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Abstract

Background Phase and step annotation in surgical videos is a prerequisite for surgical scene understanding and for down-
stream tasks like intraoperative feedback or assistance. However, most ontologies are applied on small monocentric datasets
and lack external validation. To overcome these limitations an ontology for phases and steps of laparoscopic Roux-en-Y
gastric bypass (LRYGB) is proposed and validated on a multicentric dataset in terms of inter- and intra-rater reliability
(inter-/intra-RR).

Methods The proposed LRYGB ontology consists of 12 phase and 46 step definitions that are hierarchically structured. Two
board certified surgeons (raters) with > 10 years of clinical experience applied the proposed ontology on two datasets: (1)
StraBypass40 consists of 40 LRYGB videos from Nouvel Hopital Civil, Strasbourg, France and (2) BernBypass70 consists
of 70 LRYGB videos from Inselspital, Bern University Hospital, Bern, Switzerland.

To assess inter-RR the two raters’ annotations of ten randomly chosen videos from StraBypass40 and BernBypass70 each,
were compared. To assess intra-RR ten randomly chosen videos were annotated twice by the same rater and annotations
were compared.

Inter-RR was calculated using Cohen’s kappa. Additionally, for inter- and intra-RR accuracy, precision, recall, F1-score, and
application dependent metrics were applied.

Results The mean + SD video duration was 108 +33 min and 75421 min in StraBypass40 and BernBypass70, respec-
tively. The proposed ontology shows an inter-RR of 96.8 +2.7% for phases and 85.4 +6.0% for steps on StraBypass40 and
94.9 +5.8% for phases and 76.1 +13.9% for steps on BernBypass70. The overall Cohen’s kappa of inter-RR was 95.9+4.3%
for phases and 80.8 + 10.0% for steps. Intra-RR showed an accuracy of 98.4 + 1.1% for phases and 88.1 +8.1% for steps.
Conclusion The proposed ontology shows an excellent inter- and intra-RR and should therefore be implemented routinely
in phase and step annotation of LRYGB.

Keywords Laparoscopic Roux-en-Y gastric bypass - Ontology - Inter-rater reliability - Intra-rater reliability - Surgical data
science

The aim of Surgical Data Science (SDS) is to analyze data  patient safety and clinical outcomes [1]. Opposed to tra-
sources acquired during surgical treatment to improve  ditional clinical research centering on preoperative patient
characteristics and postoperative outcomes, SDS focuses on
the whole data stream of surgical treatment. To unravel the
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tapped in the past [2]. In the last decades however, the evolu-
tion of computer vision (CV), which is the analysis of visual
information by computer algorithms, boosted the potential of
surgical video analysis.

One of the most analysed surgeries in SDS is laparoscopic
cholecystectomy (LCHE). Classical CV tasks in the analysis of
surgical videos are phase recognition and tool presence detec-
tion. They were developed for LCHE [3]. Moreover, safety
feedback [4, 5] and surgical skill assessment algorithms [6]
were trained on LCHE videos. However, the disadvantage of
LCHE as a model intervention for SDS is that there are hardly
any intraoperative events or postoperative complications to
study given the limited size of datasets. Therefore, recent SDS
research focuses on longer and more complex procedures like
colorectal [7, 8] or bariatric surgery [9, 10].

Laparoscopic Roux-en-Y gastric bypass (LRYGB) is one
of the most performed bariatric surgeries worldwide [11, 12].
The reported numbers of postoperative complications range
between 4 and 13% [13—15]. Its technical standardization, the
moderate duration, and frequent postoperative outcome events,
make it an excellent candidate for CV-assisted video analysis.

Surgical interventions can be hierarchically decomposed
into phases (e.g., access, mobilization, resection, reconstruc-
tion, disassembling), that consist of more fine-grained steps
(e.g., cavity exploration, trocar placement, retractor place-
ment, etc.) [16]. In contrast to the technical standardization
an ontology defines how to describe a surgical intervention in
a structured and generic way [16, 17]. The word ontology is
derived from the ancient Greek words &v (being, that which is)
and Adyog (reason, rational, principle, logical reasoning) and
refers to the ‘study of being’.

However, most datasets in SDS are small, monocentric,
and lack external validation. To overcome these limitations,
larger and multicentric datasets are warranted. Furthermore,
variability of ontologies and its application on datasets limits
generalization across centers [18]. To ensure data quality and
reliable algorithms procedure-specific ontologies need to be
defined and validated multicentrically.

