1.8%). The RO re-
section rate among en bloc resections was 69%. Histological
evaluation of these specimens revealed invasive cancer in 145
cases (36%). Additional surgery after ESD was indicated in 87
cases (22%), mostly due to the presence of histological high-
risk features. After a mean follow-up of 21 months, recurrence
was found in four of 257 patients (1.6%) treated with en bloc
ESD.

Performance of current time scheduling practice

In complete case analysis (n=367), 257 ESDs (70%) were com-
pleted within £1 hour of the scheduled time, 60 ESDs (16%) >1
hour ahead of the scheduled time, and 50 (14%) exceeded the
scheduled time >1 hour. Explanations for completion >1 hour
ahead of the scheduled time were described in none of the
endoscopy reports. For the 50 ESDs in which the scheduled
time was exceeded by >1 hour, explanations could be found in
seven cases (submucosal fibrosis n=3, many intraprocedural
bleedings n=2, poor overview during dissection n=2; Supple-
mentary Table 2). ESDs exceeding the scheduled time >1 hour
were more likely to be converted to piecemeal resection (13/50
vs. 14/317; P <0.001) and also had a lower RO resection rate
(19/49 vs. 165/280; P=0.012). However, the rates of perfora-
tion (immediate: 5/50 vs. 22/317; P=0.39; delayed: 2/50 vs. 8/
317; P=0.63), adverse events during hospitalization (4/38 vs.
13/201; P=0.32), and readmissions (5/49 vs. 22/317; P=0.38)
were not significantly different.

The explained variance in ESD durations by current time
planning practice was 27% (95% confidence interval [Cl] 20%-
35%; »Fig.1a). The proportions of procedures completed #1
hour of the scheduled time (70%), >1 hour ahead of the sched-
uled time (17%) and exceeding the scheduled time >1 hour
(13%) were comparable between complete case (n=367) and
multiple imputation analyses (n=435).

Performance of a previous Eastern prediction model

A prediction model for colorectal ESD duration (i.e. completion
<60 minutes yes/no) was previously developed by Eastern
endoscopists [6], with a c-statistic of 0.70 in the development
cohort and 0.69 in an Eastern external validation cohort. We
evaluated the performance of this Eastern model in our analysis
cohort and found a c-statistic of 0.70 (95% Cl 0.62-0.77; Sup-
plementary Fig.2). Notably, the proportion of ESDs completed
<60 minutes was much lower in our Western cohort (14%) as
compared to the Eastern cohort (54%).

When changing the dichotomization cut-off over the entire
range of ESD durations (15-720 minutes) in our analysis co-
hort, we found that both the proportion of ESDs completed
within the cut-off time and the c-statistic proportionally in-
creased with the cut-off value (Supplementary Fig.3a, Sup-
plementary Fig.3b, Supplementary Fig.3c). For example,
when dichotomizing ESD duration into completion <120 min-
utes yes/no, the c-statistic was 0.75 (95% Cl 0.69-0.80) and
the proportion of ESDs completed <120 minutes was 51.0%.
When using a dichotomization cut-off of 180 or 240 minutes,

E728

660
540
420

300

Amount of time scheduled

o

s
0 60 120 180 240 300 360 420 480 540 600 660 720
Actual ESD duration

o

540

TIME formula

Predicted ESD duration by cESD -

60 | HEEPYS

0
0 60 120 180 240 300 360 420 480 540 600 660 720
Actual ESD duration

(>

540

TIME formula

Predicted ESD duration by cESD -

60|

0 S
0 60 120 180 240 300 360 420 480 540 600 660 720
Actual ESD duration

[a}

» Fig.1 a Performance of current ESD planning practice in the a-
nalysis cohort (n=435 procedures). b Performance of the cESD-
TIME formula in the analysis cohort (n=435 procedures) c Per-
formance of the cESD-TIME formula in the Swedish validation co-
hort (n=199 procedures) after recalibration of the slope (=0.8).
The reference line “scheduled time =actual duration” is shown in
the graph with £ 1 hour margin (green dashed line: running ahead
>1 hour of the allotted time, red dashed line: exceeding the allotted
time by >1 hour). ESD, endoscopic submucosal dissection.

