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Abstract

GPT-4 Vision (GPT-4V) represents a significant advancement in multimodal artificial intelligence, enabling
text generation from images without specialized training. This marks the transformation of ChatGPT as a
large language model (LLM) into GPT-4’s promised large multimodal model (LMM). As these Al models
continue to advance, they may enhance radiology workflow and aid with decision support. This technical
note explores potential GPT-4V applications in radiology and evaluates performance for sample tasks. GPT-
4V capabilities were tested using images from the web, personal and institutional teaching files, and hand-
drawn sketches. Prompts evaluated scientific figure analysis, radiologic image reporting, image comparison,
handwriting interpretation, sketch-to-code, and artistic expression. In this limited demonstration of GPT-
4V’s capabilities, it showed promise in classifying images, counting entities, comparing images, and
deciphering handwriting and sketches. However, it exhibited limitations in detecting some fractures,
discerning a change in size of lesions, accurately interpreting complex diagrams, and consistently
characterizing radiologic findings. Artistic expression responses were coherent. While GPT-4V may
eventually assist with tasks related to radiology, current reliability gaps highlight the need for continued
training and improvement before consideration for any medical use by the general public and ultimately
clinical integration. Future iterations could enable a virtual assistant to discuss findings, improve reports,
extract data from images, provide decision support based on guidelines, white papers, and appropriateness
criteria. Human expertise remain essential for safe practice and partnerships between physicians,
researchers, and technology leaders are necessary to safeguard against risks like bias and privacy concerns.
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Introduction

When GPT-4 was released in March 2023, it was touted as the multimodal evolution of ChatGPT. Multimodal
systems, i.e., large multimodal models (LMMs), aim to take advantage of different input types, like images
and text, to unlock novel capabilities [1,2]. This capability finally became fully available to the public
through GPT-4 Vision (GPT-4V) in October 2023, within the ChatGPT Plus user interface, along with the
newest iteration of OpenAI’s image generator, DALL-E 3 [3].

GPT-4V represents important progress in multimodal artificial intelligence (AI) capabilities. Without
specific training on computer vision tasks, it can generate textual descriptions of image content, categorize
images, and provide basic captions [1]. This zero-shot performance on vision language tasks demonstrates
the expanding versatility of large language models (LLMs) [1].

The training methodology for GPT-4V is based on the same Transformer architecture used for GPT-4 and
was completed in 2021. The pre-trained model was first primed to predict the next word, using a large
dataset of text and image data from the Internet and licensed data sources. It was then fine-tuned through
the use of reinforcement learning from human feedback (RLHF) [1].

Unlike previous image classifiers, GPT-4V can contextualize and explain visual inputs using an integrated
understanding of images and text with high levels of deductive reasoning. For example, it can comprehend a
vast array of photographs, diagrams, flowcharts, and data tables. Its skills in captioning and describing
images indicate the potential to achieve more fluent multimodal communication. Most importantly, these
powerful capabilities are not only now widely available to individuals from a wide range of backgrounds with
a variety of resources but are also easy to implement through the use of natural language, highlighting their
remarkable accessibility, affordability and ease of use. With the ability to input images, prompt engineering
is taken to the next level.

As LMMs continue to advance, GPT-4V capabilities could substantially augment radiology workflow. For
example, the multimodal system may provide helpful differential diagnoses from input scans, provide
preliminary structured reports, characterize lesions or quantify disease burden, and recommend appropriate
follow-up protocols. This could assist radiologists with triage, prioritization, and decision support [4].
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Strengths (S)

Technical Report

In this technical paper, several potential applications of GPT-V are presented in a SWOT (Strength,
Weakness, Opportunities, Threats) table (Table 7), and the performance is evaluated and explored for some
sample tasks relevant to the field of radiology [5].

