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Abstract

Background: Hyperbaric oxygen therapy (HBOT) for the treatment of acute stroke has been under the radar for a
long time. Previous studies have not been able to prove efficacy. Several factors might have contributed to such
inconsistent results. The timing of delivering the hyperbaric oxygen in relation to the stage of stroke evolution may
be an important factor. This was not taken into account in the previous studies as there was no feasible and
standardized method to assess the penumbra in the acute phase. Now with the perfusion scan appearing as a key
player in the acute stroke management, precise stroke patient selection for hyperbaric oxygen therapy deserves a
second chance similar to mechanical thrombectomy.

Case presentation: A 62-year-old female patient who presented with acute large vessel stroke was not eligible for
chemical or mechanical thrombectomy. There was a large penumbra on imaging. She got treated with several
sessions of hyperbaric oxygen over a 2-week period immediately after stroke. The patient showed significant
improvement on the follow-up perfusion imaging as well as some clinical improvement. The more impressive
radiological improvement was probably due to the presence of relatively large core infarction at baseline affecting
functional brain areas. The patient continued to improve clinically on her 6-month follow up visit.

Conclusion: Our case demonstrates immediate stroke-related penumbra improvement associated with HBOT.
Based on that, we anticipate a potential role for HBOT in acute stroke management considering precise patient
selection. Future randomized controlled trials are needed and should take that in consideration.
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Background
The ischemic penumbra is the region of the brain that
surrounds the core infarcted tissue. This region is not
apoptotic yet but is at risk of progressing to an expanded
core infarction unless an intervention is taken. Contrar-
ily, cerebral oligemia is the region of the brain tissue that
is temporary ischemic following a stroke but is likely to
recover spontaneously and thus considered benign. In a
nutshell, a core infarction is an unsalvageable tissue, a
penumbra is a potentially salvageable tissue but with

intervention, and finally oligemia is a spontaneously
salvageable tissue [1].
There have been remarkable advances in brain imaging

in the last decade specifically in the perfusion studies. In
1980, Dr. Leon Axel has set the ground for perfusion
scans to be used in mapping the cerebral blood flow by
his theoretical analysis at the time [2]. With multiple tech-
niques and softwares arising (e.g., RAPID software [3, 4])
since then, differentiation between the core, penumbra,
and oligemia was made possible [5]. With such advances,
vascular neurologists and neuroradiologists are able to de-
termine with high precision the region of ischemic brain
that is salvageable. This has opened the way to reinvesti-
gate the usefulness of mechanical thrombectomy again
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after failing in prior studies (IMS III [6], SYNTHESIS EX-
PANSION [7], and MR RESCUE [8]). Failure of these
trails was attributed to lack of precision in patient
selection due inconsistency in neuroimaging as well as
using the “Merci device” instead of the “stent retriever” for
mechanical thrombectomy. From 2015 through 2018,
some breakthrough clinical trials (MR CLEAN [9], REVA
SCAT [10]), ESCAPE [11], SWIFT PRIME [12],
EXTEND-1A [13], DIFFUSE 3 [14], and DAWN [15]) has
reintroduced mechanical thrombectomy in the manage-
ment of acute ischemic stroke within a window of up to
24 h from symptoms onset respectively with remarkable
success. Of note, the first three trials have relied on non-
contrast CT head and CT angiography while the later four
have relied on the perfusion scans (RAPID software).
Consequently, mechanical thrombectomy for acute stroke
management has made its way in the 2015 and 2018
AHA/ASA updated guidelines [16]. A large multicenter
meta-analysis done by the HERMES group [17] showed
that favorable outcomes were seen in 46% of patients
enrolled in the intervention arm as compared to 27% in
the control arm when pooled data from the first 5 trials
were analyzed. On the other hand, When Diffuse 3 and
DAWN trials were co-analyzed, 47% of the intervention
group versus 15% of the control group showed favorable
outcomes despite of the large window gap for intervention
between the two analyses. In another analysis by the
HERMES group, they showed that the estimated ischemic
core volume was independently associated with functional
independence and functional improvement [18]. This
indicates that mechanical thrombectomy relies heavily on
the perfusion imaging results and thus precise patient
selection is warranted.
Recent human and animal studies showed that the

