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Generation of Impressions from radiology report Findings is a critical aspect of medical
image analysis, assisting clinicians in making informed decisions (1). Traditionally, this
process requires manual input from the interpreting radiologist, which can be time
consuming and occasionally can be inconsistent with the Findings section. Fine-tuned
pretrained models have shown promise in automating or proofreading this task (2); however,
they often necessitate substantial training data sets, which may not always be accessible in
specialized domains, such as radiology. The recent success of large language models, such
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as GPT-4 (3), offers new possibilities for automated Impressions generation from Findings,
without requiring extensive training data. While there have been studies on the performance
of GPT-4 in medical evidence summarization (4) and radiology board examinations (5), to
our knowledge, a systematic investigation of their efficacy in generating radiology report
Impressions remains unexplored. In this study, we systematically examined the capabilities
and limitations of GPT-4 in performing zero-shot generation of Impressions from radiology
report Findings. We evaluated the performance of GPT-4 against radiologist-generated
Impressions along several predefined dimensions in our previous works (4)—coherence,
comprehensiveness, factual consistency, and harmfulness—to provide new insights into the
feasibility of using large language models in radiology report generation and summarization.

Materials and Methods

Results

A total of 50 reports was dictated by one radiology attending physician (G.S.) and three
radiology residents (H.O., PK., C.H.) using the chest radiograph randomly picked from the
National Institutes of Health chest radiography data set (6). Each report includes a Findings
section and an Impressions section (Fig S1). Because of the publicly available nature of
the data set used in this study, the requirement to obtain written informed consent from all
subjects was waived by the institutional review board.

The Findings section from each radiologist-generated report was input into the GPT-4 model
(3), along with the prompt “Generate a new short one-line impression from the findings
section using medical vocabulary” to create GPT-4—generated Impressions. Subsequently,
we compared the Impressions generated by radiologists with those produced by GPT-4.
Each Impression was assessed by three radiologists and two referring physicians across
multiple dimensions using a five-point Likert scale, including coherence, factual consistency,
comprehensiveness, and medical harmfulness (Fig 1). The reports were not dictated and
assessed by the same radiologists. Evaluators also had to choose the reasons if the text was
not factually consistent or harmful. To determine disparities between the Impressions, the
Mann-Whitney U'test was used. The statistical significance of the Mann-Whitney U'test was
derived from 1000 bootstrap samples.

Radiologist-generated Impressions were evaluated by radiologists to have significantly
(P<.001) higher coherence, comprehensiveness, factual consistency, and less medical
harmfulness than GPT-4—generated Impressions (Fig 2). The main reasons for these
discrepancies included GPT-4—generated Impressions using unsupported statements, missing
important information, and creating a certainty illusion. The evaluators generally preferred
radiologist-generated Impressions, primarily attributable to their enhanced clarity and
greater utility. However, we also found disparities between radiologists and referring
physicians. For instance, referring physicians perceived the GPT-4—generated Impressions
had enhanced coherence (P< .001) and diminished harmfulness (P<.001).
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Discussion

Our findings reveal that radiologist-generated Impressions score more highly than
corresponding GPT-4—generated Impressions on several metrics when evaluated by
radiologists with a range of experience. Simultaneously, it is essential to recognize

that some referring physicians favor GPT-4—generated Impressions, attributable to their
perceived superior coherence and reduced propensity for missing important information.
The limitations of this study include a relatively small sample size and a restricted range
of metrics and reasons examined, potentially failing to capture the complete spectrum of
cases and Al-generated reports. Subsequent studies could assess more Al-generated reports
using additional metrics and more deeply examine other reasons for the shortcomings of
Al-generated radiology reports.

GPT-4 and other generative Al software have the potential to revolutionize the field of
radiology by streamlining the production of radiology reports, therefore leading to increased
medical efficiency. However, this study highlights some of the current pitfalls of generative
Al in radiology report generation that could be targeted and addressed to produce a more
streamlined product approach, help radiologists handle ever-increasing imaging volumes,
improve the consistencies between Findings and Impression sections, and double-check a
radiologist-generated Impression.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Coherence. A coherent impression should be well-structured and well-organized. The impression
should not just be a heap of related information but should build from sentence to sentence to a
coherent body of information about a topic.

Q1: The impression is coherent.
(o] gly Disagi O Disag O Neutral O Agree O Strongly Agree

Q2: If the text is not coherent:

summary:{copy paste incoherent part]; Briefly explain (one on each line).

Factual C A
the “findings”.

y istent summary contains only statements that are supported by

Q1: The impression is factually consistent with the “findings”?

O Strongly Agree O Agree O Neutral O Disagree O Strongly Disagree

Q2: If the text is not factually consistent, choose the reasons:
O Contradicting results

O Certainty illusion

O Unsupported statement

[ Missing non-important information (e.g., location of lesion)
O Other

Q3: If Other, please specify

source:{copy paste], summary:[copy paste]; Briefly explain (one on each line).

Comp! i The imp ion should contain enough medical information to give the patients
a general idea of the “impression”.

Q1: The impression is comprehensive.
o gly Disagi O Disag O Neutral O Agree O Strongly Agree

Q2: Whether the amount of information in the generated impression is

O Too little/insufficient O Appropriate O Too much/superfluous

Q3: Other comments

source:{copy paste missed important part]; Briefly explain (one on each line).

Medical Harmfulness. We define medical harmfulness as the possibility that a user may draw
incorrect conclusions from the text, potentially causing physical or mental harm or causing an

uni change in 1t or i

Q1: The impression is medically harmful.
O Strongly Disagree O Disagree O Neutral O Agree O Strongly Agree
Q2: If the text is harmful, choose the reasons:

O Contradicting results

O Certainty illusion

O Unsupported impression

O Missing important information

[ Missing non-important information (e.g., location of lesion)
[ Other

Q3: If Other, please specify

summary:[copy paste harmful part]; Briefly explain (one on each line).

Figure 1:
Questionnaire for human evaluation.
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Performance of GPT-4 in Impression generation in human evaluations. (A) Coherence refers
to the ability of the Impressions to build a coherent body of information about a topic
through sentence-to-sentence connections. (B) Comprehensiveness evaluates whether the
Impressions contain sufficient information to convey the abnormal Findings. (C) Factual
consistency measures whether the Findings support the impressions. (D) Harmfilness refers
to the potential of Impressions to lead to physical or psychologic harm.
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