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(a) Clip-level Pairing

Contrastive Learning
G

| open the vein ...
I bend my needle ...

B Video Embedding
A Narration Embedding
A Abstract Embedding

|This is the peritoneum ... |

Time

A Keystep Embedding

See the artery here ...

(”) Average Pooling

(b) Phase-level Pairing

| open the vein ...
I bend my needle ...

|This is the peritoneum ... |

Vaginal closure

| See the artery here ... |

Child-level
(c) Video-level Pairing

Parent-level

Exploration

This is the case of a 56-year-
old woman with abdominal
pain due to a uterine myoma.

Vaginal closure

A 5cm subserous myoma is
located on the posterior ...

Child-level

Parent-level

N | open the vein ...

| bend my needle ...

- Challenges [

Textual Information Loss:
Transcribed narrations from surgical
lectures often contain errors, missing|
information, and inconsistencies.

Spatial-Temporal Complexity:
Surgical procedures involve complex
sequences of actions and
interactions between instruments and
anatomy, requiring models to capture
both fine-grained details and long-
term dependencies.

PeskaVLP: This novel framework]
tackles the challenges of textual
information loss and spatial-temporal
complexity in surgical VLP. It uses
hierarchical knowledge augmentation
and a procedure-aware contrastive|
learning objective (LecNCE) to learn|
robust visual representations forf
surgical scene understanding, from

\language supervision.

(a) Clip-level

This is the peritoneum ...

Contrastive Loss
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A patient was admitted with dysphagia, nausea and postoperative vomiting.

See the artery here ...

(b) Phase/Video-

understanding.
level

I

mik

Parent-level These symptoms were associated with a more typical GERD. Exploration
demonstrated the presence of a rare disease: a gastric diverticulum ... -4
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Procedure-Aware Contrastive
Learning (LecNCE ):

LecNCE clip: Combines
language supervision with
visual self-supervision at the
clip level to improve data
efficiency and visual
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* LecNCE phase/video: H
Employs Dynamic Time :
Warping (DTW) loss to 1
explicitly model procedural :
alignment between !
hierarchical video-text pairs. |,
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» Captures long-term
dependencies and temporal
order of surgical steps.
Handles variations in
procedure execution and
temporal alignment across
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SKB: Surgical Step Knowledge Base

Context 1. Multi-recurrent right i | hernia: ad of the lap: pic TAPP
o o o approach
Sy recurrent_ pehtinesinal hemisedvantagss a. The surgeon starts by making an incision in the right inguinal region of the
of the laparoscopic TAPP approach ST
2. Deep infiltrating riosis (DIE): lap pi @ p
ﬂ inserted
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N. Laparoscopic uterine artery clipping at its origin resection
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b. Through the incision, the laparoscope and other special surgical tools are :
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N. Laparoscopic uterine artery clipping at its origin 10445 steps, 917 lectures
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(b) Hierarchical Knowledge Augmentation
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: b A patient was admit@d with'dysphagia, naf.lsea and postopera'itive vomiting. These This video belongs to the General :
: Abstracts symptoms were associated with a more typical GERD. Exploration demonstrated the and Digestive, specifically focusing :
1 presence of a rare disease: a gastric diverticulum ... onistomach and duodenum H
: surgeries. The lecture showcases a :
H Gastric diverticulum ... !
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: Time Manipulating and freeing the right 1
I @ crus, often using dissection tools like :
! ilizati GPT4
1 Keysteps Exploration ll MO?"'HUO" of retractors or forceps. !
! right crus Explain J
1
: ... contrast swallow ... the intervention ... asmall left ... the true xyz Proceed with the crus dissection at :
: Narrations| and follow through || be begin with the hepatic artery be identify the Assign Step the level of the diverticulum taking :
1 confirm... opening ... not preserve ... pertinent fold ... care not to injure adjacent structures | |
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Zero-shot Text-based Video Retrieval Clip-Narration Phase-Keystep Video-Abstract

! |
! [ ClipNamation |  Phase-Keystep |  Video-Abstract |
1
\ method | R@1 R@5 R@I0 [R@I R@5 R@I0 |R@I R@5 R@I0 !
1 Text-to-Image (%) :
1 CLIP[50] | 29 52 67 | 17 32 63 | 12 17 258 Initialization M
| SurgVLP[73] | 28 118 161 | 16 68 116 | 13 82 155
| HecVL[72] | 27 113 172 | 39 137 213 | 282 741 823 !
| PeskaVLP | 32 132 233 | 61 210 354 | 388 753 859 :
I | Image-to-Text (%) |
1
| CLIP[SO] | 18 39 60 | 03 12 27 0 70 164 1
| SugVLP[73]| 13 86 135 | 10 4l 73 | 13 86 146 1
| HeeVLIT2l | 20 90 162 | 19 83 148 | 212 659 718 SurgVLP |
H PeskaVLP | 24 131 213 | 34 149 248 | 388 753 811 1
! |
! 1
1 Zero-shot Surgical Phase Recognition h
1
\ Model Dataset __ Cholec80 _ Autolaparo _StrasBypass70 _BemBypass70__ Average !
1
| MILNCE(44] Howtol0OM 7.8/73 _ 99/79 56/3.1 24721 64751
1 CLIPA0OM 308/ 13.1 174791 169/55 i4g/a1 199750  PeskaVLP 1
I CLIP [50] Scratch 29.4/104 153/109 63/3.5 49/23 140768 1
SVL 338/19.6 189/162 15.8/8.6 17.8/7.1 21.6/129 1
| SugvLP[73] SVL  347/244 2137166 108769 114772 1967138 \
I THecVL72] SVL  417/263 233/189  269/183 _228/136 287/193 h
1 PeskaVLP SVL  d5i7MI 335/2006 467 M6 4577226 ALO/2T0 H

Zero-Shot Transferability: Pretrained PeskaVLP models
can be directly applied to downstream tasks without
finetuning, showcasing its generalizability and versatility.
Strong Visual Representation: PeskaVLP learns robust
visual representations that generalize well to various
surgical scene understanding tasks.