penumbra can extend beyond 48 h and are associated

with worse outcomes if not treated [19–21]. In a DAWN
trial subanalysis, 21 patients who were enrolled into the
study actually met the perfusion imaging criteria but did
not meet the time window which extended beyond 24 h.
The average time from last known well to mechanical
thrombectomy was 54.5 h (range 24.1–155.7 h). The
results of this subanalysis were similar to the main
DAWN trial. It showed that the benefit from mechanical
thrombectomy extends beyond the 24-h time window. It
came to the conclusion that the tissue window based on
the perfusion scans is a more accurate parameter than
the time window [22].
Likewise, HBOT for acute cerebral ischemia has

failed in the past. A recent 2014 Cochrane review
[23] concluded that HBOT is not superior to conven-
tional treatment in terms of 6-month mortality rate
(prior to the mechanical thrombectomy era). Despite
that few studies showed some functional and clinical
improvement; on the larger scale, these results were
inconsistent. Logically, like mechanical thrombectomy,
achieving reperfusion and increasing oxygen tension
help improving oxygenation to ischemic areas. Unlike
mechanical thrombectomy, HBOT is not expected to
reach the core infarction due to blocked blood supply
and thus expectedly may have less chance for reperfusion
injury. Nonetheless, mechanical thrombectomy achieves
reperfusion whereas HBOT delay tissue demise until
revascularization is achieved or a collateral circulation is
maintained. Again, precision in patient selection is a key.
We present a case of acute symptomatic ICA occlusion

who was not a candidate for mechanical or chemical
thrombectomy. After obtaining the family consent, the
patient received several sessions of HBOT (Fig. 1) over 2
weeks immediately after the stroke. Remarkable improve-
ment on serial perfusion scans was evident.

Fig. 1 Hyperbaric chamber. Image of the used hyperbaric chamber. Model 3300, company’s name: Sechrist, Anaheim, California, USA, year of
manufacture: 2010
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Case presentation
A 62-year-old fully functioning woman with history of
hypertension and obesity presented with sudden onset
right-sided weakness and global aphasia. Her last-known-
well was > 24 h and thus not eligible for chemical or
mechanical thrombectomy. Her initial NIH stroke scale
(NIHSS) was 22. CT-Head showed left-MCA hyperdense
sign and watershed hypodensity in the left subcortical
area. CT-Angiography showed a long segment occlusion
of left internal carotid artery just cranial to bifurcation
extending cranially to the level of carotid terminus. There
was opacification of left-A1 segment via ACOM, trace
opacification of the left ophthalmic artery and left MCA
branches by left posterior communication artery, with
minimal reconstitution peripherally by the leptomeningeal
collaterals (Fig. 2). The initial CT-perfusion (CBF < 30%
and T-max > 6.0 s) showed an ischemic tissue size of 147
ml (Fig. 3). The patient received the conventional stroke

therapy for secondary prevention including aspirin 81 mg
daily and a lipid lowering medication along with physical
therapy and speech therapy. The patient required thera-
peutic hypertension due to blood pressure-dependent
mental status and aphasia fluctuations indicating unstable
collaterals. Therapeutic hypertension using vasopressors
was maintained for 2 days post-stroke. Systolic blood pres-
sure was maintained between 160 and 180 mmH2O.
However, the patient received five sessions of hyperbaric
oxygen therapy (HBOT; hyperbaric chamber, model 3300,
company’s name: Sechrist, Anaheim, CA, USA, year of
manufacture: 2010) over a 2-week period that started in
post-stroke day 2 (after stopping therapeutic hyperten-
sion). HBOT was performed in post-stroke day 2 (PSD-2),
PSD-4, PSD-7, PSD-10, and PSD-15. During that period,
permissive hypertension was allowed. Systolic blood
pressure was running between 100 and 140 mmH2O.
Each HBOT session consisted of 2-h 100% O2 at 2.5 ATA.