Weaknesses (W)

Zero-shot image captioning and classification Lacks reliability for diagnosis
Lesion/abnormality counting capabilities Makes factual errors and hallucinations
Natural language report generation from images Exhibits bias and unfairness

Ability to process flowcharts, diagrams, guidelines Inconsistent at interpreting complex images

Opportunities (O)

Threats (T)

Automated triage and prioritization Patient harm from inaccurate outputs
Decision support and care protocols Liability issues from improper reliance
Enhanced report quality and follow-up Cybersecurity risks

Improved clinician workflow and productivity Unfair treatment of diverse patients

TABLE 1: A SWOT analysis for specific potential applications of GPT-4 (Vision) in radiology.

SWOT (Strength, Weakness, Opportunities, Threats) table for specific potential applications of GPT-4 (Vision) in radiology.

As mentioned earlier, the multimodal ecosystem of GPT-4, as an LMM, includes text-to-text, text-to-image,
image-to-text, and text-to-code capabilities and hundreds of third-party plugins. These are now accessible
and available in one platform, ChatGPT Plus, to individual users. At the time of this publication, when the
DALL-E 3 feature is activated in GPT-4, the input image option is disabled. Therefore, the image input
capability is only available in the default and advanced data analysis modes of GPT-4.

The GPT-4V tasks evaluated in this paper fall into six use case categories: scientific figure analysis,
radiologic image report generation, radiologic image comparison, deciphering handwriting, sketch-to-code
capability, and emotion/artistic expression. Radiographic images were obtained from personal and
anonymized institutional PACS teaching files and the Internet. Sketches and handwritten notes were
photographed. Subsequently, images were input into GPT-4 in the form of JPEG or PNG files accompanied by
appropriate text prompts.

The provided examples simply serve as a demonstration of some of the potential capabilities of not only
GPT-4V but also GPT-4 overall as an LMM. Some of the information in the responses is most likely
retrieved from the input image and the underlying textual training data of GPT-4, highlighting its strength
in contextualization and reasoning. Furthermore, these examples do not evaluate accuracy and do not
necessarily represent the consistent performance of the system, as regenerating results would invariably
provide different results. As such, the first iteration of this Al model with visual input requires significant
improvement for any medical, scientific, and clinical applications. Its performance in general tasks,
however, was somewhat more consistent. Of note, this is only an anecdotal personal experience and not a
scientific evidence-based statement.

Analyzing scientific schematics

In this category, the ability to interpret and analyze flowcharts, algorithms, guidelines, and tabulated data
can be showcased and evaluated (Figure 14, 1B). Of note is the true power of LMMs, where the information
gathered from the image can be used for a response, and the base knowledge from the training data of the
native GPT-4 language model can be incorporated.
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FIGURE 1: Analyzing scientific schematics

A. Demonstration of decision support capability in determining the Liver Imaging Reporting and Data System (LI-
RADS) category of a liver mass on MRI. B. Explanation of a schematic regarding the underlying mechanism
behind tomosynthesis.

Image classification

Here, the ability to classify an image is showcased, an essential first step in evaluating any image by the Al
model. In the case of radiology, GPT4-V appears to do well in determining the type of exam, i.e., radiograph,
MRI sequence, and CT slice (Figure 2A) . It can also contextualize an entity by detecting words within an
image to conceptualize the overall image as a whole (Figure 2B).
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what is this?

These are medical imaging scans, specifically magnetic resonance imaging (MRI) of the

brain. The arrows indicate areas of interest or abnormalities. Various sequences and

modalities have been used:

A: Axial CT scan of the brain.

B: Sagittal MRI sequence.

C: Axial T2-weighted MRI.

D: Axial MRI with contrast.

E: PET scan showing metabolic activity.

F, G, H: Diffusion tensor imaging (DTI) showing white matter tracts.

what is this?

This is a 3D representation of certain anatomical structures related to the skull base. The
model includes labeled components such as the "Petrous Apex", "Meckel's Cave",
"Eustachian Tube", "Cavernous Sinus", "Infratemporal Fossa", and "Palate". It seems to be a

visual aid designed to simplify and visually represent these complex anatomical regions.

