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Table 1: BfRdeifiss: BELCE, SOV, B DI R SCRREEmE] (CFIME + rifEzz)
FP1, SfEDyiafRgemiin) ((Fa9(E + AnifE2E) [FP1, 1 FPS MUloR Y niii.

Source Dataset  # Patients # Clips  Context Duration [s]  Clip Duration [s] 1 FPS Frame Count # Current Frame

CholecT50 50 729 1339.06 + 560.63 91.84 £ 142.77 66953 679
HeiChole 24 497 717.58 £325.32 34.65 + 36.61 17222 473
Overall 74 1226 1137.50 £ 575.61 68.66 £ 115.99 84175 1152

Table 2: ZfE A BOTEL. FREEmEGeit (CFI9E S RifEZE) , Hlidindl OB MR 1 FPS Wikl

Action CholecT50 HeiChole Overall
Count Duration [s] 1 FPS Frame Count | Count  Duration [s] 1 FPS Frame Count | Count Duration [s] 1 FPS Frame Count
Aspiration 39 36.00 § 47.60 1404 19 37.0520.05 704 58 36.34 5 40.69 2108
Coagulation 89 40.62 §65.79 3615 21 15.95§15.11 335 110 35.91560.33 3950
Dissection 298 179.755185.51 53565 299 451284224 13491 597 11232515034 67056
Tissue Retraction | 232 225052135 5221 89 15.81§14.13 1407 321 20.65519.84 6628
Vessel Clipping 71 44.34$3591 3148 69 18.62513.76 1285 140 31.66 § 30.21 4433
A = MLLM(O, Prompts) 9]
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LR, RG4S AL SR, o MLLM 32 B 5 1., A RHAERR
SNEHY AT (WLE D). SMERRREE ST R AR Rl TR I
¢ 4 LT T IR BT T BRI T BN A . (7 Sh R ARRE 1 RS A B0 %4 30
Mo PRI I, LR A A RGN, AU ERERR , iiEE )
7. 224 BRI TR0 TE . FLHOK DL, S5t RIS TR, DI et b
RIS LR, DB RS, HER Il AS IR AT 5 HIXE T ) T (Rt e, %
FRSCRITRNG . 224 PRk PN KK, DL G D G0 Frah . e AP0 (A =
AR T — B TR, RTREA I, R MR R B
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Text
input

H | 1. What's the Scene Understanding? | 1
| You are a surgical analyst specializing in 1
! laparoscopic cholecystectomy, focusing on | 2. What's the Progress Assessment? | 4
1 gallbladder dissection and vessel
management. You need to analysis the | 3. What's the Safety Considerations? |
surgical guidelines: Surgical | image from a surgical process. Based on thy
steps must follow these 1 provided information (surgical process,
principles: surgical guidelines, action descriptions), yol
Action descriptions:
Aspiration: ......

Surgical process:

4. Based on Scene Understanding,
Progress Assessment, Safety
need to provide the following: Cor_\slderatlons, What'sithe Next

H Action?

........................................................

Next action
Dissegtion

'
1| 1. Scene Understanding: The base of the gallbladder is exposed, and both the cystic duct and artery are identifiable.
However, full circumferential dissection of both structures is not yet complete. 1

'
1| 2. Progress Assessment: The procedure is in the **vessel identification and dissection phase**, approaching the
1| **vessel clipping phase**. '

Output H

'
'

'

'

'

1| 3. Safety Considerations: Incomplete dissection may lead to misidentification of structures or improper clip placement. H
———>| There is also a risk of injuring the common bile duct if clipping is attempted prematurely !
'

'

'

'

'

'

3. Next Action:

Most Probable Action : Dissection. Reasoning: Full circumferential exposure is mandatory before clipping.
Second Probable Action: Tissue Retraction. Reasoning: While retraction is already being applied, further adjustment may |,
be needed to optimize exposure of the posterior aspect of the cystic structures.
Third Probable Action: Aspiration. Reasoning: Although the field is relatively clear, minor fluid accumulation or blood may |1
be present.

