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Abstract

Background Vacuoles, E1 enzyme, X-linked, autoinflammatory, somatic (VEXAS) syndrome is a recently discovered
severe disorder that predominantly affects adult males, characterized by systemic inflammation and hematologic
abnormalities. Despite its profound impact on patient outcomes, awareness of VEXAS syndrome among critical care
providers remains severely limited, often leading to delayed recognition, diagnosis, and initiation of appropriate treat-
ment. This study aims to address this knowledge gap by conducting a scoping review on VEXAS syndrome in the criti-
cal care setting.

Methods This scoping review followed the PRISMA-ScR guidelines and Joanna Briggs Institute methodology, analyz-
ing data from Cochrane CENTRAL, MEDLINE via PubMed, EMBASE, and Web of Science on May 19, 2024. We included
studies that reported clinical features and treatments of patients with VEXAS syndrome requiring critical care.

Results Of the 1262 reports identified, 78 reports met the inclusion criteria, including 45 case reports/series,

17 observational studies, 15 reviews, and one systematic review. Analysis of 55 cases revealed a median age

of 69 with a strong male predominance (54/55). ICU admission rates ranged from 28 to 33%, with mortality rates
between 18 and 40%. Critical manifestations included shock, hemophagocytic lymphohistiocytosis, acute respira-
tory distress syndrome, thrombosis, and airway edema. Sepsis was the leading cause of death, followed by other
causes including VEXAS syndrome related organ failure, cardiovascular events, and intestinal perforation. Treatment
approaches combined conventional critical care measures with immunosuppressive and immunomodulatory thera-
pies, although infectious complications were frequently reported.

Conclusion This review revealed the lack of systematically analyzed studies focusing on VEXAS syndrome in the criti-
cal care setting, suggesting a significant gap in understanding the clinical characteristics and optimal treatments

for VEXAS syndrome. Further research focused on VEXAS syndrome in the critical care setting is essential to improve
early recognition, develop standardized treatment protocols, and ultimately improve patient outcomes in this com-
plex patient population.
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Introduction

Vacuoles, E1 enzyme, X-linked, autoinflammatory,
somatic (VEXAS) syndrome is a newly identified, late-
onset autoinflammatory and hematological disorder first
described by Beck et al. in 2020 [1]. VEXAS syndrome is
caused by somatic mutations in the ubiquitin-like modi-
fier activating enzyme 1 (UBA1) gene located on the X
chromosome, predominantly affecting adult males, and
characterized by a variety of clinical manifestations.
These clinical manifestations have been categorized into
two main features: systemic inflammation and those
affecting the hematologic system [1]. Clinically, VEXAS
syndrome exhibits a wide range of systemic inflamma-
tory manifestations, including fever, skin rashes, arthri-
tis, chondritis of the ear and nose, pulmonary infiltrates,
ocular inflammation, and an increased risk of venous
thromboembolism [2]. The hallmark hematologic mani-
festation of VEXAS syndrome is the presence of cyto-
plasmic vacuoles in myeloid and erythroid precursor cells
within the bone marrow, often associated with myelodys-
plastic syndromes [2].

Given the severe inflammation, organ dysfunction,
and thrombophilia, management of VEXAS syndrome is
highly challenging, as some patients develop life-threat-
ening organ failure requiring critical care and intensive
care unit (ICU) admission [3, 4]. Indeed, this syndrome
is reported with high morbidity and mortality. Initial
reports indicated that up to 40% of patients died [1], and
subsequent studies have reported mortality rates as high
as 50% [5].

Despite the critical nature of VEXAS syndrome and the
potential need for intensive care management, there is
no comprehensive summary of evidence focusing on this
disease in the critical care settings. VEXAS syndrome is
a recently identified condition with diverse and overlap-
ping clinical manifestations, often leading to misdiag-
nosis and inappropriate treatment, which can negatively
affect patient outcomes. Furthermore, limited access
to genetic testing remains a significant challenge in its
diagnosis and management. Consequently, it is crucial to
consolidate existing knowledge on the presentation and
management on this syndrome in the critical care setting.
Therefore, this study aims to address the knowledge gap
on VEXAS syndrome by conducting a scoping review
on its presentation and management in the critical care
setting, summarizing current clinical characteristics and
treatment approaches, and highlighting areas that require
further research.

