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Abstract

Pulmonary complications after electrical injury are uncommon and are most often interpreted as parenchymal forms of lung damage,
including non-cardiogenic pulmonary edema, diffuse alveolar hemorrhage, or focal thermal injury. However, recent case-based observations
suggest that this may not be the only pattern. In some patients, severe hypoxemia and pulmonary hypertension appear to be greater than
expected from the extent of radiographic abnormalities. In a recently published case of high-voltage electrocution, profound refractory
hypoxemia (PaO./FiO, 68), markedly elevated pulmonary artery pressures (68/39 mmHg), preserved right ventricular function, and only mild
posterior ground-glass opacities on CT pulmonary angiography raised the possibility of a vascular-dominant form of acute lung injury. In that
setting, physiological severity was difficult to explain by alveolar flooding alone.

This commentary proposes a clinical and pathophysiological framework for understanding this pulmonary vascular phenotype after
electrical trauma. Electrical current may contribute to lung injury through several converging mechanisms, including electroporation-related
membrane disruption, thermal microvascular damage, endothelial barrier dysfunction, maladaptive pulmonary vasoconstriction, impaired
hypoxic vasoregulation, and microthrombotic perfusion defects that may remain below the resolution of routine CT imaging. Recognizing this
pattern could be clinically relevant. It may help clinicians avoid anchoring on incidental distal subsegmental pulmonary embolism, encourage
early echocardiographic and hemodynamic assessment, support carefully monitored trials of inhaled pulmonary vasodilators as physiologic
probes, and prompt timely referral for extracorporeal support when hypoxemia remains refractory despite optimized conventional care.
Future studies should clarify how often this phenotype occurs, identify biomarkers of endothelial and microvascular injury, and determine
which patients may benefit from vascular-targeted supportive strategies.
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interpretations continue to rely primarily on an alveolar or
parenchymal model.

Introduction

Electrical injuries, particularly high-voltage exposures, are

relatively infrequent but can lead to severe multisystem
morbidity and death. Although cardiovascular and
musculoskeletal complications tend to receive most attention,
pulmonary involvement is increasingly recognized and may
be underdiagnosed. Reported pulmonary manifestations
include non-cardiogenic pulmonary edema, diffuse alveolar
hemorrhage, focal parenchymal “burn” injury, and refractory
hypoxemia with limited imaging abnormalities [1-7]. Despite
these observations, a unifying explanation for the spectrum
of pulmonary injury remains uncertain, and most clinical

Our recently published case illustrated a different possibility:
severe refractory hypoxemia with marked pulmonary
hypertension and preserved right ventricular function, despite
only mild posterior ground-glass changes on CT [1]. A similar
mismatch between gas-exchangeimpairmentand the extent of
parenchymal abnormalities has been described in other reports
of pulmonary electrical injury, supporting the possibility of an
underlying vascular or endothelial mechanism [2-4]. Building
on these observations, this commentary proposes a clinical
and mechanistic framework for recognizing a pulmonary
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vascular phenotype of acute lung injury after electrical trauma,
integrating available case-based evidence with established
concepts of electroporation, pulmonary vasoregulation,
endothelial injury, and microvascular thrombosis.

Mechanistic Framework: Why Electrical Injury Can
Be Vascular-Dominant

Electroporation and endothelial barrier dysfunction

Electroporation, also known as electropermeabilization,
describes an increase in cell membrane permeability after
exposure to high-voltage, short-duration electric fields [8]. At
lowerintensities, this process may be reversible, however, when
the exposure is intense, prolonged, or unevenly distributed
across tissues, it can become injurious. This mechanism is
particularly relevant for the pulmonary microvasculature,
because experimental and translational studies have shown
that electroporation can disrupt the endothelial cytoskeleton,
alter monolayer integrity, and increase vascular permeability
[9,101. In vivo observations also suggest that electroporation
may produce acute vascular constriction followed by
increased permeability through disruption of endothelial cell-
to-cell junctions [10]. Taken together, these effects provide a
plausible biological basis for an endotheliopathy-first pattern
of pulmonary injury after electrocution.

