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Automatic Recognition of Abnormal Shadows in Chest Roentgenograms*
Jun-ichiro T , Teruo Fuxumuza**, Kazuo Koike, M.D.***, Yoshio Taxac:i, M.D.***

cal two-dimensional
gated

the characteristics of the density distribution of the chest roentgenograms. Then we studied

Computer diagnosis of the roentgenogram is regarded as a ty

pattern recognition problem. As the first step to approach the problem, we inv

the method of automatic recognition of rib boundaries
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Fig. 4:2 () Input pa-

¥O6E EME
Fig. 6 Weight

ttern (squared part on

experiment of
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As the next step, we studied in this paper the method of automatic recognition of Ry s Bl wide

abnormal shadows in chest roentgenogram and 6cm long)

47 BARBOER(3)

First, simple models of abnormal shadows in chest roentgenogram consisting of (1

some irregular figures whose uniform densities are known and whose shapes, sizes and

by computer a
normal (a = 0.0,
r=0.
the portion bound-
ed by @ : abnormal
shadow recognized

positions are unknown, and (2) additive Gaussian noise with 0 mean and known variance,
are assumed and recognition method is derived. Only outline of the method is stated here.

Next, this method is applied to the recognition of abnormal shadows in the real chest

roentgenogram. In this experiment, input patterns (roentgenograms) are processed accor-

ding to the following procedure : (i) measurement and sampling of film density, (ii) re- by computer (a=
0.10, r= 1).

the portion boun-
ded by a solid bo-
rder : abnormal

cognition of boundaries of dorsal portion of ribs, (iii) subtraction of density corresponding
to dorsal portion of ribs, (iv) equalization of average density level in the horizontal direc-

tion, v) recognition of boundaries of ventral portion of ribs, (vi) subtraction of density

shadow recognized

corresponding to ventral portion of ribs, (vii) recognition of abnormal shadows (tuberculous
by the doctor.

lesions, « : other sample point.
Results of the experiment are stated here in detail. They show that the method used For the technical
in this paper was proved useful for detection of some kinds of abnormal shadows in chest i this
figure sees figure
roentgenograms. a) bac
a1 (&) ATA—y fe)
(ffHT 7 £ 2o s T M2l (oD
BlER

4cmx § 6cm)

Fig. 4:2 (c) Result of
recognition experiment
of abnormal shadow

Fig. 4+ () Input pattern
(squared part on the film
is 4cm wide and 6cm
long.)

§ Ui SouT e By
x : lower boundaries the computer,*
® : the points to which the step (IV) was app-

lied.

$ : points recognized as abnormal, where a=0. 10,

il (ooncernthg @ and rsee il o~ : rib boundaries recognized by the doctor.

« : other sample point (
the portion bounded by a solid border : abnor-
mal shadow recognized by the doctor (tuber-
culous lesion)

* All curves running through more than
five points are shown here. )

# 42 B (b) BEBRMEYIER GFi
Fig. 42 (b) Result of recognition experiment
of rib boundaries (dorsal portion)

solid curves

broken

shaded area :

riment of rib boundaries, see reference (1). . f;;
i [y © i e T . 2

W4e T (b) PR DELBEDOKRE VS (ZhIhBWHEERS 2D

Fig. 41 (b) Result of recognition experiment LLOMED bREADME LTRSTL 2) OWE

of abnormal shadows ERFTW BB THEo »

#6% #3E (June 1968)

low (tuberculous lesion)

For the detailed results of recognition expe- 5emx# 6 cm)
4 5 cm x § 6.cm)

Fig. 7 (a) Input fattern (squared part on the film is 5cm
and 6cm long)

of the material in (a)

B e

6% 3% (June 1968) SR
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and Image Processing, 2 (1973), pp. 252-271
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& I AI'TCFORTRAN 11— R ZPythonl(C