This work is the first to propose a LRYGB ontology for
phases and steps and to validate it on a multicentric dataset
in terms of inter- and intra-rater reliability. The application
of this ontology enables workflow analysis across surgeons
and centers. Furthermore, it facilitates downstream applica-
tions of SDS, as the training of phase and step recognition
algorithms using artificial intelligence for automated surgical
video analysis.
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Methods
Ontology

The proposed LRYGB ontology was developed by the
surgical staff of the Department of Digestive and Endo-
crine Surgery at Nouvel Hdpital Civil (University Hos-
pital of Strasbourg), France [10]. Based on pre-recorded
anonymized surgical videos, the procedure was hierar-
chically broken down into phases and steps. Phases were
defined as all first level temporal components that must
be executed sequentially to allow the achievement of the
surgical objectives. While the steps were defined as the set
of actions that must be accomplished during the phases to
yield the task of choice. The hierarchical structure of the
ontology is displayed in Fig. 1. Subsequently, a temporal
annotation framework to define the start and end time of
each phase and each step was agreed upon by consensus.
This ontology was presented, discussed, and validated by
a panel of international faculty that attended the Lapa-
roscopic and Endoluminal Bariatric and Metabolic Sur-
gery Course held at IRCAD France from November 28 to
December 01, 2018. It was adapted for multicentric use
and contains 12 phase and 46 step definitions as outlined
in the Supplementary Material (Tables S1, S2).
Datasets

Two board certified visceral surgeons (referred to as raters)
with over 10 years of clinical expertise applied the pro-
posed ontology to two datasets. (1) The StraBypass40
dataset consists of 40 LRYGB videos recorded at Nouvel
Hopital Civil, University Hospital of Strasbourg, France
[10]. (2) The BernBypass70 dataset consists of 70 LRYGB
videos recorded at Inselspital, Bern University Hospital,
Bern, Switzerland.

Intervention

Inter-rater reliability (inter-RR) defines the extent of
agreement among observers, whereas intra-rater reliabil-
ity (intra-RR) defines the consistency of observations of
a given observer over time. To assess the inter-RR of the
proposed LRYGB ontology ten randomly chosen videos
of the StraBypass40 and BernBypass70 datasets were
annotated according to the step and phase definitions as
provided in the Supplementary Material (Tables S1, S2)
by both raters using the in-house video annotation tool
MOSaiC. The annotations of both raters were compared.
To assess the intra-RR of the proposed LRYGB ontology
ten randomly chosen videos were annotated a second time
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Fig. 1 Hierarchical structure of phases and steps in the proposed laparoscopic Roux-en-Y gastric bypass ontology. Facultative phases and steps

have a dashed border

by the same rater after a wash out phase of 1 month. The
two sets of annotations were compared.

Evaluation

Inter- and intra-RR was calculated using accuracy, preci-
sion, recall and F1-scores. Accuracy is the proportion of
correct predictions among the total number of observations.
Precision is the proportion of true positives among all (true
and false) positives and referred to as the positive predictive
value. Recall is the proportion of true positives among all
relevant observations (true positives and false negatives) and
referred to as sensitivity. Fl-score is the harmonic mean of
precision and recall and is a measure of accuracy.
Furthermore, average transitional delay, noise level and a
coefficient of transitional moments were calculated to apply
application dependent metrics as proposed in [19]. Every
transition from phase to phase or from step to step is con-
sidered a transitional moment. Average transitional delay is
the average delay between the annotated and the real tran-
sitional moment. It can be positive or negative. Noise level
is the proportion of annotated phases or steps not being part
of a real transitional moment among all annotated phases
or steps. The coefficient of transitional moments is the ratio
of annotated to real transitional moments. The transitional
delay threshold was set to 5 s. Cohen’s kappa has been used

to calculate inter-rater reliability to account for agreement
of raters by chance [20].

The comparison of two sets of annotations is not sym-
metric. In the validation of computer algorithms, the human
annotation always serves as ground truth. Given that this
study compares two set of human annotations, each set was
treated once as ground truth and metrics were averaged
across both comparisons. All metrics were applied for every
video separately on phases and steps on a millisecond level
and averaged across datasets.

Results

For StraBypass40 the mean + SD video duration was
108 +33 min An average LRYGB video consisted of 10
phases and 33 steps.

For BernBypass70 the mean + SD video duration was
75+21 min An average LRYGB video consisted of 8 phases
and 27 steps.