Fig. 2 Computed tomography angiogram. Presenting computed tomography-angiographic study showing complete occlusion of left intracranial
portion of the internal carotid artery at the level of carotid terminus (red arrow) (a). Compared to the patent right middle cerebral artery (MCA)
(b), there was trace opacification of left MCA branches (blue arrow) by left posterior communication artery (red arrow) (c), with minimal
reconstitution peripherally by the leptomeningeal (red arrows) (d)
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Serial CT-perfusion studies were done after the HBOT
sessions (Fig. 3). The first follow-up CT-perfusion done
after 2 sessions of HBOT showed reduction of the ischemic
area to 77 ml. Her NIHSS improved to 16. The second
follow-up CT-perfusion after 2 more sessions of HBOT
showed further reduction of the ischemic area to 38 ml.
Her NIHSS improved to 12. The final CT-perfusion done
after fifth session of HBOT showed near stabilization of the
ischemic area at 48 ml. Her NIHSS improved to 10. Her
global aphasia improved (only motor aphasia partially
persisted), and there was no clinical deterioration despite
normalization of the blood pressure after 2 days due to
evidence of small intracerebral hemorrhage. Her 6-month
follow-up visit showed improvement of her aphasia and
motor functions. Her modified ranking scale was four as
she still needs assistance with walking.

Discussion
The patient showed significant improvement on the
follow-up perfusion imaging as well as some clinical
improvement. The lack of full-clinical improvement was
probably due to the presence of relatively large core
infarction at baseline affecting functional brain areas.
The proposed beneficial mechanism of HBOT includes

counteracting hypoxia by inducing hyperoxemia which
leads to improved perfusion and oxygenation of the pen-
umbra and the brain microcirculation [24]. While this
action seems exciting, it is not specific for hyperbaric
oxygen and reports of normobaric oxygen therapy
(NBOT) delivery in the acute stroke presumptively lead
to the same effect [25]. While NBO is feasible, quick,
and easy to use, it lacks an equivalent neuroprotective
effect as HBOT. In an animal study that compared

Fig. 3 CT perfusion: serial computed tomography-perfusion studies over 2 weeks using the RAPID software. a The initial CT-perfusion on
presentation showing a core infarction of 58 ml, ischemia of 147 ml, mismatch volume of 89 ml and mismatch ratio of 2.5. b–d Follow-up CT-
perfusion studies after starting hyperbaric oxygen therapy (HBOT) presented in order showing ischemia reduction (b 77 ml, c 38 ml, and d 48 ml).
Although there is a slight increase in the penumbra after the fifth session of HBOT, a clear trend of penumbra reduction is seen through the
follow-up studies compared to the initial study. Although the amount of clinical improvement is less than the radiological improvement, the
relatively large core infarction and its location might be the determinant of that perfusion/clinical mismatched improvement
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HBOT, NBOT, and normobaric air, the HBOT only had
significantly smaller infarct size with no difference in the
brain oxygenation indicating the presence of neuropro-
tective effect in the HBOT group [26]. The neuroprotec-
tive effect of HBOT comes from the antioxidant [27]
and anti-inflammatory effects associated with it. The
antioxidant effect is paradoxical and controversial as it
has been also reported to induce an oxidative stress
injury in the brain. However, this might be related to
whether revascularization prior to HBOT was achieved
or not. In other words, prior revascularization might in-
crease the risk of oxidative injury. However, preserving
HBOT for strokes that are not eligible to revasculariza-
tion might sound reasonable. The anti-inflammatory
effect is maintained through inhibition of leucocyte
activation, regulate abnormal cellular metabolites, recov-
ering the blood–brain barrier and thus reducing the
cerebral edema [24, 28–32]. Other factors leading to
neuroprotection with HBOT have been described. These
include mitochondrial regulation [33], decreased cortical
and hippocampal caspase-3 [34], increased growth
factors [35], and reduction in hypoxia-inducible factor-1
[36]. A major risk of HBOT, as mentioned before, is the
worsened oxidative stress with HBOT leading to glutamate
inducted excitotoxic cell death [37]. Similar effect was
reported with NBOT [38]. Another potential risk of HBOT
is that it might theoretically lead to a steal phenomenon
which can be detrimental. This means routing of the blood
from the ischemic tissue to the normal brain tissue due to
vasodilatation of the vessels on the normal side. This
occurs when there is a persistent arterial occlusion that
lead to hypercarbia in the ischemic region that leads to
decreased flow velocities in that region at the expected
time of normal brain vasodilatation induced by HBOT [39]
leading to blood shift to the normal non ischemic areas.
This usually leads to worsening of the patient’s manifesta-
tions after an initial improvement [40]. While there has
not been reports associating the steal phenomenon with
HBOT, it remains a potential risk of the treatment.
The timing of HBOT for acute stroke treatment is