Acute pulmonary vasoconstriction and loss of adaptive
hypoxic vasoregulation

Hypoxic pulmonary vasoconstriction (HPV) is a central
adaptive mechanism in pulmonary physiology. By diverting
blood flow away from poorly ventilated lung units, HPV
helps preserve ventilation—-perfusion matching. When this

response is disrupted, shunt physiology may be amplified and
hypoxemia may worsen, even if the alveolar architecture is
relatively preserved [11-13]. After electrical injury, endothelial
damage could contribute to maladaptive vasoconstriction
in well-ventilated regions, loss of targeted HPV responses, or
both. The resulting effect would be a more global pattern of
V/Q maldistribution and functional shunt. This mechanism
is consistent with reports in which severe hypoxemia occurs
despite limited consolidative changes on imaging [1-4].

Microthrombosis and perfusion defects

Endothelial  injury also creates a procoagulant
microenvironment. In Acute Respiratory Distress Syndrome
(ARDS), endotheliopathy is increasingly recognized as
a central pathobiological pathway, and microvascular
thrombosis can contribute to dead-space ventilation and
V/Q mismatch [14,15]. In addition, ARDS is now understood
as a heterogeneous syndrome that includes biologically and
clinically distinct subphenotypes with different inflammatory
and vascular profiles [16]. This supports the possibility that
vascular-dominant forms of lung injury may occur across
different etiologies. In electrical trauma, a similar mechanism
is biologically plausible: microthrombotic perfusion defects
below the spatial resolution of routine CT imaging could
worsen oxygenation and increase pulmonary vascular
pressures without producing a visible large-vessel thrombus
burden. This hypothesis is consistent with the hemodynamic
profile observed in our case, where marked pulmonary
hypertension, high/normal cardiac index, and only mildly
elevated calculated pulmonary vascular resistance suggested
a predominantly distributive or vasoregulatory disturbance
with microvascular involvement, rather than a single
obstructive lesion [1].
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Figure 1. Mechanisms of pulmonary vascular injury after electrical trauma. Created with BioRender.com.
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Figure 1 illustrates a proposed vascular-dominant pathway
of acute lung injury after electrical trauma. Electrical current
may trigger cell membrane electroporation and endothelial
injury, with subsequent impairment of barrier function,
maladaptive pulmonary vasoconstriction, microthrombotic
perfusion defects, ventilation-perfusion mismatch, and severe
refractory hypoxemia. The model is based on experimental
and translational evidence on electroporation and endothelial
permeability [8-10], pulmonary hypoxic vasoregulation [11-
13], and endothelial/microvascular dysfunction in ARDS [14-
16].

The Pulmonary Vascular Phenotype: Clinical and
Hemodynamic Signature

A vascular-dominant pattern after electrical trauma may
be suspected when several clinical and hemodynamic clues
converge. This cluster should be understood as a proposed
bedside framework, not as a validated diagnostic classification.
It is derived from the index case, related reports of pulmonary
electrical injury, and broader concepts of vascular and
endothelial dysfunction in ARDS [1-7,14-16].

Severe hypoxemia disproportionate to imaging

CT may show only mild ground-glass opacities or limited
dependent changes, while gas exchange deteriorates to the
range of severe ARDS, with PaO,/FiO, <100 [1,5-7,14].

Early or disproportionate pulmonary hypertension

Marked elevation of pulmonary artery pressures may
occur with preserved or only mildly impaired right
ventricular function. This pattern suggests acute pulmonary
vasoregulatory failure rather than progressive parenchymal
flooding alone [1].

Minimal evidence of cardiogenic pulmonary edema

Echocardiography may show preserved left ventricular
systolic function. When available, invasive hemodynamic

assessment can help interpret filling pressures, including
wedge pressure, although these values should be considered
cautiously in critical illness and under conditions of high
intrathoracic pressure [1].

Coexisting triggers that may complicate attribution

Post-cardiac arrest syndrome may contribute to acute lung
injury and systemic inflammation, making causality difficult to
establish in individual cases [17,18]. In this setting, electrical
injury may act as the primary driver, an amplifier, or one
component of a multifactorial lung injury process.