the c-statistic was 0.79 (95% ClI 0.72-0.84) or 0.85 (95% CI
0.75-0.91) and the proportion of ESDs completed within the
cut-off time was 77% or 91%, respectively.

cESD-TIME formula development

Next, we developed a prediction model (the cESD-TIME formu-
la) that included ESD duration as continuous outcome. A trans-
formed version of the Eastern model yielded an R? of 61% (Sup-
plementary Table 3 and Supplementary Results). To evaluate
whether the model could be simplified or its performance fur-
ther improved, we applied regression-based backward selec-
tion with the four variables of the Eastern model and other
pre-procedural factors that are associated with submucosal fi-
brosis or ESD experience (unadjusted associations between all
candidate predictors and the outcome in Supplementary Ta-
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» Table4 cESD-TIME formula to predict ESD duration in minutes.
Predictor

Tumor size in mm

Luminal circumference in %

Morphology

Depressed area
Inflammatory bowel disease

Consecutive number of colorectal ESD for endoscopist
performing the procedure

Definition|transformation Beta P value
Size? 0.018 <0.001
If <25%: count circumference as 0 0.028 <0.001
If >25%: circumference?
According to Li et al. GIE 2021: 22.42 0.0035
LST-NG=1
Paris llc component present=1, absent=0 -16.16 0.010
Present=1, absent=0 18.59 0.18
If <130: use consecutive number without transformations -0.23 <0.001
If 2 130: count number as 130

91.10

Intercept

ESD, endoscopic submucosal dissection; LST-NG, laterally spreading tumor with a non-granular surface pattern.

ble4). This resulted in the cESD-TIME formula, a six-variable
model that includes tumor size, luminal circumference, mor-
phology (as defined in the Eastern model [6]), depressed area,
inflammatory bowel disease, and consecutive number of colo-
rectal ESDs performed (» Table4). Notably, tumor location (as
defined in the Eastern model or categorized into rectum and
left and right hemicolon) was not selected in the final cESD-
TIME formula, as well as the type of lesion (naive or recurrent
lesion to be resected), whether or not prior biopsies were taken
and whether or not invasive cancer was suspected (Supple-
mentary Table5). The final cESD-TIME formula explained 63%
of the variance in ESD duration (95% Cl 57%-69%; » Fig.1b),
with 79% of ESDs completed 1 hour of the predicted time,
12% completed >1 hour ahead of the predicted time and 9.2%
exceeding the predicted time >1 hour. An example calculation
in the online calculator (https://cesdtimeformula.shinyapps.io/
calculator/) is provided in Supplementary Fig. 4.

The exploratory analyses with endoscopic maneuverability as
potential predictor are detailed in the Supplementary Results.

cESD-TIME formula validation

The internal and internal-external cross-validation procedures
are shown in the Supplementary Results. The independent
Swedish validation cohort consisted of 199 colorectal ESDs,
performed by two endoscopists (#7: n=109, #8: n=90). Key tu-
mor and ESD characteristics are shown in Supplementary Ta-
ble6. The mean lesion size was 43 mm (SD 28), and the mean
procedure duration was 128 minutes (SD 92; 17% of procedures
completed <60 minutes). The en bloc and RO resection rate
were 100% and 93% (186/199), respectively.

In its original form, the cESD-TIME formula explained 52%
(range over 10 imputations: 51%-52%) of the variance in ESD
duration in the Swedish cohort. Linear regression revealed
moderate calibration (intercept: 5.3, slope: 0.78). Visual in-
spection of the scatter plot (Supplementary Fig.5) suggested
some overprediction of ESD duration. Given the differences in
performance between the Dutch development and Swedish va-
lidation cohort (e. g. en bloc resection rate 92% vs. 100%, RO re-
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section rate 69% vs. 93%, mean ESD duration 128 vs. 139 min-
utes with a mean tumor size of 43 vs. 39 mm), we tested wheth-
er recalibration could improve the accuracy of the model’s pre-
dictions (Supplementary Results). Recalibration of the slope
by multiplying all the predicted values by 0.8, the optimal val-
ue, yielded an R? of 66% (range over 10 imputations: 66%-67%;
» Fig. 1c). Based on these findings, we included a customizable
slope for the linear predictor in the online calculator. As users
acquire more information about their ESD performance level,
the recalibration slope can be adjusted if necessary.