Methods

Scoping review

A scoping review was conducted in accordance with a
pre-published protocol from the Protocol.io database [6]
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with reference to current review methodologies based
on the Preferred Reporting Items for Systematic Reviews
and Meta-Analysis extension for Scoping Reviews
(PRISMA-ScR) guidelines and Joanna Briggs Institute
(JBI) [7-9].

Research question and eligibility criteria

This study aims to address the following review ques-
tions. (1) What are the clinical characteristics of VEXAS
syndrome in critical care settings? and (2) What are the
current treatment approaches for VEXAS syndrome in
critical care settings? To explore the clinical character-
istics, we also reviewed cases where VEXAS syndrome
mimicked other diseases, potentially leading to misdi-
agnosis or delayed diagnosis in the critical care setting.
Furthermore, we investigated treatment approaches
including definitive treatments, supportive therapy, and
life-sustaining interventions.

Patient eligibility criteria are as follows: patients diag-
nosed with VEXAS syndrome who required or were
expected to require critical care, including those with
high severity or needing ICU admission. There were no
restrictions on patient location (e.g., general ward, ICU),
region, race, or gender. The publication date of the lit-
erature was not limited, and only English-language pub-
lications were included. We included a wide range of
study designs: experimental and quasi-experimental
(e.g., randomized and non-randomized controlled trials,
before-and-after studies, interrupted time-series analy-
ses), analytical observational (e.g., cohort, case—control,
cross-sectional), descriptive observational (e.g., case
series, case reports), qualitative research, systematic and
narrative reviews, opinion papers, and conference pro-
ceedings. Given the recent identification of VEXAS syn-
drome, we employed a broad search approach to include
studies with various publication dates and publication
statuses, ensuring the comprehensive inclusion of all rel-
evant literature on this topic.

Search strategy, selection of studies, and data extraction

We searched the Cochrane Central Register of Con-
trolled Trials (CENTRAL), MEDLINE via PubMed,
EMBASE, and Web of Science on May 19, 2024. The full
search strategy for these databases was developed using
terms and keywords appearing in the titles and abstracts
of relevant articles and the index terms used to describe
the articles (see Supplementary Table 1). After the search,
all identified citations were uploaded to Rayyan (Rayyan,
Massachusetts, USA), and duplicates were removed. Two
reviewers (KS and KO) independently screened the titles
and abstracts of the search results to determine whether
each citation met the inclusion criteria. Subsequently, eli-
gibility was evaluated through an independent full-text
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review conducted by the same reviewers. Any disagree-
ments between reviewers at each stage of the selection
process were resolved through discussion or by consult-
ing an additional reviewer (TG). When further infor-
mation was required, we contacted the authors of the
extracted studies. Data were extracted for all included
studies using a previously defined and agreed data
extraction protocol which comprised information about
the author, year of publication, study design, study pur-
pose, population, sample size, study methodology, clini-
cal information, and key findings relevant to the scoping
review questions. The content corresponding to the key
findings relevant to the scoping review questions were
determined by the same evaluating reviewers including
a board-certified critical care physician (KS) and medi-
cal staff (KO) with the Japanese Society of Intensive Care
Medicine. For example, we identified acute conditions
that resulted in death, conditions treated in the ICU,
and descriptions of clearly fatal risks. For the extraction
process, two reviewers independently identified relevant
data by marking the text within the reference documents.
One reviewer then compiled these marked data into a
final spreadsheet, which both reviewers subsequently
verified for accuracy and refined through consensus on
the final dataset.

