The Virtual Reference Radiologist: Comprehensive
Al Assistance for Clinical Image Reading and
Interpretation

ELECTRONIC SUPPLEMENTARY MATERIAL

Supplementary Text
Further Details on the Experimental Setup

The imaging studies were read on in-house radiology workstations with reporting monitors
strictly adhering to clinical conditions. For each modality and session, questionnaires with
dedicated reporting templates were designed using a dedicated and data privacy law-
compliant online survey tool (s2survey.net [SoSci Survey GmbH, Munich, Germany],
https://www.soscisurvey.de/en/index). First, the radiologists were broadly introduced to the
study (Supplementary Figure 1a) through an example case. Second, the individual case
descriptions (in the survey tool) and the respective studies (in the PACS) were presented
individually and in a predetermined sequence. The radiologists were asked to provide up to
three differential diagnoses (in the survey tool), ranked in descending order of probability, to
explain the patient’s symptoms, ideally specifying the severity of the condition
(Supplementary Figure 1b). Third, the radiologists were asked to gauge the confidence
level in their proposed diagnoses using a five-point Likert scale that ranged from ‘very
unsure’ to ‘very sure’ for each patient (Supplementary Figure 1c). Diagnoses and
confidence levels were logged automatically, and access to earlier pages was blocked after
each patient.

The order of administration was (i) radiography, (ii) CT, (iii) MRI, and (iv) angiography. After
completing the questionnaires unassistedly (session one), the radiologists re-read the same
studies using Al assistance (session two). Time restrictions or a minimum washout period
were not instituted, and the radiologists could re-read the imaging studies at their chosen
time. However, they were instructed not to collect additional information or seek assistance
on the patients, studies, or differential diagnoses between the readings. For the Al-assisted
readings, GPT-4 was accessed online (https://chat.openai.com/) and operated as the
chatGPT versions May 3, 12", and 24™. A new chat session was started for each patient to
avoid memory retention bias. The radiologists captured their complete interactions with GPT-
4, and the investigators collected the (radiologists’) prompts and (GPT-4’s) responses.
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Einleitung

Diese Studie dient dazu "konstliche Inteligenzen”, wie ChatGPT ais mogliches addiives Tool for befundende Rediologen im Kinischen This study evaluates “artificial ntelligence,” such as ChatGPT, as a potential additive tool for reporting radiologists in

Altag zu evaluierenHierfar werden dir je 10 Untersuchungen der Modaitaten Rontgen, Computertomographio. everyday clinical practice. For this purpose, you will be presented with 10 investigations each from the modailties:

rasentiort Fur jeden Fall erhaltst du dw passenden kinischan Angaben des Patenten , computed magnetic imaging, and . For each patient, you will receive

Dio Befragung lauft fur jedon Fallin den foigenden Schitien ab the corresponding clinical details, The study proceeds for each case in the following steps:

1 Prasentabon der Falvignette - du erhaitst die kiinischen Angaben des Patenten 1. Presentation of the case description - you are given the patient’s clinical details.

2 der - du offnest die pas der im PACS.Ordner 2. Presentation of the imaging study - following the predetermined sequence, you open the appropriate study in the
PACS folder.

3 Du gibst (mt fur don von dir erhobenen

Bidbefund an, dio des Patenten (falls mogiich ink!_ Schweregrad) - Eine Nutzung von Hilfsmittoln 3. Diagnosing the condition(s) - You provide up to three diagnoses (in order of ) for

(Internetsuche, Bcher, elc ) ist nicht erlaubt the imaging findings you have identified, which should ideally explain the patient's symptoms (including the severity if
possible). - Using external aid (internet search, books, etc.) is not permitted.

4. Diagnostische Sicherheit deiner Diagnose - Du gibst nach Angabe der Diagnose an, wie sicher du dir mit dreser Diagnose bist (Likert

Skala) 4. Diagnostic confidence of your diagnoses - After stating the diagnoses, you indicate your confidence (using a Likert

scale).
5. Nachster Fall - Du offnest den nachsten Fall und wiederholst Schritt 1.4 )

5. Next patient - You open the next case and repeat steps 1-4.
6. Hilfo durch ChatGPT (GPT4) - Nach dem ersten Durchiauf offnest du ChatGPT => GPTA4! und kannst ohne Begrenzung chatten um
ermeut drel Difflerentiaidiagnosen zu stelen. Hiarzu wiederholst du Schit 1.5 fur den komplatten zweiten Durchiaul 6. Assistance from ChatGPT (GPT4) - After the first round, you open ChatGPT => GPT41 and can chat without fimits to