Discussion

This study provides two useful tools for predicting colorectal
ESD duration at Western endoscopy centers. First, we success-
fully validated a previous Eastern model [6] for ESD duration in
a large Dutch cohort. However, this model had a dichotomized
outcome and turned out to have more discriminative power
when using higher dichotomization cut-offs. Second, we devel-
oped the new, easy-to-use cESD-TIME formula (https://cesdti-
meformula.shinyapps.io/calculator/), which predicted proce-
dure duration as a continuous outcome. This formula increased
the current planning accuracy more than two-fold (R?: 61% vs.
27%) and performed well (R?=66%) in a cohort with relatively
higher ESD performance levels after recalibration. These pre-
diction tools could facilitate individualized time scheduling of
colorectal ESD at Western centers.

To our knowledge, this is the first study to provide empirical
data on time planning outcomes of colorectal ESDs in Western
practice, where logistical issues concerning ESD implementa-
tion stand out more strikingly due to a lack of experience and
ESD experts [7]. This is illustrated by our finding that current
unstandardized time planning was inaccurate, with a substan-
tial proportion (~30%) of procedures running ahead or exceed-
ing the allotted time. Exceeding more than 1 hour was also
associated with significantly lower en bloc and RO resection
rates, which could probably be attributed to the increased fa-
tigue and time pressure experienced by the endoscopist. Rea-
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sons for ESD completion ahead of or behind the scheduled time
were rarely reported. Only for a few procedures that were com-
pleted >1 hour later could we deduce that unanticipated diffi-
culties (submucosal fibrosis, intraprocedural bleedings) were
the main causes of time being exceeded. It should be kept in
mind that besides unanticipated peri-procedural events or find-
ings, suboptimal time allocation may also explain why a proce-
dure was completed ahead of or behind the scheduled time. To
illustrate this, most ESDs in center #2 (73%) appeared to be
scheduled for a standard 2-hour time slot, but a substantial
proportion of these procedures turned out not to require 2
hours (120+0min: 9.3%, 120+30min: 25%, 120+60min: 64%).
Altogether, our findings emphasize the necessity of systematic
and more accurate time planning for colorectal ESD.

To improve planning accuracy, we first evaluated the per-
formance of a previously published Eastern prediction model
for colorectal ESD duration [6]. Interestingly, the Eastern pre-
diction model was also valid in a Western setting, given the sim-
ilar c-statistic values (0.70) in our cohort and the original devel-
opment cohort. This may have come as a surprise, considering
the large difference in performance levels between Eastern and
Western ESD practice [2,28]. It appears that there may be cer-
tain “universal” pre-procedural factors that determine ESD
duration. However, despite successful external validation, the
Eastern model was still of limited use for Western practice be-
cause of the relatively low proportion of procedures completed
within the 60-minute cut-off (14%). When increasing this cut-
off value, both the c-statistic and the proportion of procedures
completed within the cut-off time increased considerably. This
indicates that the Eastern model seems more useful for deter-
mining whether an ESD is very likely or unlikely to take much
time in Western ESD practice.