mori@taka:~/slip/slip2df$ more disp6i.f

SUBROUTINE DISP6I(IS,JS,D1,IE,JE,IX1,IX2,IX1,IX2,N1,MT,KP) 02908000 §293§$$$****** __________ Rk Rk SRR RE FkxAFAE*02033000
C  #%**x  7_|EVELS PRINT DATA NO SAIDAI-CHI TO SAISYO-CHI O TSUKAU *©2909000 DO 20 JK<1.9E.130 02934000
C  kxekx COD “TORTWART 1072 TT T3tk kakhn__________ *¥*%%02910000 KizIK-1 02935000
c ##xxx  DICTE,JE)=INSATSU SURU NYURYOKU DATA EGER)  **#kxkx%%%*92911000 JC=MIN®(IE, IK+129)-IK1 92936000
C  #kkxk T=IX1--IXD D1(I,J) NO MAX. TO MIN. 02912000 IF(KP.NE.@S WRITE(6,200) 92937000
C  *%xkx O MOTOMETE IWK1, IWK2 TO SURU. IWK1 TO IWK2 NO AIDA O 02913000 WRITE(6,201) MT,B1,U1,M1,(31,31=15+IK1+10,I5+IK1+130,10) 02938000
C *kok k% N1-TOBUN SHITE D1 O RYOSHI-KA 02914000 C O sekokokkkok kKoK _ _ _ _ _____ seokoskoskokokskskokok _ _ _ _ _ _ _ _ _ _ **kkk*kk*%%020309000
C  **¥%*  N1=RYOSHI-KA NO LEVEL-SU NL1.LE.7  x¥skskrokskokokx o ____ *02915000 DO 20 I=1.IE 02940000
C  **%%kx  MT=HYODAI, KP=KAI-PAGE SHITEI (1=KAI-PAGE, ©=KAI-PAGE SHINAI02916000 TLelsTs 02941000
C  ***kx TS JS=GYO,RETSU NO BANGO INSATSU NO SYOKICHI  **¥kxkxkk*___92917000 DO 10 J=IK,MINO(JE, IK+129) 02942000
c INTEGER ~ D1(IE,JE),III(130),ICH(7),MT(10) 02918000 10 III(J-3IK1)=ICH(MAX@(1,MINO(M1 ,IFIX(1.0+(D1(I,J)-B1)/DD1)))) 02943000
integer EI(IE,JE) WRITE(6,202) IL,(III(J),J]=1,3C) 02944000
character*1 III(130), ICH(7) ¢ 20 WRITE(6,203)  (III(J),J=1,3C) 02945000
character  III1*130, ICH1*7, MT(10)*4 6 continue
equivalence (III,III1), (ICH,ICH1) 200 FORMAT(1H1) 02946000
¢ 3212 igﬂisz;H :—*o; / ¥ 0 I0 *M $ / 02919000 ;51 FORMAT(11X,16A4/1H , '  LOWER T=',E11.4,5X,'UPPER T=',E11.4,I7, 02947000
A SR EEEEEEE A oo HRREET02920000 2021FORMk$¥EhS,I4,1§?§§éii§e) gggigggg
M1=MAX®(1,MIN®(7,N1)) 02921000 . 553 FORMAT(1H+,5X,130R1) 02950000
IWK1=D1(IX1,JX1) 029226000 C sokkkokkokkkk o _ __ ______ sokkkkkokkkk o _ _ _______ HookokkokkokkkK _ _ _ _ ______ **k*k*k*k*%02951000
IWK2=D1(IX1,IX1) 02923000 RETURN 02952000
DO 30 J=JX1 ,3IX2 02924000 END 02953000
DO 30 I=IX1 ,IX2 02925000
IWK3=D1(I,3J) 02926000
IF(IWK3.GT.IWK1) IWK1=IWK3 02927000
IF(IWK3.LT.IWK2) IWK2=IWK3 02928000
30 CONTINUE 02929000

U1=IWK1 02930000 W
B1=TIWK2 92931000 1 7 4 1 1 —
DD1=(U1-B1)/M1 02932000 o
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ChatGPTIC & DA FORTRAN 11— RDPythonZ A

THEFCTY, Nl 2RcEEEEH D1(IE,JE) Z. (EDEFE
(& I\~&mK) = mR7IEBBICEFEL T, FEZE
HAINMFODRBICEZTHZ. ASCIBHRD LD ICTV >
MHHTZHTIL—F>T9 (HLWSA>TU>E )/
imARmEIFDRIfRIL)

1) BE CO-FILRP-oTNEZE)
BELEESE

e T = IX1..IX2

e ] = JX1..JX2

O D1(1,)) DB AfE IWK1 &B/ME IWK2 2R, Z0HE [1wk2, TwKi] %
o N1 EERE (L 1~T(22YvT)
TERBRILABILTEFL, EFUHILALEZUTORSICVVEYILT, fTCEICHALET,

< Plain text

ICHL = ".-+=*OM" (7ERPE)
L ~Jl1 :

L ~JL2
L-~<JL3
L ~JLa

ASCII 7 = ".-+=*0OM"
def image to_ascii(

img: Image.Image,

width: int = 130,

levels: int = 7,

charset: str = ASCII 7,
char_aspect: float = 0.5,

) -> list[str]:

if mx == mn:
# constant image -> middle-ish tone
idx = np.full like(a, fill value=(levels - 1)
// 2, dtype=np.int32)
else:
# FORTRAN-like quantization:
# level =1 + (val - mn) / ((mx-mn)/levels)
# then clamp to 1..levels
dd = (mx - mn) / levels
lvl = 1.0 + (a - mn) / dd
lvl = np.clip(lvl, 1.9, float(levels))

L-~JLs
L-~JLe
L~JL7

= o % I+ 0 -

idx = (lvl.astype(np.int32) - 1) # 0..levels-1
lines = ["".join(charset[i] for i in row) for row in idx]
return lines
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e e =+++++="*0000000** ***000000000000
B = +++++*00000000* *=+++===***000000000*=
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Abstraction level

Abstraction level in medical assistance

We need this level!

Abstracted knowled '
>rratted Knowietse DOSCription  Generative Al makes possible

Image understandings igh-level visian

Current medical Al
Old fashioned Al...

Image recognition

Mid-level vision

Signal processin Low-level vision
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Abstraction level in medical assistance

Information
exchange in

DesCription meta level

High-level vision  Prediction

Anatomical
information

Mid-level vision fusion
Multi-modal

o information
Low-level vision overlay

Computer / Al
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— Early studies on quantitative analysis of medical images by computerl8, 19, 20, 21,

201

W

ULTRASOUND
(T and MAL

Overview on Research and Development of
Computer Aided Diagnostic Schemes

nnnnnnnnnnnn

22, 23 were reported in the 1960s. At that time, it was generally assumed that
computers could replace radiologists in detecting abnormalities, because computers
and machines are better at performing certain tasks than are human beings. Thus,
the concept of computer diagnosis or automated diagnosis in radiology was

established at that time.

