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Real-world use of a deep convolutional neural
network to assist in the diagnosis of
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INTRODUCTION
Early diagnosis of pyoderma gangrenosum (PG)

can be challenging. A delayed or inaccurate diag-
nosis can lead to significant morbidity. PG can be
misdiagnosed as cellulitis, ecthyma, or other infec-
tious disease processes, leading to unnecessary
debridement or other surgeries that can significantly
worsen PG. There has been an abundance of
research using artificial intelligence-powered ma-
chine learning and deep learning to create models to
assist in dermatologic diagnosis. However, these
tools often remain embedded in research institutions
with limited use in real-world settings.1 A machine
learning algorithm to aid in distinguishing PG from
venous ulcers based on clinical images alone was
recently developed, ultimately reaching a sensitivity
of 97%.2
CASE REPORT
A 70-year-old woman presented to our clinic with

a 2-month history of a painful violaceous ulcer on her
right leg (Fig 1). She presented a history of CREST
syndrome, atrial fibrillation, and esophageal dyski-
nesia. She reported no inciting trauma and relatively
gradual spread of the wound over several weeks. She
reported to an outside hospital, was diagnosed with a
necrotizing infection and underwent surgical
debridement, complicated by postoperative infection
that led to sepsis and an extended inpatient hospital
stay. On physical examination, there were 2 discrete
necrotic appearing plaques with notable thick black
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eschars and the absence of undermined borders,
although a violaceous color at the edge of a portion of
the wound was present. Initial differentials included
PG, calciphylaxis, vasculitis, or an arterial ulcer.

Two 4-mm punch biopsies were performed, both
at the plaque’s edge. They reported findings compat-
ible with reactive changes adjacent to an ulcer but
were not specific as to the cause. The subcutaneous
fat was not available for evaluation of calciphylaxis.
There was no evidence of vasculitis. Extensive
laboratory work-up was significant for elevated
antinuclear antibody (1:640) and anticentromere
antibodies. A prednisone taper starting at 60 mg
daily was initiated with a presumptive diagnosis of
PG, despite some atypical findings. Over the next
3 months, she experienced modest improvement on
low dose of prednisone (10 mg), low dose of
cyclosporine (2 mg/kg), and other adjunctive thera-
pies, such as topical metronidazole cream, collage-
nase ointment, and gentamycin cream. Given this
improvement, a diagnosis of PG was strongly
favored. Infliximab was added to the above regimen
but was discontinued owing to side effects, specif-
ically morbilliform rash and headaches.

To add further support for this diagnosis, photo-
graphs of the patient’s initial ulcer were analyzed by
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Fig 1. Application of the machine learning algorithm to photo taken at time of initial
presentation to dermatology clinic. CAM PG, PG class activation map; GradCAM PG, gradient-
weighted PG CAM; UC, ulcus cruris (ie, conventional leg ulcer).
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a recently developed deep convolutional neural
network trained to distinguish PG from venous
ulcers. After the internal rescaling to 300 3 300
pixels, the image was run through the model. The
neural network reported the probability for a PG
within\1 second, together with the class activation
map (ie, the regions of the images that matter most
for the diagnosis), and the most similar images from
the training data set. Her photograph reported a PG
probability of[99% (Fig 1). A countercase of a basal
cell carcinoma originally misdiagnosed as PG was
included to test the ability of the algorithm to exclude
PG when appropriate. Photographs of this case’s
initial presentation reported a low-PG probability of
4.7 and 17.9, supporting the competence of the
algorithm to make this distinction. Accordingly, our
patient’s cyclosporine was increased to 4 mg/kg, and
the patient began to show improvement. Six months
after the initial diagnosis, she continued to improve
on 5 mg of prednisone every other day and 3 mg/kg
of cyclosporine. At 6 months, the ulcerated plaque
had decreased in size, no necrotic tissue was
observed, and portions of the ulcer had reepithelial-
ized (Fig 2).

DISCUSSION
Despite recent revisions and improvements in

diagnostic criteria, a definitive diagnosis of PG
remains challenging and is a diagnosis of exclusion.3

In this case, and in similar cases with lack of obvious
underlying condition, and lack of characteristic
appearance or clinical history, the diagnosis is
particularly difficult. Applying available diagnostic
PG criteria to this case was unhelpful. On presenta-
tion to our dermatology clinic, this case initially met
zero major and zero minor diagnostic criteria pro-
posed by Haag et al.3 It failed to meet the criteria
established by Delphi consensus and scored 3 points
out of the 10 needed to meet the high likelihood of
PG criteria using the PARACELSUS method.3

AI-powered machine learning models used in
dermatologic diagnosis are becoming increasingly
common.4 Although the majority of these models
are used in categorization of melanocytic lesions,



Fig 2. Recent photograph demonstrating decrease in size,
resolution of necrotic tissue, and reepithelialization of
portions of the wound.
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models assisting in the diagnosis of inflammatory skin
disease, such as palmoplantar psoriasis,5 atopic
dermatitis,6 rosacea,7 and infectious diseases, such
as onychomycosis, have also been developed.8 Apart
from clinical photographs, models analyzing derma-
toscopic photos, dermatopathology images, and
confocal microscopy images have also been created.9

A deep convolutional neural network capable of
analyzing wound photographs to facilitate PG diag-
nosis was recently developed, based on a data set
that comprised 491 photographs of PG and conven-
tional leg ulcers, primarily chronic venous ulcers. It
outperformed dermatologists viewing photographs,
with a significantly higher sensitivity to diagnosing
PG (sensitivity 97% vs 72.7%).2 In our case, this
model improved diagnostic confidence and allowed
for more aggressive and successful therapy.

This case highlights the potential global effect that
accurate and efficient machine learning algorithms
may have on heavily visual fields, such as derma-
tology. A potential pitfall in this case in particular, and
in dermatology-focused machine learning applica-
tions in general, is the lack of diversity in clinical
image repositories used to train algorithms. In
addition, restricting the differential diagnosis to
venous ulcers or PG is indeed a major limitation of
this algorithm. However, Birkner et al2 are working
on further algorithm development and revisions to
include more diagnostic options and provide public
availability thereafter.With a highmatching of PG and
probability exceeding 99%, the present case shows
potential for the use of this and similar algorithms in
clinical practice in the future.With increasing diversity
in datasets, similar machine learning algorithms will
become increasingly generalizable and can easily be
applied to broad populations worldwide. Because
artificial intelligence-powered machine learning
models continue to proliferate, it is important that
they are tested and used in real-world cases.
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