We decided not to further update the Eastern model, as the
dichotomized outcome does not provide information on how
much longer or shorter a procedure would take than the cut-
off time. Instead, we developed a new formula that predicted
ESD duration as continuous outcome. Using the four predictors
from the Eastern model and some simple transformations, we
were already able to construct a model with satisfactory per-
formance. Strikingly, a relatively low B (+2.2 minutes) and
high P value (P=0.52) were found for tumor location, and this
remained so after including different locations as separate vari-
ables or redefining the categories. Besides, tumor location was
also omitted from the final cESD-TIME formula after backward
selection, suggesting that the influence of this factor on ESD
duration was limited. This was unexpected because anatomical
location, in general, is closely correlated with endoscopic man-
euverability, a crucial determinant of ESD difficulty [7,26].
However, a recent editorial has already pointed out that per-
forming ESD in certain situations (e. g. patients with severe ab-
dominal adhesions or a long and flexible colon) is always diffi-
cult, regardless of tumor location [7]. Besides, selection bias of
lesions in supposedly difficult locations may also explain the
limited predictive value of anatomical location. In any case, it
appears that location does not always faithfully recapitulate
endoscopic maneuverability, thus the complexity and duration
of colorectal ESD.
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Despite the superior performance of the cESD-TIME formula
over current time planning practice, predicting exact proce-
dure times remains quite challenging. For instance, this is re-
flected in the wide prediction intervals and the need for recali-
bration in the Swedish validation cohort, which was reasonable
given the between-cohort difference in ESD performance. Al-
though achieving 100% accuracy is probably utopian [29], as
we can learn from prediction modeling studies for surgical pro-
cedure times (highest R? values around 80% [30,31,32,33,
34]), we acknowledge that there is still room for improvement.
As proposed by several ESD experts [7,26], endoscopic maneu-
verability could be key to increasing the predictive perform-
ance. This is substantiated by a Japanese study [27] and our
finding that maneuverability (as subjectively evaluated during
the ESD) was a significant predictor of procedure duration
(Supplementary Results). Unfortunately, no objective and
standardized criteria are currently available for assessing endo-
scopic maneuverability. Jacques et al. recently proposed the
Size, Maneuverability, Site, History (SMSH) score [35], the
“ESD-equivalent” of the SMSA-classification, for predicting RO
resection without perforation. However, we think that the Man-
euverability category of this classification lacks sufficient detail
for prediction of ESD duration, as it categorizes maneuverabil-
ity only into “good” and “bad” without further specifications in
the scoring criteria. Therefore, we propose some objective and
more precise criteria for systematically classifying endoscopic
maneuverability for colorectal ESD.

Proposed assessment criteria for classifying endo-
scopic maneuverability for colorectal ESD

Endoscopic field of vision

1. Is it easy to make an overview picture of the lesion?
2. Is the lesion located behind a bowel fold?

3. Is the lesion only accessible in retroversion?

Approach for resection

1. Is it easy to touch the full margin of the lesion with the tip of
the endoscope without changing the position of the patient
or assistance of a cap?

2. Isit easy to obtain and maintain a non-perpendicular view of
the lesion?

3. ESD, endoscopic submucosal dissection.

These criteria can be integrated in a classification system with
specific weighting factors or multiplication coefficients. Of
course, such a system should preferably be developed by a
large expert panel of Western and Eastern endoscopists.

While awaiting further improvements in and validation of
the abovementioned ESD time prediction models, we suggest
the following tips for time scheduling in current Western ESD
practice. As a first screening, we recommend using the Eastern
model to determine which procedures are very likely or unlikely
to be completed within 120 minutes. The 120-minute cut-off is
proposed because in this case the lowest (“Easy”) and highest
(“Very difficult”) categories both have a >80% chance of ESD
completion within and outside the cut-off time, respectively.
Thus, “Easy” procedures should be scheduled for less than 2
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hours, and “Very difficult” procedures for 2 hours at least. To
determine how much longer or shorter a procedure would
take than the cut-off time, and for the “Intermediate” or “Diffi-
cult” procedures, we recommend using the cESD-TIME formula
as main guidance. In our opinion, the predicted duration from
the formula can be used to determine the optimal amount of
scheduled time.