BT UBEHRES

EUTHEET D O Ea1—IBZI] AN&

— In the 1980s, however, another approach emerged which assumed that the
computer output could be utilized by radiologists, but did not replace them. [K. Doi

2004]

EL. A Ea—FFERmMODtEH> RAEZA>

Kunio Doi, Overview on research and development of computer-aided diagnostic
schemes, Seminars in Ultrasound, CT and MRI, Volume 25, Issue 5, 2004, 404-410,

fate WaVaVal

IILL}JD // UUI UIS/ J.U J.UJD/J )UIL LUU'-I' UZ.UUU.
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(Findigns) Bilateral pleural effusion is unchanged
from last time. There is mild collapse of the left
lung base. A nodule in the central left lower lobe is
unchanged but gradually increasing. A small
localized ground-glass opacity in the left lower lobe
is also unchanged. Right pleural thickening shows
no significant change. Small scattered nodules in
both lungs show no growth and are likely benign
post-inflammatory. There is no significant lymph
node enlargement. The right mediastinal soft tissue
shadow is unchanged. Bilateral renal cysts are
present, with no hydronephrosis or ascites




1=

W\ |
E_d ']

y =
MO#ID&B.

B
— I

ARRG - Automated Radiology Report Generation

368

IEEE REVIEWS IN BIOMEDICAL ENGINEERING, VOL. 18, 2025 E '?I B

Automated Radiology Report Generation: A
Review of Recent Advances

Phillip Sloan*, Philip Clatworthy “, Edwin Simpson “, and Majid Mirmehdi

Abstract—Increasing demands on medical imaging de-
partments are taking a toll on the radiologist’s ability to
deliver timely and accurate reports. Recent technological
advances in artificial intelligence have demonstrated great
potential for automatic radiology report generation (ARRG),
sparking an explosion of research. This survey paper con-
ducts a methodological review of contemporary ARRG ap-
proaches by way of (i) assessing datasets based on char-
acteristics, such as availability, size, and adoption rate, (ii)
examining deep learning training methods, such as con-
trastive learning and reinforcement learning, (iii) exploring
state-of-the-art model architectures, including variations
of CNN and transformer models, (iv) outlining techniques

L intenratina elinical knowladae throniah multimadal inniite

TABLE |
RECENT ARRG REVIEW ARTICLES AND THEIR COVERAGE INCLUDING
TOTAL NUMBER OF CITATIONS AND THE TOTAL NUMBER OF ARTICLES
RELATED TO ARRG OR MEDICAL REPORT GENERATION

Author Year Coverage # Cited # ARRG
Allaouzi et al. [16] 2018 2015-2018 50 10
Pavlopoulos et al. [17] 2019  2015-2019 65 7
Monshi et al. [12] 2020  2015-2019 105 14
Kaur et al. [14] 2022 2015-2021 83 19
Messina et al. [15] 2022 2016-2021 167 40
Liao et al. [13] 2023  2016-2021 154 41
Our Review 2023  2020-2023 154 83
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® Matrix multiplication
OOOO0) Semantic feature
OOOOO Multimodal feature
OO Fine-grained feature
OO0 Coarse-grained feature
OOOO0) Label word embedding

Encoder Generated Report Decoder
MGF
Layer
_ Attention _ Attention ‘8 Normalization
fusion fusion
A A e
: LWE Feed Forward
Attention o A
Eision MH-CSRA T
i Normalization
Label
Embeddi
: fmbedding Masked Multi-
Predicted label Hend Attetition
— [ T 1 I
A A A
Image Image : Layer
Encoder Encoder Medical BioBert Normalization
History f
T Word
' Embedding
FGFE SFE |
Report

Junze Fang, Suxia Xing, Kexian Li, Zheng Guo, Ge Li, Chongchong Yu,

diagnostic reports by multimodal and multi granularity features fusion,

Automated generation of chest X-ray imaging

Biomedical Signal Processing and Control, 2025, https://doi.org/10.1016/j.bspc.2025.107562
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Image

Ground Truth

Base

MMG

the cardiomediastinal silhouette is within
normal limits. the lungs are normally inflated
without evidence of focal airspace disease,
pleural effusion or pneumothorax. no acute
osseus abnormality large hiatal hernia.

the cardiomediastinal contours are within
normal limits. the lungs are clear bilaterally
specifically. no evidence of focal consoli -
dation pneumothorax or pleural effusion. no
acute bone abnormality.

the cardiomediastinal silhouette is within
normal limits for size and contour. the lungs

are normally inflated without evidence of

focal airspace disease, pleural eftfusion or
pneumothorax. no acute bone abnormality.

there i1s moderate cardiomegaly, there are
bilateral interstitial opacities increased since
the previous exam, no focal airspace conso-
lidation pleural effusions or pneumothorax.
no acute bony abnormalities.

there 1s moderate cardiomegaly, no pleural
effusion. pneumothorax or focal airspace
disease, no acute bony abnormality.

there is moderate cardiomegaly, there is no
tocal airspace consolidation pleural etfusions.
no visualized pneumothorax. no acute bony
abnormality.

normal heart size. stable tortuous thoracic
aorta. prior granulomatous disease healed rib
fractures appear. stable focal opacity is noted
in the left midlung overlying the 9th posterior
rib which represents healing 1ib callus. no
pneumothorax or pleural effusion.

the heart is normal in size. the mediastinum is
stable. there is no pleural effusion or
pneumothorax. aorta are tortuous. focal
opacity 1s noted. arthritic changes of the
skeletal structures are noted.

heart size within normal limits. stable
mediastinal contours. the mediastinum 1s
stable. no pleural effusion or pneumothorax.
there are stable tortuous of the aorta. focal
opacity is noted in the left.

heart size and pulmonary vascularity appear
within normal limits. there is mild tortuosity
to the descending thoracic aorta. the lungs are
free of focal airspace disease. no pleural
effusion or pneumothorax is seen. no discrete
nodules or adenopathy. degenerative changes

are present in the spine.

the heart size 1s normal. the lungs are free of

focal airspace disease. no pleural effusion o1
pneumothorax. degenerative changes are in

the spine

heart size and pulmonary vascularity appear

within normal limits. the lungs are free of

focal airspace disease. no pleural eftfusion or
pneumothorax is seen. no discrete nodules .
degenerative changes of the thoracic spine.