Table 1 summarizes a practical bedside comparison between
typical alveolar-dominant ARDS and the proposed vascular-
dominant phenotype after electrical trauma. This comparison
is intended as a conceptual framework rather than a validated
diagnostic classification. The synthesis is based on case-
based reports of pulmonary injury after electrical trauma
[1-7], established principles of pulmonary vasoregulation
[11-13], endothelial and microvascular mechanisms in ARDS
[14-16], current supportive-care literature for ARDS [23-27],
and guidance on extracorporeal support [29,33]. The table
is intended as an interpretive clinical framework, not as a
validated diagnostic classification.

Diagnostic Pitfalls: The Subsegmental PE Problem

CT pulmonary angiography may identify very distal
subsegmental pulmonary embolism (SSPE) in critically ill
patients. When found in isolation, SSPE often has limited
hemodynamic relevance, and current guidelines and expert
reviews recommend interpreting it in clinical context,
including symptoms, DVT status, recurrence risk, and
bleeding risk. In carefully selected low-risk patients, structured
surveillance may also be a reasonable alternative toimmediate
anticoagulation [19-22].

In the proposed electrical vascular phenotype, the main
diagnostic pitfallisanchoring: attributing profound hypoxemia

Table 1. Bedside contrast between alveolar-dominant ARDS and the proposed vascular-dominant electrical phenotype.

Feature Alveolar-dominant ARDS (typical) Vascular-dominant electrical phenotype (proposed)
Imaging Diffuse bilateral opacities/consolidations  Mild/limited ground-glass, imaging underestimates severity
Compliance Often reduced May be relatively preserved early

Primary physiologic problem  Alveolar flooding, low V/Q

Pulmonary pressures Variable, RV strain possible

Response to PEEP Often improves oxygenation
Key diagnostic tools CT/CXR + ARDS criteria

Adjunctive therapies Prone positioning, consider ECMO

V/Q maldistribution from vasoregulation failure, functional
shunt

Pulmonary hypertension may be prominent early
Variable, may be limited if perfusion mismatch dominates
Add early echo + pulmonary artery catheterization

Consider inhaled vasodilator trial as physiologic probe, early
ECMO triage
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to an incidental distal SSPE despite preserved right ventricular
function and limited parenchymal abnormalities. Our case
illustrates why a physiology-first interpretation is important.
When severe hypoxemia and pulmonary hypertension coexist
with a modest imaging burden, clinicians should consider
diffuse pulmonary microvascular dysfunction rather than
assuming that a single distal clot explains the full clinical
picture [1].

Therapeutic Implications: Treating Physiology When
Imaging Lags

Conventional ARDS measures remain foundational

Regardless of the suspected phenotype, conventional ARDS
management remains the starting point. Lung-protective
ventilation, using approximately 6 mL/kg of predicted body
weight and avoiding injurious airway pressures, remains a core
standard of care [23]. In patients with severe hypoxemia, prone
positioning should also be considered early, contemporary
ARDS guidelines support this strategy, and the PROSEVA
trial showed a mortality benefit with early, prolonged prone
sessions in severe ARDS [24,25].

Inhaled pulmonary vasodilators as a diagnostic-
therapeutic probe

Inhaled pulmonary vasodilators can transiently improve
oxygenation in ARDS by redirecting pulmonary blood flow
toward better ventilated lung regions, thereby improving
ventilation—perfusion matching. However, this physiologic
response has not consistently translated into improved
survival or other patient-centered outcomes, and inhaled
nitric oxide has been associated with potential adverse effects.
For that reason, these agents should be viewed as rescue or
bridging interventions in selected patients, rather than as
disease-modifying therapy. In the vascular-dominant pattern
after electrical injury, where pulmonary vasoconstriction and
V/Q maldistribution may play a central role, a time-limited
trial of inhaled nitric oxide or inhaled prostacyclin could be
considered as a bedside physiologic probe. Any response
should be assessed objectively, using changes in PaO,/
FiO,, pulmonary pressures when available, and dead-space
surrogates. This framing keeps the proposal clinically useful
while avoiding an unsupported claim of therapeutic efficacy
[26-28].

Early ECMO triage when refractory hypoxemia persists

When severe hypoxemia persists despite optimized
conventional management, early referral to a center with
extracorporeal capability should be considered. In practice,
this scenario is often framed around persistent PaO,/FiO, <80-
100 despite high FiO, and appropriate adjunctive measures.