Final Answer: [Dissection, Tissue Retraction, Aspiration]”,

Figure 2: A1) MLLM fEQUE NP ARITI . 257 “Hui” SR, AL
REHIIALURAE, MLLM AP ARGEHE s MUT PRI SO 4 BT 3 5B . b feat
RG22 B SR G A, MMLLM BAUfER: 247307

4 5

GPT-40. QwenVL2.5-Instruct-72B. Claude-3.5-Sonnet. GeminiPro2.5, Step-lo fll GLM-4v {E
A ELE MLLM B8, 47 SE30 4576 8 NVIDIA A800 GPU [i#EAT. AR DA IFH 845

FEAR- 8« TERRMEREARGIEMME (FEA-S ) 7, WA ZR R RIERY), BN T —
NAE a; WAHERE IR 5 FLSEEE a; KEHPLHC. Top-2 Fl Top-3 FArt@ (it ot S iy vl
PaifEe TR, WIRESLENE a; 43050 AR Y S A W] REAG RIS BCAT = AT b, JAK
PR IERI . PR S : N T IR Se B P AR AR Pz AL, AT R AR
FOMBMAAT FORG ] (R A BOMERRTE . 0F TR NS0, FoA T SErfE B4
PP I RE ARG 5 S HERfE , SRS TEREA TR R XX SR P o XL TR AR
FARZEA LRI, MARICLAIEEA . BRI R« Oy 73S R T AR AR
AR TR AT, FANTG A HE A HER PR bR . WRTTINAE IR a; VRl =4 Ay B L sk
a; BB SENE ai , WICHAR R +1 2AEZE (65 € {ai, a1} ) EN T LR
FARSFRE P IR R) B AR R G, BRSO IR W] DA e BT AP IR, AL
PAAEIRIR G R . RO R« O T AER N JZ T HER AL RE B AR PRAL [ =% pE 3 LS it
FEFAR TR B A R )AL e, AT IZEgon (B AZ)) JRETMER. X
B, AV SEARIE (FEARGN R ) THSAEAG MES I, RS A T AR
PR S IO R HE S e — I VEREAS- 40

AT 7 ARSI 2 RS IE S 1% (OpenAl-ol, GPT-40, QwenVL2.5-72B. Claude-3.5-
Sonnet, GeminiPro2.5, Step-lo Fl GLM-4v) ¥£ CholecT50 #il HeiChole I ¥R~ T HERS
#E (S) ALsE (R) 2N, MFEAZHFIVIRZ /T FARMEHGE i ek (k8
FEB ), FELIALTE:

1. YR 2P ALY . OpenAl-ol FLAEHERLGE JJHE Cholec50 | HUfG T Ry HEA S Fl
FEA R, IF4E HeiChole FAEAS S HpHEZEE —, TAEA R P28 —, RIMA. GPT-4o
TERRE S AT T RREEAE Top-1 #£78 S HEMIZE T 45E (B, 7E Cholec50 |y 34.61 %, ¢
HeiChole |24 59.20 %), J&IL T RAFHZALRE ). GLM-4v IR i) Top-1 FiA-s | {H
B Top-3 FEAR-S | SREHAGZRIGIRMERLBE I iR (ER R 55

2. Bl AEdE E Pk K . CholecT50 tb HeiChole B ELBk i, Fra iy Top-1 1541 WA
(40, Claude-3.5-Sonnet ¥ CholecT50 | J& 28.87 %, 1fi#E HeiChole |2 46.30 %), Xfhi
PEAE Top-3 45ARHA2/N, W7 T AEAIRL BE T AR R0 I8 A7 AL 3 s B AN s 1 o

3. VAR ER R . MARHE (S) BITERS (R) ZRMFR0dfalm s 7 1ERE, Top-1 Sample-
S s st 20 % (BN, GPT-do 7E Cholec50 M 34.61 % BRTH5] 67.41 %) . X /N2 T
MLLMs % A% T AR ME UM . B P-4 (Video- S fil Video- R ) /R TR Z 4k
BRUEREAR G ASAR E A 4383 (B, Step-lo ¥E CholecT50 | Top-1 Video- R J& 71.47 %,
i Top-1 Sample- R & 67.25 %),
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4. LR SRR . GLM-4v Hl Claude-3.5-Sonnet 76 F AR EVETHRIE S th A, 4> BITE
Cholec50 ] Top-1 Sample- S 1 Top-3 Sample- S FP154r 51K

B B 1A PR R BTN SO RN, s TS R . EREIEAL L A IR IE A
PATHIBNE . IERRRME Y AZR (5 o, A S M DAKY G AR C . 70 T B UME R K Calot
SRR AR b, RN AR, R IR K . B
THE BRI B, R SRIE T AR ) e A AR A T

Table 3: YERRHE (SE4ILIE) FITERA (+1 P22 SAFT , DAREARZL (4i0) IS (45838 )
Y FE 14l CholecT50 #1 HeiChole £l 4E 10 Fbig EfE . MUAME T ictE:rERE, 177 underlined B
FORE AR 22 A 0