Junze Fang, Suxia Xing, Kexian Li, Zheng Guo, Ge Li, Chongchong Yu,

diagnostic reports by multimodal and multi granularity features fusion,

Automated generation of chest X-ray imaging

Biomedical Signal Processing and Control, 2025, https://doi.org/10.1016/j.bspc.2025.107562
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et al.: Merlin: A vision language foundation model for 3d computed tomography (2024)

[3] Hamamci, |.E., et al.: CT2Rep: Automated radiology report generation for 3d medical imaging (2024)
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CT image interpretation

* Single-shot image interpretation

— Diagnosis has been made only from one volume

* Longitudinal image interpretation

— Diagnosis has been made from longitudinal volumes
to find changes
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Vision-Language Model (VLM)
A K) OmAZEIRDAIETIL

23> (BREANX) &R TIEE

— A OAHOD (CORY MEEONY> RELERTEIEE  (Vision Language Action)

IRGTHREZMT L 7R — NMEREEN. CT/ MRIBMRD BB A AN STIR (D

— RSBV (CVLMIZLL T DEXRTHERK

1. BT > 1—7% (Image Encoder) 2. 51
3.

=3EESI)L(V

Text prompt to
generate captions

ision-Language Model) 4. = _1—7% (Decoder)

Large Language Model

I n]HE

- X N> —% (Text Encoder)
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CT image interpretation
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* Single-shot image interpretation 1

— Diagnosis has been made only from one volume

* Longitudinal image interpretation

— Diagnosis has been made from longitudinal volumes

to find changes
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CT report generation by VLM

()
* Using a 3D encoder to directly process 3D CT '__,-_{ fSin }_L |
volumes plock | FeareFusn ||
- Visual Encoder Y Ee :
» pretrained 3D Swin Transformer is used to extract _:’ :
features from 3D CT volumes T 4---

[~ Feature Fusion

| Large Language Model

I
|

» A 3D convolutional layer followed by flattening
merges spatial information - -

— Language Model

[
|
» A Japanese LLM (ELYZA-japanese-Llama-2-7b) I
processes prompts and generates the final report I
|
|
|
|

— End-to-End Flow
_
> 3D CT volume = Feature extraction > Transformer [ ¢ ]
Transformer Decoder

Decoder - Prompted LLM - Japanese report VoD , ~

1
@D
- s s e e s .




CT report generation by VLM

(a) Capture 3D CT Features

(a) Capture 3D CT Features

© (b) Draft Report Generation
i

LLM
LLNIJP-I.SB]

or
ELYZA-7B

\
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\
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I (¢) Final Report Generation
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: — :O: Draft Report : P g inal Report i
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|

Utilize a pretrained 3D Swin Transformer
to capture CT features from 3D CT
volumes.

(b) Draft Report Generation (Stage 1)

CT features are first transformed into the
text embedding space using a 3D
convolutional layer followed by a
flattening layer.

The text prompt is transformed into text
embeddings through a pre trained LLM
(ELYZA-7B and LLMJP-1.8B).

Transformed CT features are
concatenated with the text embeddings
and the concatenated features are sent to
the Transformer Decoder Layer to
generate a draft report.

(c) Final Report Generation (Stage 2)

The LLM (Qwen2.5-7B-Instruct) refines
the draft report guided by prompts to
produce the final report.
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kidney, but no abnormalities kidneys, but no
are found in the liver, spleen, abnormalities are found in
gallbladder, pancreas, or the liver, spleen, gallbladder,
adrenal glands. There is no pancreas, or adrenal glands.
lymphadenopathy, and no Thereis no
ascites is present.) lymphadenopathy, and no

ascites is present.)
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CT image interpretation

* Single-shot image interpretation

— Diagnosis has been made only from one volume

(

* Longitudinal image interpretation

— Diagnosis has been made from longitudinal volumes

to find changes
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TLADBERICHITDER Al DSERA I AV URITLATERINE T,

54




RENIWVAT TS RAT I

If you don't have time to search for your NIFTIs, go to the bottom of this page, | have prepared for you.

FIRLA—FZERL TSV,

TRLELL. CTEREREBL. FARLER— FEERWVWELET,

/Q
N\

>~
® )
N < av. & P
\\nggﬁf(' . i EMLEEOTODASAERBFERSLDNBLTVEY., B LEOTDHSAXBFHEBRTY. £ETFTEDORERIZFEL DR
e P, ETRORBRERIIFEFETT. ETROREREZIFLEFERTY. ETROREXIIFEFERTT. RERE(LERE
WEd, HEMBICEKEEZELLHD. BKEL. BEEYA X0 N\BHEXEZL, FFERHD,

BREHDEITH
Previous Visit
Window Level for current CT BROIBRIIRSNFLA. L. ETEOREXIIHEEEBRLTPRH/NHALTLETH, HSHLTVLI . EENL

7 A0-7 Yy THBETY, REROBLTHITRMIBLTIY,. BROTERORSICBBETE FtA. TAEDK
~2048 ECEBOL, BYETA0-7y THEEITAS LESHHLET,

Window Width for current CT

REEMEEZHIPR L TH L VWSEEZ S

Don't have time to search for your NIFTIs? Try these files | have prepared for you:
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B 3FRNXEMIZIT TR IERICKHEUIE L KN— NEERZ

RUNNING... Stop

Findings:

Right Upper Lobe: Known primary lung cancer has decreased in size compared to the previous scan.