FIGURE 2: Image classification

A. Detection of radiologic exam types. B. Conceptualizing a 3D model.

Radiologic image report generation

After determining the type of study, detection of abnormality, interpretation, and suggesting a
recommendation, the model presents the next steps. It is important to realize that this AI model has not
been trained for medical purposes in its current iteration, as the training data are mainly from publicly
available resources on the Internet [5]. In the example of a Jones fracture, the model was unable to detect
the fracture, but once an arrow was placed on the fracture site (Figure 3B), the response was satisfactory. It
did, however, detect a ground-glass opacity in the lung on a CT chest (Figure 5A). However, it was
considered bilateral even though it was only on one side.
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make a preliminary report

Axial CT of the chest demonstrates:

1. Bilateral areas of ground-glass opacities and consolidative changes,
predominantly involving the lower lobes. These findings can be

suggestive of a range of conditions including infectious processes

what is this?
(such as viral pneumonia, including COVID-19), interstitial lung
disease, or other inflammatory conditions.

2. The central airways appear patent without evidence of obstructing
The images show dorsal and oblique views of the foot. The arrows
masses.
point to a fracture of the fifth metatarsal base, commonly referred to
No significant mediastinal or hilar ymphadenopathy is noted.

. as a Jones fracture.
4. Visualized osseous structures show no acute abnormalities.

FIGURE 3: Radiologic image report generation

A. Interpretation of a CT chest with ground-glass opacity. B. Interpretation of a foot radiograph with the help of an
arrow (without the arrow, the fracture was not detected).

Radiologic image comparison

Interestingly, counting entities and assessing the difference between images is another inherent capability
that can be valuable in radiology. For example, the progression of disease on MRI in multiple sclerosis
(Figure 4B) or improvement of pleural effusion in chest radiographs (Figure 44) can be quick binary
responses that GPT4-V has the ability to provide with varying levels of accuracy and consistency. However, a
change in the size of a lesion (Figure 4C) proves to be a more challenging task at this time.
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tell me about this patient with pleural effusion count the lesions only in the brain parenchyma for each scan and compare

©  These are PA chest radiographs. Enags GeS A/22/2020°
* 6
On the image dated 9/1/2023: /202

* There's a large right-sided pleural effusion, evident by the homogenous
opacity in the right lower hemithorax, causing blunting of the right
costophrenic angle. The fluid level is apparent with a meniscus sign.

The right lung appears compressed superiorly due to the effusion.

the image dated 9/21/2023:

* The right-sided pleural effusion appears significantly reduced. The lung

the f the pull dulk the left and right, in the
fields are clearer with better visualization of the right lung's lower e e P

same patient, 6 months apart.
zones. The right costophrenic angle is less obscured compared to the

revi im. indicatin ecrease in the effusion's size.
DS L LU | GRS T D G Upon examination, the pulmonary nodule in the right image seems

size to the one in the left image. However, determining
The images show an interval reduction in the right-sided pleural effusion

ubtle chan: quire:
over the 20-day period. This suggests that the patient may have software and the expertise of a radiologist. Always refer to a trained

A undergone intervention or responded to medical treatment. professional for conclusive result

FIGURE 4: Radiologic image comparison

A. Detection of improvement in pleural effusion in chest radiographs. B. Detection of progression of disease on
MRI in multiple sclerosis. C. Inability to detect a change in the size of a pulmonary nodule.

Deciphering handwriting and sketch-to-code capability

In conjunction with optical character recognition technologies, the Al system is able to read handwritten
notes, even in cursive, in different languages. Subsequently, it can process the information, respond to any
questions, or incorporate the information into its other tasks. Cases where this may be useful in radiology
include scanned documents containing handwritten notes by ordering clinicians, technologists, and patients
(Figure 5A). Similarly, GPT4-V has the capability to interpret hand-drawn sketches, even for complex tasks
such as app development or web design (Figure 5B, 5C).
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@] Thelistyou provided consists of:

1. Montelukast - Used for allergies.

Mansrelukast - ﬂvl/e/;o es
2. Atorvastatin (Lipitor) - Used for cholesterol.
W e 5(’5{ /7 A b M 5 (—m)'é Metoprolol (Toprol) - Used for blood pressure.
([, ip I'\(-OYJ 4. Isosorbide - Used for chest pain/angina.