Dataset Model Sample-S Video-S ‘ Sample-R Video-R
Topl Top2 Top3 Topl Top2 Top3 ‘ Topl Top2 Top3 Topl Top2 Top3
OpenAl-ol 36.82 44.04 46.69 3942 4557 4893 | 69.16 7854 7933 7401 81.61 82.15
GPT-40 34.61 6421 7776 3586 6248 7585 | 6741 9221 97.62 69.82 9275 97.53
CholecT50 QwenVL2.5-Instruct-72B  29.01 55.82 7393 31.01 55.83 71.61 | 5851 85.85 96.50 61.86 86.08 94.70
Claude-3.5-Sonnet 28.87 4831 57.44 30.87 49.62 57.82 | 57.23 7838 83.78 59.23 80.07 84.58
GeminiPro2.5 28.87 58.03 7747 3042 5649 7513 | 5199 8458 9555 S51.12 8215 93.38
Step-lo 3446 5376 69.37 3593 5559 69.46 | 67.25 8521 9507 7147 8789 9588
GLM-4v 18.02 51.70 81.09 21.47 5596 81.74 | 36.84 86.60 96.81 41.75 8941 97.74
OpenAl-ol 5729 6385 64.06 5735 6402 6428 | 76.61 84.41 8441 7694 84.64 84.64
GPT-40 59.20 7442 83.09 59.00 7473 83.46 | 76.61 90.87 94.65 7646 90.59 94.29
HeiChole  QwenVL2.5-Instruct-72B  48.63 74.84 86.05 4839 74.60 86.23 | 63.92 89.76 9532 63.60 89.66 95.23
Claude-3.5-Sonnet 4630 64.69 66.38 4542 64.81 66.58 | 6526 82.85 83.30 6427 8241 82.76
GeminiPro2.5 4630 6829 79.07 4490 67.63 7835 | 64.81 82.85 90.20 63.41 8147 89.03
Step-1o 5391 6850 76.74 53.63 6859 76.68 | 71.94 86.41 90.65 71.73 86.78 90.49
GLM-4v 29.66 76.69 86.02 29.58 7722 86.12 | 47.77 9397 97.10 48.17 94.09 96.98

4.1 ANTPPG: AMFHICRO PRI A et

MTLATIRA, PARGARRI A AR T () RN 2 SMRHEE A Y 2885k (il
an, AR A S IR ) (i) Mg 225 D AR T ARG (B, RsoR) (i) F5is
P BT AIZURDLAG SRS o PR AR SR R R AE AT A T AR oL 2 i — A 3h
Hig— MR RO, HA—E R ME— R R R %

N TR FZUL M PERE R, FATES T AR A R SRR MR (A B) f
AR F 2247307, M CholecT50 Kidlfirt, FATIEHL T 64 HEA, 9K 50 4~
TRV, ORI N AR AR T — 224780 3Tkl 64 AR,
FATRPEAS MLLM B -5 PURCAR R T —2473h" FSHER A (1) R BB
GT: FARUMBUPLERIATY N 478" Ok A BHRSNIEE AR ELL(E) . (2) SMPHES
A A LRI A BTG N —2478h7. ) SMRHEEAE B LSRR B i
W T BATEN . (4) SMRHERE (A 5 B): WERBRAY TIN5 SRR A A BB ()
ks “F—2A7807 AT, BITRILE, AR 2 & R,

a8 s, FAIMEA Top-k #RAS S HERGAR (k € 1,2,3) W{h GPT-4o fYRH, MESUAT
DI — B (D AASNREEAE R e (AT FARB SR SR AR A 5 AMRHEE
B), PAK (2) WAL & ZHAIWAHES G R PRE . IXAOOUE VPG 5 IA B4R T HbJ7 ARLSE B A
S, W T — & FILH . GPT-4o JE54MFHEEAE B HYIEIR (38.30 % Top-1) HIZE AT
fili (58.51 % Top-1) WRIE . FRAlEMERNRE, UEiGHMPHEEMEF (HK 5 SG)
FrVEAbIS, ARBCTAS BITERE I ) T RIS TT

42 PR

BATIAT T — DRI, DA A SCAR AL PR A/ BT P S, 3 %
EMAREITLR: RGERRA PR (MR 8). RERROIE TSR, PRI
fEftid . PP AR SR . BERE RN e B DA R T TR SN . ATV T AT
Aifk: (1) J6 SP: SEeRBRTA R GtHR (SP), [AINGRE 3R, (2) L OA: AR
SRFAHRATIBIME (OA) (HER SR . UEZRIBAI 245 R) , IR RGHR. 3
M A R FR IR AS (R 5 HE AR R A Z [ ERE S (LA S3R) .