Right Lung Apex: A small nodule is present, similar to the previous scan, suggesting post-inflammatory changes.
Intrapulmonary Metastasis: No lesions suggestive of intrapulmonary metastasis are observed.

Lung: Emphysema is present.

Pleura: No pleural effusion is noted.

Lymph Nodes: No lymph nodes of significant size are enlarged.

Liver: A hepatic cyst is present.
Previous Visit Current Visit

Impression:

® ARE> TPreviousVisit] F7zld MCurrent Visitl
EOUYITREWMWWHERTEET, e Decreased size of the known primary lung cancer in the right upper lobe.

e Small nodulel
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Embedding
eeeeeee

| BLEU1 BLEU-2 BLEU-3 | BLEU-4 | METEOR ROUGE-L

s P TCDART
CT2ReplLong 0.298
SIGMA 0.331

0.216 0.174 0.144 0.276 0.235
0.248 0.199 0.162 0.312 0.253

[1] Hamamci, I.E., et al.: CT2Rep: Automated radiology report generation for 3D medical imaging (2024)
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FEEY%VFEY,L/_C(T =0\, BEFEME. Please create a report. Postoperative rectal
cancer.

Aiti BAS VX EFrBEFE(FIEMTEEFEA. BE No obvious local recurrence can be identified. No
Td:'U"rX‘GDU>/(ﬁﬁﬂij((¢}§;ﬁ_63¥@hcsignificant lymph node enlargement can be
BSOS ER 3fEM TS EE A FFER dentified. No clear liver metastasis can be
a0, KBIERL. BBIKIEXUL., BHSHIRAH P —
g (e CcEFREA. WKEU.

Liver cysts are present. No
hydronephrosis. No ascites. No clear lung
metastasis can be identified. No pleural effusion.

eyt BB ANVRBITB R L. mAh(CZF/VEET No obvious local recurrence. Multiple small
N e B ®h D A XDIEARBDEREA. —HD nodules in both lungs, with no increase in size.
HEEN (& > DIRICREBRIBAH SNE T # some nodules show ring-like internal defects. No
MEEFIEREINERA. BRRBA XD
DU EEXIIHESNFEEA. AKRU,

FRARARMZEDLDAIC A EZIRZEILIR L. A
IRFERIRL. HERSDD. cvik— k7 )/
A AHD., O, FFEeFrREL,

new nodules identified. No significant lymph
node enlargement. No pleural effusion. No
significant changes in the low-density areas (LDA)
of both thyroid lobes. No clear liver metastasis.
Liver cysts are present. CV port device is present.
No other notable findings.

Similar to the findings written by radiologist

K. Nguyen, C. Wang, M. Oda, K. Mori, =" Automated findings report generation using VLM from

ljj 3/A J1 ; 1% longitudinal 3D CT volumes," CARS 2025 Computer Assisted Radiology and Surgery 39th
International Congress and Exhibition
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Morklll;n.

Expert: fAIfg7K (FEIEIERR, ZERDESPOMREMEEREH D, £ FEFRAIOFRE FRIEIERR. RRCIBARSD D, £ FEC/NSR
[REMET DS AEIIRIEIEERTY . BNRIEECEZED DI A . TOM. MAHICETE T D/IEEIRZ(TIEAERRS . RAER
ZbiR ER MRSV . BRI XDY >/ EBEKRIRL . GHtfROREIFIIRICIERCY ., MEERD D, KEBERL, K
& Uo

(Bilateral pleural effusion is unchanged from last time. There is mild collapse of the left lung base. A nodule in the central left
lower lobe is unchanged but gradually increasing. A small localized ground-glass opacity in the left lower lobe is also unchanged.
Right pleural thickening shows no significant change. Small scattered nodules in both lungs show no growth and are likely benign
post-inflammatory. There is no significant lymph node enlargement. The right mediastinal soft tissue shadow is unchanged.
Bilateral renal cysts are present, with no hydronephrosis or ascites.)

Previous visit Input: FTRSCZVERR L T2,

(Please generate a report.)

SIGMA: it L EDEEIZ(IAERIRTY . miTlCEHSUEXREREVLGD ., RICIEEKRTY ., KRl BEYAADU >/ EEX
U,

(Nodules in the right upper lobe are unchanged. Both lungs show findings suggestive of chronic airway inflammation,
unchanged from last time. No pleural effusion. No significant lymph node enlargement.)

Input: FTREXZ/ER L TS IS0, A EEMEMNE. RFRUIL UMM

(Please generate a report. Post-right upper lobe lung cancer surgery, post-idiopathic chylothorax surgery)

SIGMA+ ERPREBICITZEF. TDHSARHD. AL DIER, MXORE, A LEOEERIERIEIRERTY . GREID
F(FRICIEKkTY ., BRMCTEEZLDD . EMKIEIBHEEKRTYT . BRRYA XDV /\EEXRRU.