5. Warfarin (Coumadin) - An anticoagulant or blood thinner.

W{‘U]j f?feo’e = 5[ a‘arf pressui 6. Omeprazole - Used for gastroesophageal reflux disease (GERD) or
( TUP fg—€ ) heartburn.

« : R Phenytoin - Used for neuropathy and also as an antiepileptic.
[so30vbide - Cluast pa,mlmwau

8. Valsartan/HCTZ (Diovan) - Used for blood pressure.

L{)ﬂ/fmm (MJ“ '\) i (7[dvd "’&"M Regarding lumbar puncture (LP) contraindications:
r ‘.& k! 4,5‘4/1[ lux * Warfarin (Coumadin): This is an anticoagulant. Patients on warfarin
u are at increased risk for bleeding complications, including

p ! ""\ » hematoma formation after an LP. If an LP is needed, it is crucial to

check the patient's coagulation status, such as INR, and ensure it's
Ya/eja/(m{ HCT_Z (&NM) i B ) F' within a safe range. Depending on the urgency and the INR, warfarin
may need to be held and possibly reversed.

* Metoprolol (Toprol) and Valsartan/HCTZ (Diovan): These are
antihypertensive medications. While they don't directly
contraindicate LP, it's essential to ensure the patient is
hemodynamically stable before the procedure.

* Therest of the medications do not have direct contraindications with

write this up and check for contraindication for performing an LP LP but always consider the clinical context and the specific patient
A situation.

Backend (Flask with Python)
i Directory Structure
e

APP Flowctaer .
FRonT EnND | X
fexgbox UT

Backend Code: "299.5Y’

Frontend (HTML with JavaScript)

Frontend Code: “index. htal"

you are a fullstack software dev. you are an expert in python, flask and
javascript. the user has uploaded a flowchart of a simple app he
needs. can you create it? also tell me where to put each code.

ok</button>

provide the HTML code for a homepage that looks like this image
with a panel on the left side with links for each item that lead to their
respective webpage. in the right-hand panel would be the userinput
textbox we crated in the earlier step.

FIGURE 5: Deciphering handwriting and sketch-to-code capability

A. Deductive reasoning from a handwritten list of a patient's medications prior to performing a lumbar puncture. B.
Instructions and code on how to an develop an app from a basic hand-drawn sketch. C. Instructions and code for
development of a user interface from a hand-drawn sketch.

Artistic and emotional expression

Perhaps of all the discussed capabilities, this aspect demonstrates the completeness and harmonious nature
of this multimodal system the best in the way it has been trained. In the examples provided, the model
accurately detects the elements within the photographs and their interconnections and is able to
subsequently use its underlying knowledge to deliver inspirational quotes (Figure 6A), poetic verses (Figure
6B), and humor (Figure 6C), all of which can contribute to patients’ ability to cope with disease.
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how can this image be interpreted for a patient struggling with
chronic epilepsy? write a poem in the style of Rumi.

In the realm where thoughts intertwine,
Beneath a canvas of whispered lines,
write an inspirational and motivational statement using this photo for ECere DICEEE
aterminally ill patient that is unable to travel and guess where it might Eeartio the e ikcfaiiantal

be and what it is showin,
< Each stroke, a memory, a jolt, a phase,

Echoes of a dance, ina mystic haze.

1 see he light within,
"In the grand tapestry of the cosmos, each twinkling star tells a story, e

Amidst the storms, a peace begins.
each moment a unique gift. Though our feet may be bound to one

place, our spirits are free to soar, to traverse the expanse of the
universe. This breathtaking canvas of the night, believed to unfold in You're not alone in this journey shown.
the embrace of Joshua Tree National Park, showcases the Milky Way's Like ortrait, veiled in grace,
radiant dance. Let it remind you that beauty is omnipresent, and Find strength in challenges you face.

dreams are as boundless as the sky." Fokin avary trarnac, evary aliaks,
or in every tr , every shake,

There's a lesson, a path, a new road to take.
Embrace the rhythm, the ebb, and the flow,

For in the dance, your spirit will glow.