A G I R ST A i T AR A O A SR RIS DU N R, € BTG R 5L
RRBIE N BB ARG (wio SP) TERZ JUBL R AN Ed 4L 241 5 o — U BUMERE 1 %
GPT-4o EIM H Fr K PERE % (HeiChole Video-S /) A = —8.85 ), XZEE T RS HRIEYE:
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(a) Dissectiond Dissection ' ippigg.. « Vessél Clipping Vessel clippifig
Tissue Retraction % Coagylation i i Aspirationk Dissection

OpenAl-ol Coagulati§ Vessel'€lippi o i ion & N, Tissué Retral jon™
&
Dissectiond W Dissection e & Vessel Clipping Vessel Clipping
Tissue R(iri:l tion Tissug\Retract Tissue R tion Aspirations Dissection ,
GPT-40 |t c'% L [Aspratee, Vessel CHPING M. ol N Tisste Fget;/@rio#
2 b r 3 " 5
. iony " Dissection, ipPiggs ¢ Dissection\r Vessel Clipping
Tissug Retrach i i Tissue Retragtion® Dissection.
QwenVL2.5- i ' . ] = . e | A =Sl
Instruct-72B ASplﬁmn‘% h Aspiration ? Asplrat[
VesseliClighing Vessel Clipping Vessel Clippiggs ¢ Vesse| Clipping Vessel Clipping
D_'Sﬁ'. ‘ Dissection | . Dissectionii Dissectiorg ) Diss.ection
GLM-4v Tissue Retraction TiSSUB\RQ‘w Tissue Retraction®™* i Tissue Re;’r’ptio‘.

() OpenAl-ol GPT-40
## Scene Understanding\n\n In the provided image, the surgical field shows ~ ## Scene Understanding\n\n- ... The gallbladder s retracted stperiorly,
the anatomy of Calot's Triangle, where the cystic duct and cystic artery are and the liver is visible in the background. ...,

likely visible. . The base of the gallbladder is exposed, and
both the cystic duct and artery are identifiable. However,

The critical surgical landmarks, such
as the common bile duct and hepatic artery, should be carefully preserved
during dissection...., , indicating that coagulation
may be necessary.

\n\n

\n-
**Tissue conditions and exposure quality**: The exposure is good, with
adequate retraction and minimalbleeding. \n\n

## Progress Assessment\n\n- **Current stage in the surgical

## Progress Assessment\n\ii'The curent stage in the surgical process’ process**:
, with the

identification of the cystic duct and artery. ., indicating that the surgeon is

preparing to apply clips according to the \"2+1\" rule.\n\n

[phase®, approaching the **vessel clipping phase....
, indicating that vessel clipping has not yet started. n\n

## Safety Considerations\n\n- ...INcomplete/dissectionmay leadito|
## Safety Considerations\n\n Visibility of critical structures is currently misidentification of structures or improper clip placement. There is also
acceptable, but fielpresencelof bleeding stiggests thaticarefuliattentionis| arisk of injuring the common bile duct if clipping is attempted:

to avoid compromising surrounding anatomy.....\n\n prematurely.\n\n

## Ready-to-Execute Actions\n\nl. *Most Probable Action**: Dissection \n  ## Ready-to-Execute Actions\n\n

Probability: ** Very High ** \n Reasoning: ... **Most Probable Action**: **Dissection** \n **Probability**: **Very

High** \n **Reasoning**: The cystic duct and artery are only partially
According to surgical guidelines, full circumferential

and that
the clips can be applied without obstruction.\n\n dissected.
**Second Probable Action**: Coagulation \n Probability: **Medium-High**
\n Reasoning: The presence of bleeding in the surgical field indicates that

to ensure safe vessel management.\n\n

coagulation may be necessary to achieve hemostasis. This action is **Second Probable Action**: **Tissue Retraction** \n **Probability**:
important to maintain a clear view and prevent complications during vessel **Medium-High** \n **Reasoning**: ...further adjustment may be
clipping.\n\n3. needed to optimize exposure of the posterior aspect of the cystic
**Third Probable Action**: Vessel Clipping \n Probability: ** Medium ** \n structures. \n\n3.