Page 3 of 13

Data analysis and presentation

We conducted a structured analysis of the extracted data
focusing on critical care aspects of VEXAS syndrome.
Data synthesis was organized into two main categories:
(1) clinical characteristics and (2) treatment approaches.
For relevant cases, we systematically extracted patient
demographics, clinical manifestations, treatment
approaches, and outcomes. Data from observational
studies were analyzed separately, focusing on ICU admis-
sion rates and mortality. To visualize the relationships
between clinical manifestations and outcomes, we cre-
ated an UpSet plot showing the co-occurrence of major
clinical features across reported cases. Key clinical char-
acteristics and patient outcomes were summarized in a
table. Additionally, we developed clinical course charts
to illustrate the typical disease trajectories of patients
who became critically ill prior to the diagnosis of VEXAS
syndrome.

Results

Characteristics of included studies

A total of 1262 reports were identified. After removing
duplicates and conducting screening of titles, abstracts,
and full-text reviews, 78 reports met the inclusion criteria
(Fig. 1). These included 45 case reports or case series, 17

Identification of new studies via databases and registers
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2 Embase (n=469)
= Web of Science (n=455)
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°
@
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Records removed before screening:
Duplicate records removed (n=734)
Records marked as ineligible by
automation tools (n=0)

Records removed for other reasons (n=0)

M Reports not retrieved (n=9)

Records excluded (n=277):
Wrong publication type (n=3)
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Wrong language (n=3)

Fig. 1 Flow diagram of study selection. The flow diagram illustrates the literature search and study selection process. Initially, 1262 records were
identified through database searches. After removing 734 duplicates, 528 records remained for screening. Of the 355 reports assessed for eligibility,
277 were excluded due to publication type (n =3), population mismatch (n =271), or language restrictions (n =3). Finally, 78 studies were included
in the review. This flow diagram adheres to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 guidelines

for reporting systematic reviews
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analytical observational studies, 15 narrative reviews, and
1 systematic review. Of note, 10 of the 78 reports were
conference papers. Publication years ranged from 2020
to 2024. Of these studies including patients with VEXAS
syndrome, one case report explicitly focused on inten-
sive or critical care settings [3], in addition to two studies
including some ICU patient data [10, 11]. Two review-
ers initially agreed on inclusion/exclusion of 304 out of
355 reports (85.6% agreement). A third reviewer was not
required as the two reviewers reached full consensus on
all study inclusions following a detailed discussion.

Clinical manifestations leading to critical states

From the included literature, a total of 55 cases of VEXAS
syndrome relevant to critical care were identified and
extracted (Supplemental Table 5). The reported patients
were predominantly male (54/55), with a median age of
69 years (range: “late 30 s” per documented in report
up to 82). Nine patients were explicitly noted to have
received intensive care; however, this does not necessar-
ily imply that the others did not receive critical care or
treatment in the ICU. In observational studies, reported
ICU admissions proportion ranged from 28 to 33%.
Approximately two-thirds (32/55) died in individual case
reports, and the reported mortality varied across analyti-
cal observational studies, ranging from 18 to 40%, with
follow-up periods typically ranging between 30 months
and 4.4 years. Sepsis was the leading cause of death,
and other causes included organ failure, cardiovascular
events, and intestinal perforation (Table 1). While shock
and hyperinflammatory states in VEXAS syndrome can
be severe and often require critical care, five cases with
shock were reported. Of these, three had septic shock,
one had anaphylactic shock, and one was reported as
distributive shock. Additionally, one case involved over-
lapping septic and cardiogenic shock. Furthermore, four
patients developed hemophagocytic lymphohistiocytosis
(HLH), likely driven by dysregulated macrophage acti-
vation [12]. Excessive inflammation was also associated
with acute tubulointerstitial nephritis, encephalitis [13—
15], and intestinal perforation in three cases, two linked
to tocilizumab [5, 16]. Figure 2 illustrates the distribution
of major clinical manifestations across each reported case
report (n =55). Infections were frequently observed and
commonly coexisted with death. However, the figure also
showed that various other critical conditions co-occurred
with death.