(In the right lung apex, there is an infiltrative and ground-glass shadow, increased since last time, suggesting possible

pneumonia. Nodules in the right upper lobe are unchanged. Dense shadow in the right lung apex is unchanged. Emphysematous

Current visit

Input volumes changes are seen in the background lung. Left pleural effusion is unchanged. No significant lymph node enlargement.)
Note: Original input and output are in Japanese, the English Green for findings match with the expert
version was translated by authors, written in the parentheses. Red for findings differ from the expert

(BK B FRAEER)
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AS BB DZEONERNNEIA NI WD

— BLEU-n: Based on n-gram matches
— METEOR: Considers synonyms, stemming, and word order
— ROUGE-L: Measures longest common subsequence
— BertScore: Measures semantic similarity
— r_m (Matching Rate): Fraction of output findings that match the expert’s findings
— GREEN: Evaluate factual correctness and clinical relevance
LEEDFHImMA bW D(FXERSNIZEZMMXDIEL S ZRI M ?
— GPTZAHWZEHMEBITHND
- JO>T7 s> 27U
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Natural Language Generation Clinical Efficacy
BLEU-1 BLEU-2 BLEU-3 BLEU-4 METEOR ROUGE-L | BERTScore GREEN
W/o clinical

history (SIGMA)

W/ clinical
history (SIGMA+)

0.313 0.243 0.183 0.147 0.230 0.253 0.730 0.306 0.272

0.318 0.247 0.196 0.153 0.322 0.287 0.746 0.353 0.361

Below shows performance shown in Ref. [3] as reference.
c.f. CT2ReplLong is English model, and our model is Japanese model, direct comparison is impossible.

CT2RepLong(3] 0.374 0.327 0.304 0.401 0.285 0.263 - - -

* BLEU-n: Based on n-gram matches

* METEOR: Considers synonyms, stemming, and word order

* ROUGE-L: Measures longest common subsequence

* BertScore: Measures semantic similarity

* 7, (Matching Rate): Fraction of output findings that match the expert’s findings
* GREEN: Evaluate factual correctness and clinical relevance

[3] Hamamci, I.E., et al.: CT2Rep: Automated radiology report generation for 3d medical imaging (2024)
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BLEUXO7DtiEA (Hiim#IER 0TS

1. 25 (IERR) & @HHER%Z LI

#%Z£35R (Reference) :
“The cat is sitting on the mat.”

S

(ELTHR (Translation) -
“The cat sits on a mat.”

2. n-gramD—HEXFHE
1-gram - 2-gram 3-gram 4-gram

The cat O---»y--» Thecat O

cat sits Q- catsits O  * Thecat sits 2 . .
onll "3 X+ BBon O [Glsiton O | The cat sits on O

et ) N N catsitsona X

mat —-» amat O

3. n-grami@& = (Precision) #5118 4. 58ERFIF < (BP)
1-grami@a —EE _ 4 RRRAET 3B S IR
‘f‘&n -gram3f 6 1

. : - 3 £R :“The cat is sitting on the mat.”
Egurilin®= = - MEESTHS A
3-pramiBAE = 2 | f&##ER : “ The cat sits on a mat.”

Cilonis s R > BLEU=BP x exp(Z w,log P ) BW— RFIILFTa
4-gramBERE = % 4 (w,"&EH, P, :n-gramBE=E) — BP< 1 TRIAF7HE
BLEUX7 =0~1 4E@OBLEU = 0.75

= & = 0 0.2 0.4 0.6 0.8 1.0

(1ISIEWEE BWEER) el | | |—_‘
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AGOYA R v BWeeniss s
Mo, [T [Ec (i S

XSO BLEUX 7

. i1
— A) AEHMNESDTRZFRF > T ERNTT, ‘ FEECEETE
— B) BAH(IM/RDTHEZFRF D CLIEFEUL L D, X OT&LN
— BLEU-40.3763

« 24512
— A) BIBMAESDTHRZR > T ELNTT, ‘ SHAMEEDES L
— B)SHIIMRDTHEZRF > CLETEULL D, X AT BN
— BLEU-40.3561

« X£I3 L
~ A Bl R CREENROSNET ‘ A A I
— B) EfT LEICHEEINRDOESNET ZTRE

— BLEU-4 0.9254
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. . HEEL NIVIZT OFHET (35 U LVEBD 6 21
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UTFEOEDI—FICK> TEKRSNTEEZMX EEFENE VN CEZHIXTY ., 2 DOZKIXO—E Z Tl U
CO0-100D AP TIRUTLIZELN,

HME ST EMEZEORBIAOBE S/ N #iF U TWB LD TY ., LaRICERZZROIEE/NED > )\E. 3
RKEIARD > ) CERIWVLVI NBMENZH#HIF LU TULET . mABCSmmARETDT DHS AIEEICRHRE Z1EEGRHE
9, BIOIEREBEEDDFRA. ZFHITFERSDD, EBERDD. IHEXR. EiE. 8. BECEHSHIRES
U, FEIAEEENMNIEEZERNERHET, BRIEKICIE/KETED D, Bzt dDZbFiEm cEEE A,
dE1—49 BEOIEEINEL CULET, BUIFIEIERIOD > ) CEitvBiEIHE/ R U CTuLE 9, 1, BA
SMCIEREERU > ) EEERE TE Tz A . SFEIFEB(ERIBELKD2K(CHE/NUTWERT, BBKIEEA LT
LWE T, MARICER SNS/EEZZ(ERIEIRRTI . KR L,

—HBEAX]7 :45/100

BRZDMIEFIE : BATEMREEDRBIAIDBE I /=i J>E1—74 : BEDOIEEL 8E] >
EE5E [REDHEN - tZE] EVWoAEMYET—E.

D> )\EIOFHMMEFE : §/NED > /& - ERERD > /\E [fe/h\aiis] J>E1—4  BUHIPISIERD >
JENRETE(L THE/VERF ] « 1B KD 2 B L

> BMUDRRIR (D UEWEITH. U/ \EISHE )R C. FTciBXRIR U] TEEF—E
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FDA Request for Public Comment: Measuring and Evaluating Al-
enabled Medical Device Performance in the Real-World

Measuring and Evaluating Artificial Intelligence-enabled Medical Device
Performance in the Real-World

Request For Public Comment

This Request for Public Comment is intended for discussion purposes only and does not
represent draft or final guidance. It is not intended to propose or implement policy changes
regarding the evaluation of devices which integrate artificial intelligence (Al), including
generative Al (GenAl)-enabled technology. This document is not intended to communicate the
FDA's proposed (or final) regulatory expectations but is instead meant to seek early feedback
from groups and individuals outside the Agency and advance a broader discussion among the Al
healthcare ecosystem on this topic.

