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Abstract

Acute pulmonary edema is a rare but severe complication of hyperbaric oxygen therapy. While patients with
known cardiovascular problems may be able to withstand this therapy, rapid decompensation can still occur.
Here, we present a case of a patient with known low ejection fraction and severe mitral regurgitation who
developed acute pulmonary edema during the first hyperbaric treatment for a foot ulcer. This case highlights
the importance of identifying patients that are high risk, such as those with moderate-to-severe cardiac
disease, and pursuing other treatment options to avoid this complication.
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Introduction

Hyperbaric oxygen therapy (HBOT) is a medical treatment in which a patient is placed inside a chamber and
breathes 100% oxygen at higher than normal atmospheric pressure. This increases the amount of oxygen
dissolved in the blood, which can provide beneficial effects for conditions ranging from blood-gas toxicities
to tissue injuries. Common indications for HBOT include carbon monoxide poisoning, decompression
sickness, and wounds that are not healing well due to poor circulation [1]. However, despite certain benefits
of HBOT, there are inherent risks that can affect multiple organ systems, such as the cardiovascular,
peripheral and central nervous, and respiratory systems [2]. Here, we present a case report where a patient
developed an uncommon complication of acute pulmonary edema (APE) after an HBOT treatment for a
diabetic foot wound.

Case Presentation

The patient is a 54-year-old female with a past medical and surgical history that is significant for breast
cancer and underwent lumpectomy with radiation, diabetes mellitus, Addison’s disease, heart failure with
reduced ejection fraction (EF), long-standing tobacco abuse, and vascular disease and underwent multiple
intravascular stents and bypasses. She had a large 3.5 x 5.5-centimeter non-healing ulcer on the dorsum of
her right foot due to her ongoing diabetes and arterial insufficiency. This ulcer was not healing despite a
recent stent and bypass vascular surgery months prior. Hyperbaric oxygen was discussed with the patient as
a potential therapy to salvage the extremity prior to amputation, and she wanted to proceed with this
treatment. Before treatment, echocardiograms showed an EF of 30-35% (normal 50-75%) with severe mitral
regurgitation. The plan was for the patient to receive a 90-minute session at 2.4 atmospheric pressure within
a monoplace chamber. She went into the chamber stable, but during the treatment, she became tachycardic,
tachypneic, and reported back pain. The session was terminated early, her pulse oxygen read 75%, and the
patient was transferred to the emergency department. The physical exam revealed rales, and a chest x-ray
revealed pulmonary edema, displayed in Figure /. Brain natriuretic peptide (BNP) was elevated at 1,420
pg/mL (normal <100-200 pg/mL), and she had an accompanying lactic acidosis. An echocardiogram revealed
an EF of 20-25%. She was placed on bilevel positive airway pressure and underwent diuresis multiple times
with improved tachypnea and decreased pulmonary edema on a follow-up chest x-ray shown in Figure 2.
Her acidosis resolved, and she was soon discharged in stable condition but continued to need supplemental
oxygen after this event.
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FIGURE 1: Chest x-ray immediately after hyperbaric oxygen session
demonstrating acute pulmonary edema with prominence in the left lung
(arrow)
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FIGURE 2: Follow-up chest x-ray demonstrating interval improvement of
pulmonary edema, especially in the left lung (arrow), after multiple
sessions of diuresis

Discussion

Case reports of APE have been documented in patients with both diabetes and heart conditions after HBOT
[3-6]. Additionally, APE has been seen in severe carbon monoxide poisoning cases after HBOT [7,8]. With the
past incidence of APE after HBOT proposed to be around 1/1,000, it is imperative to identify patients that
may present as high-risk for this potentially fatal complication [9]. Current literature in healthy patients
shows HBOT does not adversely affect cardiac output [2,10]. In cases where patients had pre-existing
cardiomyopathy with low EFs that developed APE, a proposed mechanism has been a differential ventricular
response to HBOT where the right ventricle’s contractility is preserved while the left’s contractility is
lessened, therefore causing a back-up of fluid to the lung [9]; in addition, increased systemic vascular
resistance has been documented from HBOT [9,11]. More recently, however, HBOT has been shown to be
tolerated in patients with low EFs at baseline [12]. The disagreements in the literature require this
complication to be more closely studied to ascertain an exact cause. For our patient, we postulate HBOT may
have contributed to cardiac decompensation, evidenced by a lower EF from post-therapy echo and an
elevated BNP after treatment. Additionally, with her severe mitral regurgitation, this back-up of fluid,
caused either or simultaneously by higher systemic vascular resistance and lower left ventricular
contractility, would have only been exacerbated; tachycardia and tachypnea, symptoms often resultant of
mitral regurgitation, could have played a role in this complication as well.