The (Extracorporeal Life Support Organization) ELSO guideline
on (Venovenous Extracorporeal Membrane Oxygenation)
VV-ECMO for adult respiratory failure, together with expert
recommendations on ECMO program organization, provides
practical guidance for referral, patient selection, initiation,
and management [29,33]. In the proposed phenotype,
timing is particularly important: imaging abnormalities may
remain modest while gas exchange and pulmonary vascular
physiology continue to deteriorate. Delayed escalation may
increase the risk of multiorgan failure and narrow the window
for safe transfer.

Future Directions

Three research priorities follow from the proposed vascular
phenotype concept:

Epidemiology and phenotype definition

Because pulmonary involvement after high-voltage electrical
injury is rare and clinically heterogeneous, prospective
registries may be the most realistic first step beyond isolated
case reports. These registries should capture serial gas-
exchange data, ventilatory mechanics, echocardiographic
findings, candidate endothelial and microthrombotic
biomarkers, and clinical outcomes. A structured approach of
this kind would help estimate the incidence of this phenotype,
describe its clinical course over time, and determine whether
reproducible clinical and biological criteria can be established
[7,14-16,30-32].

Biomarkers of endothelial injury and microthrombosis

The ARDS literature supports the relevance of endothelial
injury markers as both prognostic and mechanistic signals
[14,15]. In electrical trauma-associated lung injury, targeted
biomarker panels could help identify patients in whom
vascular and microvascular mechanisms are more likely to
dominate the clinical picture.

Treatment-responsive subgroups

Given the rarity of pulmonary vascular injury after electrical
trauma, conventional randomized trials are unlikely to be
feasible in the near future. A more practical strategy would
be to develop structured observational studies that look
for clinically meaningful patterns of treatment response.
Future studies could evaluate whether early hemodynamic
assessment, objective improvement after inhaled pulmonary
vasodilators, or timely referral for VV-ECMO is associated
with better oxygenation trajectories, shorter duration of
mechanical ventilation, or improved survival. Rather than
assuming benefit, this approach would help define whether
a reproducible subgroup of patients responds to vascular-
targeted supportive care [16,26,33].
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Figure 2. Recognizing the pulmonary vascular phenotype after electrical injury. Created with BioRender.com.
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Figure 2 presents a clinical framework for recognizing a
proposed vascular-dominant phenotype of acute lung injury
after electrical trauma. It highlights severe hypoxemia out of
proportion toimaging findings, early assessment of pulmonary
pressures and ventricular function, contextual interpretation
of distal subsegmental pulmonary embolism, time-limited
use of inhaled pulmonary vasodilators as physiologic probes,
and early referral for extracorporeal support when hypoxemia
remains refractory despite optimized conventional
management. The framework is informed by case-based
reports of pulmonary injury after electrical trauma [1-7],
post-cardiac arrest and pulmonary embolism literature [17-
22], ARDS supportive-care recommendations [23-27], and
extracorporeal support guidance [29,33].

Conclusion

Electrical trauma may, in selected cases, be associated
with a pulmonary vascular pattern of acute lung injury.
In this proposed phenotype, electroporation-related
endothelial injury, maladaptive pulmonary vasoconstriction,
and microvascular thrombosis could contribute to severe
V/Q maldistribution and pulmonary hypertension, even
when parenchymal abnormalities on imaging are limited.
Recognizing this possibility is clinically relevant because it
encourages clinicians to look beyond a purely alveolar model
of injury, avoid premature anchoring on incidental distal SSPE,

and consider early echocardiographic and hemodynamic
assessment when the severity of hypoxemiais not explained by
imaging alone. From a therapeutic standpoint, this framework
does not replace conventional ARDS management, but it may
help guide escalation when hypoxemia remains refractory.
In carefully selected patients, time-limited trials of inhaled
pulmonary vasodilators may serve as physiologic probes, and
early referral for extracorporeal support should be considered
when conventional strategies fail. The current evidence
remains limited and largely case-based. Nevertheless, the
recurring mismatch between physiology and imaging,
together with biologically plausible vascular mechanisms,
supports broader clinical awareness and more systematic
study of this potential phenotype.
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