Seek not just healing, but the love profound,
In the whispers of Rumi, such truths are found.
For beyond the trembles, the fear, the despair,

Lies a world of love, waiting to care.

whatiis going on in this photo? write 3 uncle jokes.

In the photo, a baby wearing a yellow shirtis pulling on an adult's ear

while nibbling on a white object, possibly a teething toy.

1. "Why did the baby pull the uncle’s ear? He was looking for the
volume button to turn down the dad jokes!™

2. "You know you're an uncle when a baby uses your ear as a handle and
you just go with it."

3. "That baby’s got a grip on the uncle's ear... probably trying to fast
forward through the boring adult talki"

FIGURE 6: Artistic and emotional expression

Examples of capabilities in generating A. inspirational quotes, B. poetry, and C. humor.

Discussion

LMMs combining perceptual and linguistic capabilities like GPT-4V may open new possibilities for AI to
interpret and communicate complex ideas spanning visual and textual information. Recently, OpenAl has
also introduced voice capability to allow for conversations with the mobile app version of ChatGPT [6].
Internet access and interaction with document and data files can also be done, which further enhance the
multimodal nature of the LLM. The current generation of GPT4-V still has substantial reliability gaps that
need to be addressed. However, the accelerating pace of research suggests future iterations could obtain
sufficient skills for conversing naturally about visual inputs and reasoning. If technical and ethical
challenges are responsibly managed, such systems may eventually assist humans in perceiving and
interacting with our rich multimodal world. Meta has recently demonstrated the use of its smart glasses that
allow users to interact with its advanced conversational assistant, Meta Al, and ask questions in real time

[7].

The combination of advanced multimodal systems like GPT-4V and generative image models such as DALL-E
3 point toward intriguing possibilities such as Auto-GPT agents with self-reflection capabilities [8]. With the
help of drawing tools in GPT-4V and few-shot learning techniques, a machine learning approach where the
Al model is trained to make precise predictions using a minimal set of labeled examples, these agents could
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begin to train themselves by generating and learning from their own examples over time. However, while
future technical feats are exciting to envision, the true transformative power of these systems will stem from
their contextual understanding and reasoning through continued human feedback and fine-tuning.

More recently, studies have taken a closer look at the utility of GPT-4V in radiology and more thoroughly
explored limitations. For example, a zero-shot setting (operating without prior training) model was found to
be significantly less accurate than resident and attending radiologists in interpreting chest X-rays [9].
However, after undergoing few-shot learning, the model demonstrated notable improvements in diagnosing
pathologies [9]. Another neuroradiology study compared GPT-4 with GPT-4V, in which both received medical
history, but GPT-4 received imaging findings, and GPT-4V received the raw images [10]. While GPT-4
demonstrated a relatively higher diagnostic performance than GPT-4V, neither model reached the level of
board-certified radiologists [10].

One of the variables that is always a topic of debate is the temperature setting of LLMs, in which increasing
values also increase the “creativity” and randomness of the model, as opposed to generating more stable and
reliable responses. In this regard, GPT-4V was able to generate more diverse differential diagnoses at higher
temperatures [11]. Even though the GPT-4V slightly underperformed relative to radiologists, it was
suggested that it can be used as a supportive tool when reading imaging [11].

It remains the case that task-specific computer vision models extensively trained for specialized use cases,
such as in radiology, would surpass the performance of GPT-4V's general-purpose vision skills [12]. The
primary utility of multimodality in systems like GPT-4V may be improving accessibility and user experience
for mainstream applications rather than specialized computer vision tasks [12]. If further improved and
opened to developers, GPT-4V could potentially be integrated into some computer vision workflows for its
zero-shot image captioning and classification strengths evidenced during testing [12]. However, it would
serve a complementary role to, rather than replacing, state-of-the-art task-specific vision models.

While computer vision and machine learning technologies have been heavily implemented in radiology
applications and research [13], GPT-4V can bring a new dimension to a wide range of potential use cases,
especially for the general public and non-AI experts/scientists. As it applies to radiology, such a tool could
one day enable quick preliminary natural language impressions of medical images for users. It could
highlight areas of concern and flag incidental findings. However, it currently lacks the reliability for
diagnosis or clinical decision-making.