In four of the reports, VEXAS syndrome was initially
misclassified as other severe conditions in critical care
settings. Patients were initially diagnosed with adult-
onset Still’s disease or HLH [5, 17, 18]. Another case pre-
senting with distributive shock was first treated as septic
shock until VEXAS syndrome was later confirmed [19].
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The main clinical features of VEXAS syndrome, which
are not limited to the critical care setting, included lung
involvement, thrombosis, and chondritis [20]. This
review found that these clinical features lead to critical
states in patients with VEXAS syndrome. The details on
each clinical feature leading to critical conditions are dis-
cussed below.

Lung involvement

Severe lung complications other than lung infection were
reported in 5 of 55 cases. These included two cases of
acute respiratory distress syndrome (ARDS), one case
of interstitial pneumonia, one case of diffuse alveolar
hemorrhage, and one case of unspecified pulmonary
complications.

Thrombosis

Significant thrombosis was reported in three cases: cer-
ebral sinus vein thrombosis in two cases and bilateral
pulmonary embolism in one case. While venous throm-
boembolism was commonly reported in VEXAS syn-
drome in previous studies [21], direct life-threatening
cases of pulmonary embolism requiring shock treatment
or mechanical circulatory or respiratory support were
not detected in our review.

Chondritis

Some cases reported polychondritis affecting the airway.
Three cases of upper airway edema associated with chon-
dritis were reported, of which one included prominent
supraglottic larynx edema, and two other cases of retro-
cricoarytenoid edema associated with cardiac arrest and
subglottic edema.

These three clinical features including lung involve-
ment, thrombosis, and chondritis may represent key
indicators of VEXAS syndrome which could aid in the
diagnosis of this underrecognized condition.

The diagnostic trajectory of severe VEXAS syndrome

We identified cases that progressed to a critical state
prior to the diagnosis of VEXAS syndrome [3, 4, 13, 14,
17, 19, 22—-39] and characterized the disease course from
onset to the development of severe manifestations and
eventual diagnosis. By exploring disease trajectories, this
review equips readers with the knowledge to effectively
diagnose VEXAS syndrome.

The identified trajectory is as follows: prior to defini-
tive diagnosis, patients presented with a constellation of
systemic manifestations, including persistent fever, weight
loss, malaise, arthralgia, dyspnea, and cutaneous rashes,
which are typical manifestations of VEXAS syndrome and
often accompanied by concurrent inflammatory condi-
tions such as chondritis, ophthalmitis, and thrombotic
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Fig. 2 UpSet plot illustrating the frequency and overlap of symptoms among 55 cases of VEXAS syndrome in the critical care setting. The horizontal
green bars on the left (Set Size) indicate the number of patients who experienced each individual complication. The vertical blue bars at the top
(Intersection Size) represent the number of patients with the specific combination of complications, as shown by the connected black dots

in the matrix below. Each row in the matrix corresponds to a particular complication, and black dots connected by lines denote co-occurring
complications in a subset of patients. The numerical values above each vertical bar indicate the size of these subsets. This figure highlights patterns
of co-occurring complications—such as infection, thromboembolism, and lung disease—in critically ill patients with VEXAS syndrome. HLH
Hemophagocytic lymphohistiocytosis, VEXAS Vacuoles, ET enzyme, X-linked, Autoinflammatory, Somatic mutations

events. Laboratory studies revealed abnormalities: most
notably, persistent elevation of inflammatory markers
(C-reactive protein and erythrocyte sedimentation rate)
accompanied by cytopenias ranging from isolated ane-
mia to pancytopenia. Hyperferritinemia and hypergam-
maglobulinemia were also common, as were elevated
cytokine profiles, particularly interleukin- 6. Radiologic
findings showed pulmonary involvement in many cases.
During the pre-diagnostic period, patients were often
misclassified as rheumatic or autoinflammatory dis-
eases, leading to the initiation of immunosuppressive or
immunomodulatory therapy. While these therapeutic
approaches occasionally contributed to symptom relief,
they often led to severe complications, such as sepsis. The
progression to critical states was marked by several life-
threatening complications including upper airway inflam-
mation leading to airway edema, acute kidney injury
progressing to renal failure, HLH, diffuse alveolar hemor-
rhage, and shock. Figure 3 illustrates two cases in which
undiagnosed VEXAS syndrome progressed to a critical
state.