Chat Generative Pre-trained Transformer (ChatGPT)

This case report was written with the assistance of ChatGPT, January 9th version 2023. ChatGPT is a
language model that uses deep learning to generate human-like text. It is trained on a large text dataset,
such as books, articles, and websites. The model learns patterns and relationships in the data, which it can
then use to generate new text similar to the training data. Currently, it is freely available through OpenAlI's
website at https://openai.com/. We found ChatGPT helped provide a relevant general introductory summary,
and this information was fact-checked and confirmed with the existing citing literature on our end; Figure

3 shows how we worded our query to obtain this background. It also proved helpful in proofreading and
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adjusting wording as well. However, when it came to the discussion part of the paper, its limitations from
being unable to access relevant literature and knowledge cut-off up to 2021 were apparent. When asked to
cite its information, it provided non-existent citations, as displayed in Figure 4. We concluded that ChatGPT
is a valuable tool to help augment and quicken the act of manuscript writing; however, it is limited in its
ability to critically discuss results and literature with its current version. This tool does not replace
independent literature reviews and appraisals needed for scientific research.

Provide a brief overview of what hyperbaric oxygen therapy is and common indications. This (&
is for my case report paper.

o

Hyperbaric oxygen therapy (HBOT) is a medical treatment in which a patient is placed inside @

a chamber and breathed 100% oxygen at a pressure higher than normal atmospheric
pressure. This increases the amount of oxygen dissolved in the blood and can promote
healing in certain conditions. Common indications for HBOT include carbon monoxide
poisoning, decompression sickness, and certain types of wounds that are not healing well
due to poor circulation. It is also used to treat a condition called "necrotizing fasciitis"
(commonly known as “flesh-eating bacteria®), and to promote healing of skin grafts and
flaps. Additionally, it is used to treat radiation tissue damage and osteomyelitis (chronic
bone infection), as well as for some other conditions like chronic refractory osteomyelitis,

crush injury and traumatic brain injury.

FIGURE 3: ChatGPT query to obtain introductory summary

Unfortunately, as | am a machine learning model, | do not have access to the current studies,
also my knowledge cut off is , so the studies | can cite are limited to that date. However,
| can suggest some s that have been done on the topic of pulmonary edema as a

omplication of hyperbari er rapy:
complication of hyperbaric oxygen therapy

* "Hyperbaric oxygen therapy-induced pulmonary edema: a review" by J. F. Ballard and J. P.
Bove, published in the Journal of Burn Care & Research in 2008,

* "Pulmonary edema during hyperbaric oxygen therapy: a report of two cases and a review
of the literature” by P. S. B. Kao, publ d in the Undersea and Hyperbaric Medicine in
1999.

"Hyperbaric oxygen-induced lung injury: a review" by K. L. Reed and R. E. Thom,

published in the Journal of Applied Physiology in 1991.

These studies provide an overview of the current understanding of the mechanisms and
incidence of hyperbaric oxygen therapy-induced pulmonary edema, as well as the risk
factors and management strategies. | recommend consulting with a healthcare professional

for more information and for the most recent studies.

FIGURE 4: ChatGPT limitations and non-existent cited literature denoted
within the red box

Conclusions

Here we demonstrate a case of APE after HBOT in a patient with pre-existing cardiomyopathy with reduced
EF. Caution should be taken in patients with pre-existing heart conditions, especially those with reduced
EFs, to avoid this potentially fatal complication. Cardiovascular derangements during HBOT may cause APE
through decreased left ventricular contractility and increased systemic vascular resistance. With HBOT often
requiring multiple sessions over weeks to treat conditions such as wounds, alternative treatment options
should be considered in this high-risk demographic.

Additional Information
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