another controversial topic. While in the past, it was
believed that the earlier the treatment was started, the
better the outcomes will be [41]. More recently, it is
believed that later onset, whether acutely 2–5 days post-
stroke or chronically, and longer course HBOT has
significant effect on neurogeneration [42–44].
As previously mentioned, the previous 2014 Cochrane

review was conducted before the recent breakthrough
trials for validation of mechanical thrombectomy guided
by the perfusion scans (precise selection of patients).
Despite that the authors found no good evidence to
show that HBOT improves clinical outcomes when
applied during acute presentation of ischemic stroke,
this was attributed to insufficient evidence by 11 RCTs.

The possibility of clinical benefit was not excluded.
Similar reviews discussing failure of mechanical
thrombectomy as a treatment for stroke exist before
those breakthrough trials. However, they kept the
door opened for further modifications [45, 46]. None-
theless, reemergence of mechanical thrombectomy
after the establishment of reliable brain perfusion
scanning pursued [47, 48].
In the new era of precision medicine [49] and

perfusion-guided therapy for acute ischemic stroke,
HBOT as an alternative therapy for acute ischemic
stroke, for which the traditional reperfusion methods
are difficult to achieve, should be readdressed. This is
especially true if a significant penumbra exists. Condi-
tions, like symptomatic critical carotid stenosis and
critical vertebral and/or basilar arteries stenosis or
occlusion, are also eligible especially if the surgical op-
tion is contraindicated, unachievable, or will be delayed.
While an alternative therapy like therapeutic hyperten-
sion is always an option, it might have significant side
effects like bleeding and/or organ damage like myocar-
dial infarction.
Based on that, we anticipate a larger potential role for

HBOT in acute stroke management in the future consid-
ering precise patient selection. Follow-up randomized
controlled trials (RCT) should take that in consideration.

Limitation
The intention of this report, like any other case report,
is never to create an attribution, association, or correl-
ation but to report an observation and draw attention
for the need for such RCT. Case reports are important
tools to report observations. Most major discoveries or
trials were based on observations from case reports or
case series. We obtained a CT perfusion scan immedi-
ately after each hyperbaric therapy which showed
consistent improvement. This is the observation that we
are reporting. This might be the result of natural
resolution and thus we recommend that a randomized
control trial should be conducted. Without the report of
observations, we will never be able to conduct such
trials. Nonetheless, the persistence of penumbra beyond
48 h is not so common. While this might be unexpected
by some, it strengthen our argument that HBOT might
be useful in the prevention of demise of the penumbra.
Mechanical thrombectomy itself as a treatment for

stroke showed initial failure (IMS III, SYNTHESIS
EXPANSION, and MR RESCUE). Without persistent
clinicians reporting association of benefit after precise
selection of patients based on the relatively newly
developed CT perfusion imaging, they would have
never been able to re-conduct trials like (MR CLEAN,
REVASCAT, ESCAPE, SWIFT PRIME, EXTEND-1A,
DIFFUSE 3, and DAWN) that have proven the correlation.
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Another limitation is the presence of a confounding
factor for HBOT which is the induced therapeutic
hypertension. This only lasted for 2 days. While this
could certainly contribute to the initial improvement,
the continued improvement over the pursuing 2 weeks
while on HBOT might indicate a potential role for such
intervention.

Conclusion
HBOT, as a salvage therapy for the cerebral ischemic
penumbra, is potentially beneficial and deserves a second
chance of evaluation after precise selection of patients
with large vessel occlusion (LVO) strokes. Although it car-
ries potential risks like oxidative injury, this is theoretically
less significant than those associated with mechanical
revascularization as the dead tissue is not subject to such
stress. HBOT, if proven effective, can be an alternative, ad-
junctive, or back-up therapy for the treatment of patients
suffering of acute LVO stroke associated with large pen-
umbra and with anticipated delayed or contraindicated
mechanical thrombectomy. Randomized controlled trials
are needed to prove such hypothesis.
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