Average phase and step durations in the StraBypass40 and
BernBypass70 datasets are displayed in Fig. 2.

Quantitative inter-RR results for StraBypass40, BernBy-
pass70 and overall inter-RR results are shown in Table 1.
Intra-RR results are shown in Table 2. Qualitative results in
form of a visual comparison of the best and worst matching
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phase and step annotation pairs for StraBypass40 and Bern-
Bypass70 are shown in Fig. 3.

Across datasets inter-RR and intra-RR metrics show bet-
ter results for phase compared to step recognition. Further-
more, inter-RR metrics on StraBypass40 show better results
than on BernBypass70. The application dependent metrics
show a 0.4-1.2% boost compared to the classical metrics.

Discussion

The excellent inter-RR of 95.9% for phases and 80.8% for
steps of the proposed ontology demonstrate its easy applica-
tion and reliable use for the annotation of LRYGB phases
and steps by multiple raters in multiple institutions. Moreo-
ver, the excellent intra-RR of 98.4% for phases and 88.1% for
steps shows that annotations of the same rater are consistent
over time.

Given these tremendous results, we advocate for the
routine use of the proposed ontology in LRYGB. This will
standardize video analysis of LRYGB surgery and will allow
comparison of surgical workflows across surgeons and cent-
ers. The routine use of this ontology facilitates standardized
video review for educational purposes, performance assess-
ment, and quality improvement programs. Furthermore, it
enables downstream applications as the training of artificial
intelligence algorithms to automatically recognize phases
and steps, to give intraoperative feedback or assistance.
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For laparoscopic cholecystectomy, one of the most ana-
lyzed surgeries in SDS, a systematic review identified 8
different phase definitions in the literature [18]. Multiple
phase definitions are a hindrance to comparison of results
across datasets and institutions. Therefore, with the defini-
tion and multicentric validation of an LRYGB phase and step
ontology we aim to prevent the use of multiple competing
ontologies. To implement the use of the proposed ontology
on a global scale, awareness for surgical video recording in
general, and in particular, larger consensus among bariatric
surgeons using the Delphi method must be created.

Inter-RR and intra-RR metrics are higher for phase com-
pared to step annotation. Comprising 12 phases and 46 steps
the proposed ontology is less granular on the phase than on
the step level. This leads to lower variability in phase com-
pared to step annotations. Therefore, the ontology performs
better in terms of inter- and intra-RR on a phase than on a
step level.

As the two datasets are from different institutions and
therefore represent different surgical techniques, the aim
of this study is not to compare them. However, to under-
stand the performance difference of the proposed ontology
on StraBypass40 and BernBypass70 it is crucial to elabo-
rate, how they differ. When comparing StraBypass40 with
BernBypass70, there is a considerable difference in aver-
age video duration (108 vs. 75 min). This is also reflected
by the greater average number of phases and steps in Stra-
Bypass40 compared to BernBypass70 (10 vs. 8 phases,
33 vs. 27 steps). In StraBypass40 the creation of the gas-
tric pouch (phase 2, 26 vs. 15 min) and the creation of the



Surgical Endoscopy

juopuadap uoneosrjdde gy TOAS] 9SIOU TN ‘SIUSWOW [RUOTIISULI) JO JUATOLFo00 Wl ‘Kefop Teuonisuen oSerone Iy