Reasoning: Given that the dissection has progressed to the point where the **Third Probable Action**: **Aspiration** \n **Probability**:**Medium**
cystic duct and artery are identified, the next logical step is to apply clips. \n **Reasoning**: ...minor fluid accumulation or blood may be present.
## Final Answer\n\n[Dissection, Coagulation, Vessel Clipping]*, ## Final Answer\n\n[Dissection, Tissue Retraction, Aspiration]",

" Ground Truth ": ["Dissection"]} “Ground Truth": ["Dissection"].

Figure 3: Z5 R nl Ak, (a) SIPERLRITIM : @ SO SR Bl = AT R RS E (L I0FHE
F), HAr x ARicHET R . EESE S EE S R (0) 78 (2) HA R G HERE H i R
T%MgghiﬁﬁWTéﬁﬁW%iﬁﬁWo%@%%Miﬁﬁmﬁﬁ%ﬁm,W%@%
RN EE TR

Fp TR SCREAR P A SRR, R AR W AR P R A 2 e YR S RSB b . A
BRAE FRFEE R PERE N IR SE TR U R E AR, I RIR T 4ME MLLM $27R 1%
T ik 3 FH 1

KT H PR T B S E S AT PR (G OA) A R FRR - B9k GPT-4o 75
i OA # N 2 #E 1k (CholecT50 Sample-S |25 A = —8.69 , HeiChole Sample-S |}
A = —15.86 ). GeminiPro2.5 M\ iXFfaifk 4225 (HeiChole Sample-S |5 A = +6.97 ), iX
PRI E AL PR E R SCRAFEAR A PE 225 . QwenVL #3255 ™ E 1184k (HeiChole
Sample-S |5 A = —21.36 ) . XLLREIMERM, R OA gD 7410 WE:, (HEXRLE
P fE 78R H T AR BV E SRR 59 AR AL = A2 T A LG B 520 o

5 &g

AR VEREX T HES) MLLM BB 2 X f 2, JUHRTE T ARSNEITR (SAP) w1, X—
155 5 ZOR A Z RS R HERE, MALSE A A OR SR SR FP 1. e, JAT5IA T
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Top-1 Top-2 Top-3 Top-1 Top-2 Top-3 Top-1 Top-2 Top-3 Top-1 Top-2 Top-3
GT from video Surgeon A Surgeon B Surgeon A or B

Figure 4: BRIV RETTA LT IUA LS %, WA EUGFARMSNR B dF (A, B BUEE)
1] Top-k #EA S HERHEE (k€ 1,2,3 ).

Table 4: 5 HURER 1411 AL (K55 HEUERE AL [RIAYPERE LR (Top-1 MERRZ A ). THEIES R AHE
ZAGun gl (wio SP) FICA AT HATSIE PR (w. OA). A FURTHEIBAS (A 5 FE
HERRA Z IR PEREZE S (LA HEITHERD)

CholecT50 HeiChole
Model Sample-S A Video-S A Sample-S A Video-S A
w/o SP
GPT-40 -4.12 -1.87 -6.77 -6.33
GeminiPro2.5 +2.80 +1.33 -0.22 -1.15
QwenVL -5.15 -4.78 -11.63 -11.30
w. OA
GPT-40 -8.69 -8.52 -15.86 -14.85
GeminiPro2.5 +5.01 +3.11 +6.97 +6.34
QwenVL -2.06 -2.45 -21.36 -21.97

SAP-Bench JEifE, BiE— M 74 BIHEEDI T AR P AR OB ERAE, 18 1,226 ANl
RIGIERISIAE A BEFD 1,152 W4 pimm, =5~ — s fERCA T 288001, JA1i08
7 MLLM-SAP HEZL | ZHE 2 A B TR0 H 51 A9 MLLMs A= s n] 84 R) T~ —25478h 3.
TETAG-EANER MLLM (411 GPT-4o, Claude-3.5-Sonnet, QwenVL2.5-72B) i}, k414
FARIVEB FAAE L EFEM . O T MRRATA AL B I R BESEE, A5 P 223 IAIE
B ANREEAE GRS T FEME, R T T I R AT DATTAR $ R R T LA AR R SR R
SO JRERPE: BN HT R HERA P SR R (1) BT i R G S 2 > SR B A R
AR (2) MLLM-SAP BU S AN A ZERE (CoT) HEFMLE, AR TAE: BT #EAeds
FrAbh, Al MLLMs [ 0] {5 BT PR AR BEI7 R G055 v RS ek i ] Sk 22 O d B, [N
BN RE S E SR . AN, TE)IZ RN GG MLLMSs A B TR IEHGE A, i
PRILRENE 6 2 S PR iih 5 1) R 2= 75K
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