The objective of this ‘Request for Public Comment’ is to obtain comment and feedback from
interested parties and the public on a series of questions related to the current, practical
approaches to measuring and evaluating the performance of Al-enabled medical devices in the
real-world, including strategies for identifying and managing performance drift, such as
detecting changes in input and output. Please submit your comments to
https://www.regulations.gov, Docket No. FDA-2025-N-4203 for ‘Measuring and Evaluating
Artificial Intelligence-enabled Medical Device Performance in the Real World; Request for Public
Comment.’ FDA intends to consider all comments timely submitted to this docket (FDA-2025-N-
4203) by December 1, 2025, related to this topic.

Background

Al, including GenAl, presents opportunities to improve patient outcomes, advance public health,

and accelerate medical innovation. At the same time, these technologies introduce new
considerations as it relates to assuring the maintained safety and effectiveness of Al-enabled
medical devices across the total product life cycle, and particularly with respect to assessing
their performance, safety, and reliability after deployment in real-world settings.

The U.S. Food and Drug Administration (FDA or the Agency) is seeking information from
interested parties and the public on best practices, methodologies, and approaches for
measuring and evaluating real-world performance of Al-enabled medical devices. This includes

NI A= RAFHDEE

AIEEEZSIOLZ 2. DR, ERMZEHUI T BI2HDIBIEDR A N JZADEE EEHITH
RKHSNTWET,
EHRTOFERCHITD/INT A = > A FHADFREIRCDWTERRZROTWLET,
A EELM>TS

AIEBEEEIDRRAZ DN T A —X > A ZER T DD — )L ERIC DV TODIEHRZLIX
ELTWLWET,

ABIOBEMRICLD L Ea1—EBHERD/I\S O RAZWBHE. ROZNTNOF S ER S
[CDWTCTEBRZRSOTULNET,

F—AY—-ALmEER

NI A -T2 RFHMACERT BT -5V —X (BFERLER. 7/ \rXOJRE) . 7—
SDE., L. HEERMOREANDIMUGECDNWTOEBRZRO TULET,
RRFERY 1 —Y —J 0 — R\ ORETILEFHICHFADTIRN IR TECDVTHEREOLN
SE

ETEZAVUID NI H— &SR

BIEHEANANE S72D KU —Y0, BEHATD/IN T A - ASEICHTIT BERE EWILHE
[CDWTHERZERSDTUVNET,

Al &ADEEER

BRERERE/ S — > 1 —H — D E/EANAIEBE#EZI D/ D A —Y > XI5 X BFE(CDL)
TOBREREROTNET,
TETHRNMEBEMIF T BIeODTH A AEEN 1 —H — ML — > DEBZ(C DT
EERZRDHTULET,

BMOZEEBEEANAZANTSIF14R

KA TOIRES AT LADRFEEEBICH T RIMODEBRIEDOARA N TS50 XICDWNT
DEBZRDOTNET,

Ehe L DEEEPOEED T S/ —RE(CEIZ7TO—F(CDODLWTERLAHDET,

https://www.regulations.gov/document/FDA-2025-N-4203-0001
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QA pair generation from finding texts

Optimization of generating questions:

Generation:

Optimize Policy

Qi IFMIA 2025

Input X; and prompt

Input X,

Input X,

»(New Policy prob) —

Old Policy prob) —

- Clipped
Cl —
PPIE Prob ratig

Normalize
— (Advantage Agl —
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Qi IFMIA 2025

Generated QA pairs and scores

finding1: BEERE2CT RTECTELLERLE T, ERE SRt ZEMIZX L TEUS-CD#, 4} Abdominal contrast-enhanced CT: Compared with the previous day’s CT. After EUS-CD for
Fo—JBBER. FERD-EL OO EEEILEELTVET ., Z0M . BBSLAE a pancreatic tail pseudocyst. After placement of an external drainage tube. The fluid
cavityZ R EH A, BEEEIMEICH L TGnPH#ARTE. Hﬁlﬁﬁﬁwﬁ%iwﬂt{x‘li%% retention between the stomach and spleen seen previously has disappeared. No other
L B xﬂ L obvious cavity is observed. After GnP with RT for pancreatic head cancer. The size of the
g#{isﬁMAAﬂIﬂwiéilgi%?;igg Uﬁ;@&i} HLL‘;HE H%gg—éﬁ ng';f[ lél: f_ﬁ’ 30; t"“b,li' primary lesion in the pancreatic head shows no remarkable change. The common bile duct
B # Al = measures about 12 mm in diameter and is more dilated than previously, thought to be due to

BEROBEBEBRONET . i :n.p.B:BEHY, B:np BT np.B:EBIT/PEREDY.  tymorinvasion of the common bile duct. The soft tissue shadow around the SMA shows no

BBKGL. REGYAXDYL I EBKEL, significant change. Dilation of the main pancreatic duct and pancreatic swelling have

response: improved compared to the previous study, considered to reflect the course of acute

Q: BERICED ISR ENHBNFELI=HA ? score: 8.5625 pancreatitis. Liver: n.p. Gallbladder: gallstones present. Spleen: n.p. Adrenal glands: n.p.