ASIMISYIO PJEIS Jou JT Juddrad ur ‘S F ueow are sommowr pajodar [y

CLIFLOL SLIFOT18 89I+118 7’8+ 568 98+T8 70+ €001 TEFL9 TIIFS9L POIF8LL POI+8'LL ['8+1°88 sdaig
Py+596 Y'¥+996 ¥Y+596 0'T+886 90+¢0 6’ TFL00T1 TSFEL YY+T56 Yy+¢56 Yy+¢56 I'T+9'86 saseyd
21008-1-qV [Ted0I-qV uorsoa1d-qy Koemooe-qy IN WL (spuodes) ALV Q100§-11 reooy UoIsIoa1g Koemooy
sy[nsa1 Ajiqer[al sojel-enuy :A3ojojuo ssed£q ornsed x-ua-xnoy drdossoreder oy jo uonepreA g sjqelL
juopuadap uoneorjdde gy TOA9] 9SIOU TN ‘SIUSWOW [RUOTIISURI) JO JUATOLFo00 WLy ‘Kefop Teuonisuen oSeroae IV
ISIMIaYIO Pajels J0u J1 Juadrad ur ‘(S F ueaw are soraw paytodar [y
€8IF9L9 68IFV69  68IFT69 OTIFLE] 6TIFLET LOIFH00I OLFYTL CLIFIYI T'8IFS99 T'8IFS99 LOIFST8 001F808 sdaig
SOITFL06 CTOIFOI6 r'6+S16 LEFTL6 6€F0T LSFI66 TYFI6 VvOIFT68 TO0IFL68 TOIFL6S LEFLIO EYF6'S6 seseyd  [[eIeAQ
60CF86S LITFYI9  VITFET9 TEI'F96L €¥IF08T 90F¥10I TIOFLOL L6IFTLS S0TFYBS S0TFYBS 9TIF8L 6€1F19L sdag
€TIF8L8 ¥TIF88 801 F068 LY¥696 6v+ST  61F800I1 €EF00I 0CIF868 0CTIF998 0TIF998 9+F096 8SF6F6 soseyd (Lssedhg
LOTFTSL TIIFELL  8O0IFTLL T9F6L8 YI9FT6  01F6001 06F¥¢l 00IF0CL VOIFTYL ¥OI'FTYL 09F998 09F 68 sdag
T'LFSE6 89F8¢6 89+F8¢6 TTFYL6 €TFST 0+ 1001 8Y+T8  69F9T6 99F6T6 99F6T6 ITFVL6 L'TF896 soseyd (Qpssedhg
QI00s-TJ-qV  [[ed9I-QV Uoiswaid-qy  Aoeindoe-qy N WLy (spuooes) LY =~ 9100s-Tg [eooy  uoisward  Aoemooy eddey s.ueyo)

syrnsax Ajjiqerfar 10jeI-19uy :A30[0juo ssedAq oLnses x-uo-xnoy ordoosorede| oyl Jo uonepies | d|qeL

pringer

a's



Surgical Endoscopy

Fig.3 Visual comparison of a
annotations. a Phase annota-
tion, b Step annotation. In the
top row comparison of the best
matching annotation pairs, in
the bottom row comparison of
the worst matching annotation
pairs of the StraBypass40 and
BernBypass70 datasets. The
width of each phase / step cor-

best pair

StraBypass40

BernBypass70

p4
p8
p6

p4
p8
b6

responds to its relative duration
and the labels correspond to
the respective phase / step as
outlined in Fig. 1

worst pair

p4
p8

p4
p8
p6

best pair

worst pair

jejunojejunal anastomosis (phase 8, 24 vs. 18 min) takes
considerably longer when compared to BernBypass70. The
main differences in surgical technique between datasets are
the routine division of the omentum (phase 3, 95 vs. 36%),
Petersen space (phase 7, 98 vs. 16%) and mesenteric defect
closure (phase 9, 100 vs 21%) in StraBypass40 compared to
BernBypass70.

Inter-RR metrics on StraBypass40 show better results
when compared to BernBypass70. This is likely an effect of
the difference in average video duration between datasets.
Given the same number of phase and step transitions, the
longer a video is, the less the metrics are influenced by a
single transitional delay.

Using application dependent metrics, a 0.4—1.4% boost
in accuracy, precision, recall and F1-score can be observed.
This is due to the relaxation of transitional moments by
extension of the acceptable transitional delay. Setting the
transitional delay threshold allows to tailor the metrics
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application dependent to the desired use case. To estimate
the remaining time of an intervention based on a phase and
step recognition algorithm a 5 s delay is reasonable. How-
ever, for real-time intraoperative decision support 5 s delay
are too long and will limit the acceptance of the applica-
tion. Considering the first use case, in this study the transi-
tional delay threshold was set at 5 s to calculate application
dependent metrics as proposed in [19].

Limitations

Despite being multicentric this study includes only two
raters and two institutions. As surgical video annotation is
time consuming and needs domain expertise, it is expensive.
Therefore, annotation resources must be attributed carefully.
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Conclusion

The proposed ontology shows an excellent inter- and intra-
RR and should therefore be implemented routinely in phase
and step annotation of LRYGB videos. This will facilitate
education, performance assessment, and quality improve-
ment programs. Moreover, the application of the proposed
ontology will enable the development of downstream tasks
as automated phase and step recognition, intraoperative
feedback, or assistance by use of artificial intelligence.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00464-022-09745-2.
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