The main limitations of our study are related to the retro-
spective design. As a result, some relevant data (e.g. reasoning
behind current time scheduling practice, size of the margin of
normal tissue taken along for each ESD) and potentially impor-
tant pre-procedural predictors (e.g. flexibility of the colon,
maneuverability-related factors mentioned in list above were
unavailable for analysis. The latter issue particularly impacted
the clinical value of the cESD-TIME formula, as we were only
able to develop a formula with moderate performance (R? of
~60%) based on the data that were available. Moreover, it was
unclear how accurate certain variables were assessed that can
be prone to interobserver variability (e.g. tumor size, circum-
ference). This may have decreased the model’s predictive accu-
racy but increased its generalizability as our data reflect daily
practice in which inaccurate assessments may sometimes oc-
cur. Third, the findings from our study may not be fully applic-
able to right-sided lesions due to the relatively small proportion
of such lesions in our cohort (7.8%). However, it is important to
note that these lesions typically are not recommended as initial
cases for novice ESD endoscopists (the primary target audience
of the cESD-TIME formula) because the risk of perforation dur-
ing right-sided ESD in European practice can be relatively high
(up to ~20%) [22]. Lastly, no traction device-assisted ESD tech-
niques were used in our cohort. This is relevant because these
techniques may markedly change the nature of a procedure
[26], and thereby also the factors determining ESD duration.
Therefore, our findings may not be valid for traction device-as-
sisted ESD procedures.

Conclusions

To conclude, by validating a previous Eastern prediction model
and developing the new cESD-TIME formula, we established
two useful prediction tools that could aid time scheduling of
colorectal ESDs in Western settings. These tools have the po-
tential to considerably improve time planning accuracy, as well
as facilitating more widespread implementation of colorectal
ESD at Western endoscopy centers.

Acknowledgement

We would like to thank Jasper van Egeraat (Department of Pub-
lic Health and Primary Care, Leiden University Medical Center,
Leiden, The Netherlands) for his expert advice on the calcula-
tion of the Bayesian estimates and prediction intervals.

Dang Hao et al. Predicting procedure duration... Endosc Int Open 2023; 11: E724-E732 | © 2023. The Author(s).

Conflict of Interest

J.J. Boonstra is a consultant for Boston Scientific. ].E. van Hooft is a
consultant/lecturer for Boston Scientific, Cook Medical, Abbvie and
Medtronics, and received a research grant from Cook Medical. L.M.G.
Moons is a consultant for Boston Scientific. All other authors declare
no potential conflicts of interest.

Funding

Leids Universitair Medisch Centrum http://dx.doi.org/10.13039/
501100005039 190710

References

[1] Ma MX, Bourke MJ. Endoscopic submucosal dissection in the West:
Current status and future directions. Dig Endosc 2018; 30: 310-320
doi:10.1111/den.12960

2

Fuccio L, Hassan C, Ponchon T et al. Clinical outcomes after endo-
scopic submucosal dissection for colorectal neoplasia: a systematic
review and meta-analysis. Gastrointest Endosc 2017; 86: 74-86 e17
doi:10.1016/j.gie.2017.02.024

3

Heitman SJ, Bourke M]J. Endoscopic submucosal dissection and EMR
for large colorectal polyps: "the perfect is the enemy of good". Gas-
trointest Endosc 2017; 86: 87-89 doi:10.1016/j.gie.2017.03.022

(4

Fujiya M, Tanaka K, Dokoshi T et al. Efficacy and adverse events of
EMR and endoscopic submucosal dissection for the treatment of co-
lon neoplasms: a meta-analysis of studies comparing EMR and endo-
scopic submucosal dissection. Gastrointest Endosc 2015; 81: 583-
595 doi:10.1016/j.gie.2014.07.034

Hassan C, Repici A, Sharma P et al. Efficacy and safety of endoscopic
resection of large colorectal polyps: a systematic review and meta-a-
nalysis. Gut 2016; 65: 806-820 doi:10.1136/gutjnl-2014-308481

Li B, Shi Q, Xu EP et al. Prediction of technically difficult endoscopic
submucosal dissection for large superficial colorectal tumors: a novel
clinical score model. Gastrointest Endosc 2021; 94: 133-144 133
doi:10.1016/j.gie.2020.11.012