propose three differential diagnoses again. To do this, you repeat steps 1-5 for the complete second round.
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7. Nach dem zweiten Durchiauf bist du am Ende des Fragebogens. und Belragung Uber
7. After the second round, you have reached the end of the questionnaire and may complete the survey by selecting
a ) a ) “done."”
1 2
Wotor Continue
” Example Case - A patient complains of acute dyspnea and tachycardia. He has been bedridden since knee
Eriekong ol Betuplet - S O e e Dympnos 0 luraen B et & WROF; Vor & Thpps hu okt wwd surgery 4 days ago and the operated leg is swollen considerably. A chest CT scan was obtained.
Betrachte dw vorlwgence und (max 3) n abstesgender Reientolge Examine the imaging study and name the most probable differential diagnoses (max. 3) in descending order.
Diagnose Diagnoses
Diforontiakdiagnose 1 Differential Diagnosis 1
Differentialdiagnose 2 Differential Diagnosis 2
Dfarentialdiagnose 3 Differential Diagnosis 3
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Supplementary Figure 1: Survey Tool and Questionnaire Details. Following the general introduction to the
study (a1 [English translation az]), the radiologists were asked to provide up to three differential diagnoses, ranked
in descending order of probability and using the itemized reporting template (b1 [English translation bz]).
Subsequently, the subjective confidence level for the particular imaging study was rated on a five-point Likert
scale ranging from ‘very unsure’ to ‘very sure’ (c1 [English translation c2]).
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Supplementary Figure 2: Screenshot of the sample size calculation using G*Power software.
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Supplementary Tables

Supplementary Table 1: Total Counts of Correct and Incorrect Diagnoses and Diagnostic
Accuracy as a Function of Experience Level and Imaging Modality for Al-Assisted and
Unassisted Readings When Considering the ‘Top-3 Performance’, i.e., the Count of Correct
Diagnoses Among the Three Differential Diagnoses.

Presented are the aggregated counts of correct and incorrect diagnoses and diagnostic accuracies
(calculated as the number of correct diagnoses divided by the number of correct and incorrect
diagnoses) for radiologists with different levels of experience (summarized across all modalities), for
each imaging modality (summarized across all experience levels), and for the different combinations of
experience level and imaging modality. Counts and diagnostic accuracies are further stratified as Al-
assisted or unassisted.

Al-Assisted Readings Unassisted Readings

Ex?_ir\:zrce Il\lln;?igllrilt?/ Correct | Incorrect ?Gi?:g::as:ic Correct | Incorrect Diagnostic

[n] [n] (%] y [n] [n] Accuracy [%]

Advanced 71 9 89 70 10 88
Moderate 62 18 78 63 17 79
Low 55 25 69 48 32 60
Angiography 48 12 80 46 14 77
CT 54 6 90 51 9 85
MRI 42 18 70 39 21 65
Radiography 44 16 73 45 15 75
Advanced | Angiography 17 3 85 16 4 80
Advanced CT 20 0 100 20 0 100
Advanced MRI 17 3 85 17 3 85
Advanced | Radiography 17 3 85 17 3 85
Moderate | Angiography 17 3 85 17 3 85
Moderate CT 18 2 90 18 2 90
Moderate MRI 13 7 65 12 8 60
Moderate | Radiography 14 6 70 16 4 80
Low Angiography 14 6 70 13 7 65
Low CT 16 4 80 13 7 65
Low MRI 12 8 60 10 10 50
Low Radiography 13 7 65 12 8 60
All All 188 52 78 181 59 75
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Supplementary Table 2: Total Counts of Correct and Incorrect Diagnoses and Diagnostic
Accuracy as a Function of Experience Level and Imaging Modality for Al-Assisted and
Unassisted Readings When Considering the ‘Top-1 Performance’, i.e., the Count of Correct
Diagnoses provided as the First Differential Diagnosis.
Presented are the aggregated counts of correct and incorrect diagnoses and diagnostic accuracies
(calculated as the number of correct diagnoses divided by the number of correct and incorrect
diagnoses) for radiologists with different levels of experience (summarized across all modalities), for
each imaging modality (summarized across all experience levels), and for the different combinations of
experience level and imaging modality. Counts and diagnostic accuracies are further stratified as Al-
assisted or unassisted.

Al-Assisted Readings Unassisted Readings

Ezpf;\l,i?c ;nn;?j?'?t% Correct | Incorrect | Diagnostic | Correct | Incorrect Iﬁzg:?:;;c
[n] [n] Accuracy [%] [n] [n] [%]
Advanced 63 17 79 63 17 79
Moderate 53 27 66 52 28 65
Low 47 33 59 39 41 49
Angiography 40 20 67 40 20 67
CT 49 11 82 46 14 77
MRI 37 23 62 30 30 50
Radiography 37 23 62 38 22 63
Advanced | Angiography 14 6 70 15 5 75
Advanced CT 18 2 90 18 2 90
Advanced MRI 17 3 85 15 5 75
Advanced | Radiography 14 6 70 15 5 75
Moderate | Angiography 14 6 70 14 6 70
Moderate CT 16 4 80 16 4 80
Moderate MRI 11 9 55 9 11 45
Moderate | Radiography 12 8 60 13 7 65
Low Angiography 12 8 60 11 9 55
Low CT 15 5 75 12 8 60
Low MRI 9 11 45 6 14 30
Low Radiography 11 9 55 10 10 50
All All 163 77 68 154 86 64
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Supplementary Table 3: Results of the Simplified Generalized Linear Mixed-Effects Model
Analysis for the ‘Top-3 Performance’ and ‘Top-1 Performance’.