A BEEEICRMEEEMNEROH LN TLVET, score: 0.51171875 Kidneys: a small cyst in the left kidney. No ascites. No lymph node enlargement of significant
size.

Q: BLBROMIZKITELNH =D TI M. TOREFRAEESH>TLET H ? score:  Responses:

2 09375 Q: What kind of lesion was observed in the pancreas?

A IREIFAERLTLVET, score: 2.25 A: A pseudocyst was observed in the pancreatic tail.

Q: There was fluid retention between the stomach and spleen; what is its status now?

N = 4 s = < .
Q: MIEEDEZEIIENISLNTI M ? score: 15.0625 A: It has now disappeared.

A: $912mmTRIEILY BIEEEL TLDIEN MY ET . score: 5.625
Q: What is the diameter of the common bile duct?
Q: BIEOCBEOFRIZEEFHANFET A ? score: 10.0625 A: About 12 mm, and it is more dilated than before.
A: BEKIZEL BELB YA XD NEIERBLRDLNTLVER A, score: -5.125
Q: Were there any abnormalities in the peritoneum or abdomen?
HiEs (LA EIEdT D TLLOIN ? score: 2.859375 A: There is no ascites, and no enlarged lymph nodes of significant size are observed.

Q: fEEE
A: BEERERICTFTES 5% T, score: 0.98828125
Q: What does pancreatic head cancer refer to?
Q TS OEBEAOASZLLMATLLIMN? score: 2.1875 A: It refers to cancer located in the pancreatic head.
A:

= IEES L Z
ATELYREL THY ., RIEEXDEBTHHLEALNET . score: 0.349609375 Q: How are the main pancreatic duct and the pancreas itself in terms of size?

A: They have improved compared to the previous study, considered to reflect the course of
acute pancreatitis.
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Q: WICREEHDETIN?
A FIKIERBOHESNEEA

Q&ANRT

BSHREFIERIIRL. BREBYA XDV > ) \EREXRR
U. BBSHRMERER L. MKRL. BASHIRFFEBR
U. FFERSB D, BBEE. KEERL. BKRL.

PREMERET L
(SIGMA)

L)

Q: BICE
BEHDE
gh?

QRAERMET L

>0>rPO0PPO

EMETIVIC XD oART LB
: BICRER>HDEITH ?

: BKIERBHENFT A

: FHg(CRE (DD EFIH ?

: IS HVRRHERS (3 D EE ALY
U EICEERFRZTSNE I ?
: BRRYA XDV ) EEXRERTEEzEA.

FERIZRHESNE T,

R FABBDET. |

VQAET /L1

KHESET
FIL
(Gemma)

Equivalent

Conflict

Neutral
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Q: BECERESEDET HEND Conflict
h? VA2 HICHEMERESNTULWER Conflict .
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AEREERERER (XTI DVQA

Input: Image + Template Question Output : Description / Answer
eg. Please describe this image. eg. This image shows a scene XXX.

C. Wang, SPIE Medical Imaging 2026




AEREERERER (XTI DVQA

(
Pl describe this i 9.
ease describe this image.
<»
~ o
This image shows a scene from an endo-

V.. . . c
scopic surgical procedure. There are 3 ins-
truments in this picture. The Prograsp
Forceps is holdstilling. The Bipolar Forceps
is holdpulling. The Monopolar Curved
Scissors is traveling.

How many instruments are o)
there in this image? a»
< 3
V.

\ .

Locate all visible surgical
instruments in this image and 4a»
return their bounding boxes.

[{'bbox_2d': [918, 340, 1257, 566], 'label':
'Large Needle Driver'}, {'bbox_2d': |0, 50,
559, 366], 'label': 'Large Needle Driver'}]

) )
~ ~
<» 4w
=9 ~

[ |
Tell me the instrument’s batnding hos
number. 4w
There are two Large Needle Drivers in ;{ bbo.x_Zd : [528, 69?9 636, 783], 'label':
this image. Suction Instrument'}
J

Locate the Monopolar Curved
Scissors in this image and return its @J»
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Figure 2: OpenVLA model architecture. Given an image observation and a language instruction, the model
predicts 7-dimensional robot control actions. The architecture consists of three key components: (1) a vision
encoder that concatenates Dino V2 [25] and SigLIP [ /Y] features, (2) a projector that maps visual features to
the language embedding space, and (3) the LLM backbone, a Llama 2 7B-parameter large language model [10)].

https://arxiv.org/pdf/2406.09246
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#
mport O-S : i s # Train / Eval
from typing import Tuple # Dataset IEZx 4

#
class FundusAgeTrainValDataset(Dataset):

"R B + EM5([E1)%) A Dataset™"

def __init__(self, csv_path: str, img_root: str, transform=None):

import pandas as pd
from PIL import Image
import torch

def train_one_epoch(
model: nn.Module,
dataloader: Dataloader,

import torch.nn as nn criterion,

from torch.utils.data import Dataset, DataLoader Args: optimizer,

from torchvision import models, transforms csv_path: image_path, age =45 CSV deVlei torch.device,
- g epoch: int,

img_root: BYRDIL— b« L2 KU

. N -> Tuple[float, float]:
transform: torchvision.transforms 738 & ) upleffloa ]

model.train()
running_mse = 0.0
running_mae = 0.0
total=0

self.df = pd.read_csv(csv_path)
self.img_root=img_root
self.transform = transform

ChatGPTIC &k D 11— RERLHI

if "image_path" not in self.df.columns or "age" not in se!f.df.columns:
raise ValueError("CSV(C (& 'image_path' & 'age' FINNWMETY, ")
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