Treatments and interventions in critical settings

Due to limited data on VEXAS syndrome in critical care
settings, data on treatment approaches were primar-
ily derived from case reports. Conventional supportive
management was typically described, including antibiotic
therapy and source control for infections [4, 5, 31, 40],
mechanical ventilation for respiratory failure or altered
consciousness [3, 14, 41], anticoagulation for thrombosis
[41, 42], hemodialysis for renal dysfunction [13, 15], fluid
resuscitation and vasopressor for shock [4, 19], and tar-
geted temperature management following cardiac arrest
[3].

When complicated by HLH, treatments typically
included corticosteroids, immunosuppressants (anak-
inra, rituximab, ruxolitinib, sirolimus, siltuximab, cyclo-
sporine), and chemotherapy (etoposide; CHOP regimen:
cyclophosphamide, hydroxydaunorubicin, oncovin, pred-
nisone) [12, 26, 34, 35]. Intravenous immunoglobulin and
plasma exchange were also utilized [35]. Consequently,
two of the four patients of HLH died.
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Fig. 3 Clinical course charts of two model cases illustrating the trajectory from pre-diagnostic onset to critical care in VEXAS syndrome. Timelines
were reconstructed from published case reports, highlighting systemic manifestations, diagnostic delay, and critical complications that ultimately
led to definitive diagnosis. VEXAS Vacuoles, E1 enzyme, X-linked, Autoinflammatory, Somatic mutations, CRP C-reactive protein, ICU Intensive Care
Unit, ED Emergency Department, UBAT Ubiquitin-like modifier activating enzyme 1, AOSD Adult-onset Still's disease

Immunosuppressive and immunomodulatory treat-
ments were also reported to address the marked inflam-
matory state of VEXAS syndrome. Corticosteroids were
used for upper airway edema [22], cerebral sinus vein
thrombosis [41], acute tubulointerstitial nephritis [13],
alveolar hemorrhage[36], and distributive shock [19]. In
certain cases, additional agents were combined with cor-
ticosteroids: azathioprine for encephalitis [14], anakinra
for ARDS [17], and cyclosporine A, plasmapheresis, or
tocilizumab for hyperinflammatory multi-organ failure
[27].

Discussion

To the best of our knowledge, this is the first scoping
review to systematically analyze VEXAS syndrome in
the critical care setting, providing insights on clinical
characteristics and optimal treatment approaches on
this recently identified syndrome. Although data on the
clinical features and treatment approaches for VEXAS
syndrome in the critical care setting were limited, our
scoping review found that sepsis was a relatively common

complication of VEXAS syndrome, and various types of
shock, HLH, respiratory failure, thrombosis, and upper
airway edema were also reported. Further, it is impor-
tant to recognize that VEXAS syndrome can mimic sep-
sis and adult-onset Still's disease. Moreover, both the
ICU admission rate (approximately 30%) and the mor-
tality rate (ranging from 18 to 40%) were relatively high.
In addition to standard critical care management, treat-
ment approaches included immunosuppressive therapy
and immunomodulatory therapy for symptoms caused by
inflammation and exacerbation of VEXAS syndrome.
Our results highlight that a major challenge in under-
standing VEXAS syndrome in critically ill patients is the
limited availability of comprehensive data. VEXAS syn-
drome is increasingly recognized as an important disease
across multiple medical specialties, including hematol-
ogy, rheumatology, ophthalmology, and dermatology.
This syndrome is estimated to affect 1 in 4269 men over
the age of 50 [1, 43] and may be more prevalent than cur-
rently expected. However, early recognition of VEXAS
syndrome as an underlying disease in sepsis, shock, or
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respiratory failure remains difficult due to the limited
awareness of VEXAS syndrome in the critical care field.
Indeed, some cases of VEXAS syndrome included in
this study were initially treated as sepsis or adult-onset
Still's disease. Furthermore, it is likely that many cases
of VEXAS syndrome remain undiagnosed and, conse-
quently, unreported. In this context, our scoping review
of VEXAS syndrome provides a potential diagnostic
clue: patients presenting with unclear inflammatory syn-
dromes—such as fever, weight loss, skin or lung involve-
ment, chondritis, and thrombosis—may, over time,
progress to severe inflammatory organ failure or sepsis
under immunosuppression due to VEXAS syndrome,
ultimately requiring critical care.