The coefficients and p-values for each predictor are presented, quantifying its effect on diagnostic
accuracy. The coefficients represent the change in the log odds of giving the correct diagnosis for
each category compared to the reference categories, i.e., advanced (experience level), angiography,
and Al-assisted. Coefficients are given as Mean [95 % Confidence Interval]. Significant associations

are indicated in bold type. Normality testing (D'Agostino's K2 test) indicated that the residuals

conformed to an (approximate) normal distribution with a test statistic of 0.248 (p=0.883).

Predictor

Top-3 Performance

Top-1 Performance

Coefficient p-value Coefficient p-value
Experience_Level[Low] -1.46 [-2.05; -0.87] | <0.001 -1.20 [-1.7; -0.7] <0.001
Experience_Level[Moderate] -0.75[-1.37;-0.14] | 0.017 | -0.69[-1.19; -0.18] | 0.008
Modality[CT] 0.69 [-0.02; 1.40] 0.056 0.67 [0.08; 1.27] 0.027
Modality[MRI] -0.59 [-1.19; 0.01] 0.052 | -0.491[-1.02; 0.05] | 0.077
Modality[Radiography] -0.25[-0.86; 0.37] | 0.435 | -0.19[-0.74; 0.35] | 0.488
Assistance_Status[Unassisted] -0.18 [-0.62; 0.27] 0.428 | -0.18[-0.58; 0.21] | 0.366

Read the table as follows: For the ‘top-3 performance’, “Experience_Level[Low]” has a mean

coefficient of -1.46, which indicates that the chance of providing the correct diagnosis is lower for a
low-experience radiologist compared to an advanced-experience radiologist. p < 0.001 indicates the
association to be significant. In contrast, “Modality[CT]” has a mean coefficient of +0.69, which
indicates an increased, yet statistically not significant (p = 0.056) likelihood of a correct diagnosis
when interpreting CT versus angiographic studies.
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Supplementary Table 4: Effects of Experience Levels, Imaging Modality, and Al Assistance on
Diagnostic Confidence

Given are the results of a linear mixed-effect model with coefficients and their associated 95%
confidence intervals (mean [95 % Confidence Interval]), and p-values. Predictors with significant
effects on diagnostic confidence scores are highlighted in bold type. Advanced experience level,
angiography, and Al-assisted (readings) served as the reference categories. Normality testing

(D'Agostino's K2 test) indicated that the residuals conformed to an (approximate) normal distribution
with a test statistic of 5.4812 (p=0.0645).

Predictor Coefficient p-value
Experience_Level[Low] 0.40 [-0.65; 1.45] 0.456
Experience_Level[Moderate] 1.71 [0.85; 2.58] <0.001
Modality[CT] 0.17 [-0.44; 0.77] 0.590
Modality[MRI] -0.88 [-1.44; -0.31] 0.003
Modality[Radiography] -0.06 [-0.46; 0.35] 0.777
Assistance_Status[Unassisted] -0.49 [-0.66; -0.33] <0.001
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Supplementary Table 5: ‘Misinterpretations’ by GPT-4. Detailed are excerpts of the radiologists’ prompts and
GPT -4’s responses, and the associated analyses. Prompts and responses have been redacted for conciseness,

readability, and comprehension.

[Angiography] Dysfunction of the
port catheter with missing
contrast medium near the tip.
What is the diagnosis?

It sounds like there may be an issue

with the port catheter, as the contrast
medium is leaking near the tip of the
catheter. [...]

"Missing contrast medium" is
misunderstood and interpreted as
"leakage".

[Angiography] How do |
distinguish HCC from other liver
tumors in angiography? Please
elaborate on distinguishing
criteria.

Hepatocellular carcinoma (HCC) is
one of the most common types of
liver tumors and can exhibit
characteristic features in various
medical imaging studies, including
angiography. [...] Hypervascularity in
the arterial phase [...] Washout in the
portal-venous or late phase [...]
Arterioportal shunts [...] Necrosis or
hemorrhage [...]

Only imaging criteria of HCC are
mentioned, while distinguishing
criteria (versus other hepatic
lesions) were explicitly asked.
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