Natural language generation from images could also evolve into a bi-directional radiologist assistant,
engaging in nuanced discussions of findings and providing evidence-based recommendations to improve
report quality and follow-up care. With progress in multitasking learning, a single system may gain
specialized skills for modalities ranging from X-ray and CT to MRI and ultrasound. Computer vision
advancements of multimodal AI systems could make such virtual assistants highly adept at information
extraction from images, automatically fetching relevant priors, pathology, lab data, or clinical history to
synthesize integrated impressions. This could drastically reduce reporting workload, especially tedious and
menial tasks, boosting productivity.

To evaluate risks, OpenAl engaged experts to probe vulnerabilities across areas like medical advice,
stereotyping, and misinformation detection [1]. Results revealed inconsistencies in GPT-4V’s scientific and
medical analysis. They failed to interpret some complex diagrams accurately, overlooked details in scans,
and made incorrect inferences about medical imaging [1]. This reinforces the need for caution in any clinical
applications and highlights the need for continued fine-tuning and improvement.

The models' capabilities in solving board-style questions have also been investigated. One study looked at
the performance of vision-language models such as GPT-40, GPT-4 + GPT-4V, Claude-3 Sonnet, and Claude-
3 Opus across board questions from diagnostic radiology, nuclear medicine, and interventional radiology.
OpenAlT’s current flagship model, GPT-40, demonstrated consistently superior performance compared to
other models, such as [14]. A retrospective study in the context of the Japan Diagnostic Radiology Board
Examination did not find a significant difference in accuracy when comparing GPT-4 + text only with GPT-
4V + text AND image inputs [15]. Of note, even though both models performed similarly, GPT-4V received
significantly lower legitimacy scores, a measure of each model’s comprehension level. This was due to the
fact that GPT-4V often incorrectly interpreted imaging (e.g., mislabeling signal intensities and lesion
anatomy) [15]. Similarly, a separate study found that GPT-4V scored similarly to physicians but was found to
have a faulty rationale reaching the final answer in 35% of the questions it answered correctly [16].

OpenAl also found issues with potential bias and unfairness when GPT-4V makes inferences about images of
people [1]. To mitigate risks, they added refusals for sensitive attributes and ungrounded inferences. Further
work is required to improve reliability and fairness before this technology can be integrated into healthcare
settings [1]. OpenAl also identified cybersecurity and privacy risks related to captcha-breaking, facial
recognition, and geolocation that currently limit public release through an API [1,17,18,19]. Adding visual
prompting to text increases the vulnerability of the ecosystem to prompt injection attacks, meaning that
manipulating text and image inputs can result in incorrect outputs, including misinformation or misleading
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images [20].

There are a number of limitations with this technical paper. First, it simply represents a preliminary
evaluation and introduction of GPT-4V capabilities in six broad categories that can steer researchers,
radiologists or other health-related specialties to more evidence-based and hypothesis driven work. Second,
as newer versions rapidly become available, the capabilities evolve and improve, potentially outpacing
published data with respect to their effectiveness. Furthermore, the prompts used for acquiring results can
potentially affect the accuracy of the results, which in our case were very basic and simple.

Conclusions

The development and implementation of GPT-4V is an advancement in "generic intelligence" achieved by
extending LLMs into the multimodal domain. Carefully designed test samples demonstrate GPT-4V's ability
to fluidly process and reason about interwoven multimodal inputs across diverse tasks and domains. Unique
skills like comprehending visual markers drawn on images also enable novel interaction methods with GPT-
4V, including visual referring expressions. While future growth in capabilities is imminent, responsible
deployment will remain critical. Maintaining reliability, accuracy, and fairness across demographics must be
priorities as these systems would be accessing sensitive patient data. With care, LMMs may someday amplify
radiologists’ skills, increase efficiency, and improve patient outcomes. The path forward should focus on
forging partnerships between physicians, researchers, and technology leaders.
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