[5

6

[7

Yahagi N, Maehata T. What is important for a smooth implementation
of endoscopic submucosal dissection? Gastrointest Endosc 2021; 94:
145-147 doi:10.1016/j.gie.2021.04.007

Backes Y, Moss A, Reitsma |B et al. Narrow band imaging, magnifying
chromoendoscopy, and gross morphological features for the optical
diagnosis of t1 colorectal cancer and deep submucosal invasion: a
systematic review and meta-analysis. Am | Gastroenterol 2017; 112:
54-64 doi:10.1038/ajg.2016.403

Baldaque-Silva F, Marques M, Andrade AP et al. Endoscopic submu-
cosal dissection of gastrointestinal lesions on an outpatient basis.
United European Gastroenterol ] 2019; 7: 326-334 doi:10.1177/
2050640618823874

[10] Haasnoot K, Baldaque-Silva F, Koch AD et al. Low risk of local recur-
rence after a successful en bloc Endoscopic Submucosal Dissection
for non-invasive colorectal lesions with positive horizontal resection
margins(R-ESD study). Endoscopy 2023; 55: 245-251

[8

[9

[11] Kaosombatwattana U, Yamamura T, Limsrivilai | et al. Preoperative
endoscopic predictors of severe submucosal fibrosis in colorectal tu-
mors undergoing endoscopic submucosal dissection. Endosc Int
Open 2019; 7: E421-E430 doi:10.1055/a-0848-8225

[12] Lee SP, Kim JH, Sung IK et al. Effect of submucosal fibrosis on endo-
scopic submucosal dissection of colorectal tumors: pathologic review
of 173 cases. | Gastroenterol Hepatol 2015; 30: 872-878
doi:10.1111/jgh.12886

E731



& Thieme

[13]

[14]

[15]

[16]

[17]

(18]

(19]

[20]

[21]

[22]

[23]

[24]

E732

Draganov PV, Aihara H, Karasik MS et al. Endoscopic submucosal dis-
section in North America: a large prospective multicenter study. Gas-
troenterology 2021; 160: 2317-2327 2312 doi:10.1053/j.gas-
tro.2021.02.036

Kamigaichi Y, Oka S, Tanaka S et al. Factors for conversion risk of
colorectal endoscopic submucosal dissection: a multicenter study.
Surg Endosc 2022; 36: 5698-5709 doi:10.1007/s00464-022-09250-6

Tanaka H, Oka S, Tanaka S et al. Salvage endoscopic submucosal dis-
section for local residual/recurrent colorectal tumor after endoscopic
resection: Large multicenter 10-year study. Dig Endosc 2021; 33:
608-615 doi:10.1111/den.13797

Kuroha M, Shiga H, Kanazawa Y et al. Factors associated with fibrosis
during colorectal endoscopic submucosal dissection: Does pretreat-
ment biopsy potentially elicit submucosal fibrosis and affect endo-
scopic submucosal dissection outcomes? Digestion 2021; 102: 590-
598

Miyaguchi K, Tashima T, Terada R et al. A retrospective cohort study
of factors influencing long procedure times in colorectal endoscopic
submucosal dissection. Scand | Gastroenterol 2021; 56: 1255-1263
doi:10.1080/00365521.2021.1958000

Chiba H, Tachikawa |, Arimoto | et al. Predictive factors of mild and
severe fibrosis in colorectal endoscopic submucosal dissection. Dig
Dis Sci 2020; 65: 232-242 do0i:10.1007/s10620-019-05735-y

Fukunaga S, Nagami Y, Shiba M et al. Impact of preoperative biopsy
sampling on severe submucosal fibrosis on endoscopic submucosal
dissection for colorectal laterally spreading tumors: a propensity
score analysis. Gastrointest Endosc 2019; 89: 470-478 doi:10.1016/].
gie.2018.08.051

Ngamruengphong S, Aihara H, Friedland S et al. Endoscopic submu-
cosal dissection for colorectal dysplasia in inflammatory bowel dis-
ease: a US multicenter study. Endosc Int Open 2022; 10: E354-E360
doi:10.1055/a-1783-8756