In the critical care setting, we found that manag-
ing VEXAS syndrome often requires not only standard
critical care measures but also immunosuppressive and
immunomodulatory therapy to control the inflammatory
symptoms. However, our study revealed a lack of inves-
tigation into the specific immunosuppressive and immu-
nomodulatory therapy regimens appropriate for different
circumstances in the critical care setting. Moreover, our
study suggests that sepsis is a common complication in
patients with VEXAS syndrome undergoing immuno-
suppression or immunomodulation, posing a crucial
challenge in patient care. Although immunomodulatory
therapies have not traditionally been implemented in
critical care, the coronavirus disease 2019 (COVID- 19)
pandemic has increased awareness of targeted treat-
ments, underscoring the need for critical care physicians
to take an active role in this area [44]. Close collaboration
with hematologists, rheumatologists, and other special-
ists is essential to optimize the management of VEXAS
syndrome[45]. Furthermore, critical care physicians play
a vital role as vigilant observers in identifying potential
VEXAS syndrome cases among critically ill patients. As
providers of life-sustaining interventions, critical care
physicians collaborate with other specialists to manage
complications of immunosuppressive therapy, ensuring
comprehensive care for these complex cases.

The main limitation of this study is the insufficient data
and publications on VEXAS syndrome in critical care set-
tings, largely due to underdiagnosis and publication bias.
As a result, case reports served as the leading source of
information for this review. Additionally, due to resource
constraints, including challenges in reliable transla-
tion, we limited our review to English-language publica-
tions, which may have introduced selection bias. Given
the limited available literature, this review may not fully
capture the spectrum of VEXAS syndrome presentation
and management in critical care. Furthermore, our nar-
rowly defined search terms, limited to confirmed VEXAS
syndrome cases, may have overlooked misdiagnosed or
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unreported cases, potentially underestimating the true
incidence and clinical diversity. Moreover, the subjec-
tive determination of report eligibility due to unclear
severity criteria, may have introduced selection bias.
While our study highlights the diverse clinical manifesta-
tions of VEXAS syndrome in critically ill patients, there
remains a lack of systematic data to guide early recogni-
tion and management. Our findings underscore the need
for future investigation in these unexplored areas. Spe-
cifically, a multicenter international retrospective or pro-
spective cohort study or registry on VEXAS syndrome in
the critical care setting would provide valuable insights
into precise ICU admission rate and associated complica-
tions, as well as the efficacy and safety of optimal treat-
ment. Such studies are essential for identifying the risk
factors of critical illness in VEXAS syndrome and may
ultimately contribute to the development of standardized
treatment guidelines to improve patients outcomes.

Conclusion

VEXAS syndrome presents with diverse clinical mani-
festations in the critical care setting and can lead to
severe complications such as sepsis, shock, HLH, res-
piratory failure, and thrombosis. It is imperative for
critical care providers to recognize and differentiate
VEXAS syndrome from other diseases to ensure opti-
mal treatment including conventional critical care
management as well as immunosuppressive and immu-
nomodulatory therapies. Our findings should facilitate
further research and clinical attention to VEXAS syn-
drome in the critical care setting.
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