Kasuga K, Yamada M, Shida D et al. Treatment outcomes of endo-
scopic submucosal dissection and surgery for colorectal neoplasms in
patients with ulcerative colitis. United European Gastroenterol | 2021;
9:964-972

Ronnow CF, Uedo N, Toth E et al. Endoscopic submucosal dissection of
301 large colorectal neoplasias: outcome and learning curve from a
specialized center in Europe. Endosc Int Open 2018; 6: E1340-E1348

Spychalski M, Skulimowski A, Dziki A et al. Colorectal endoscopic
submucosal dissection (ESD) in the West - when can satisfactory re-
sults be obtained? A single-operator learning curve analysis Scand |
Gastroenterol 2017; 52: 1442-1452

Probst A, Golger D, Anthuber M et al. Endoscopic submucosal dissec-
tion in large sessile lesions of the rectosigmoid: learning curve in a

[25]

[26]

[27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

European center. Endoscopy 2012; 44: 660-667 doi:10.1055/5-0032-
1309403

Yamashina T, Nemoto D, Hayashi Y et al. Prospective randomized trial
comparing the pocket-creation method and conventional method of
colorectal endoscopic submucosal dissection. Gastrointest Endosc
2020; 92: 368-379 doi:10.1016/j.gie.2020.02.034

Jacques |, Legros R, Wallenhorst T et al. Prediction of technically dif-
ficult, colorectal, endoscopic submucosal dissection: Is the proce-
dural time a good endpoint? Gastrointest Endosc 2021; 93: 1435-
1436 doi:10.1016/j.gie.2021.01.002

Hayashi N, Tanaka S, Nishiyama S et al. Predictors of incomplete re-
section and perforation associated with endoscopic submucosal dis-
section for colorectal tumors. Gastrointest Endosc 2014; 79: 427-435

Thorlacius H, Ronnow CF, Toth E. European experience of colorectal
endoscopic submucosal dissection: a systematic review of clinical ef-
ficacy and safety. Acta Oncol 2019; 58: S10-S14 doi:10.1080/
0284186X.2019.1568547

Goel R, Kanhere H, Trochsler M. The 'Surgical Time': a myth or reality?
Surgeons' prediction of operating time and its effect on theatre
scheduling Aust Health Rev 2020; 44: 772-777 doi:10.1071/
AH19222

Eijkemans Marinus |C, van Houdenhoven M, NguyenT et al. Predicting
the unpredictable: a new prediction model for operating room times
using individual characteristics and the surgeon's estimate. Anesthe-
siology 2010; 112: 41-49

Edelman ER, van Kuijk SMJ, Hamaekers AEW et al. Improving the pre-
diction of total surgical procedure time using linear regression mod-
eling. Front Med (Lausanne) 2017; 4: 85 doi:10.3389/
fmed.2017.00085

Stromblad CT, Baxter-King RG, Meisami A et al. Effect of a predictive
model on planned surgical duration accuracy, patient wait time, and
use of presurgical resources: a randomized clinical trial. JAMA Surg
2021; 156: 315-321 doi:10.1001/jamasurg.2020.6361

Kayis E, Wang H, Patel M et al. Improving prediction of surgery dura-
tion using operational and temporal factors. AMIA Annu Symp Proc
2012; 2012: 456-462

Martinez O, Martinez C, Parra CA et al. Machine learning for surgical
time prediction. Comput Methods Programs Biomed 2021; 208:
106220 doi:10.1016/j.cmpb.2021.106220

[35] Jacques |, Juglard C, Lambin T et al. The size, manoeuvrability, site,

history scork (SMSH) — A new tool for predicting the outcomes of
colorectal endoscopic submucosal dissection. Gastrointest Endosc
2022; 95: AB149-AB150

Dang Hao et al. Predicting procedure duration... Endosc Int Open 2023; 11: E724-E732 | © 2023. The Author(s).



