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Abstract:

While aspiration pneumonia constitutes the majority of pneumonia cases in the elderly, it remains highly
underdiagnosed. We experienced a case of recurrent pneumonia and chronic cough that was later diagnosed
as aspiration pneumonia and diffuse aspiration bronchiolitis (DAB) due to recurrent hemorrhaging from an
intramedullary cavernous malformation. The patient was finally diagnosed when life-threatening respiratory
depression caused emergency attention. This is the first report of hemorrhaging from an intramedullary cav-
ernous malformation diagnosed due to aspiration pneumonia and DAB. These findings highlight the impor-
tance of considering aspiration in cases with recurrent pneumonia or chronic cough. The underlying cause

may be a life-threatening condition.
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Introduction

The majority of elderly patients hospitalized for pneumo-
nia have been found to have aspiration pneumonia. In one
study, 80.1% of patients >70 years old who were admitted
for pneumonia had aspiration pneumonia (1). However, it
can be difficult to distinguish whether pneumonia is due to
aspiration or not, and the entity remains highly underdiag-
nosed despite its high morbidity and mortality. Even when
aspiration is suspected, the cause remains undiagnosed or
uninvestigated in many cases. In our previous study, 30.7%
of those suspected of having aspiration pneumonia were
later diagnosed with a causative condition of aspiration that
was initially left unrecognized (2).

We herein report a patient who suffered recurrent pneu-

monia and chronic cough that turned out to be aspiration
pneumonia and diffuse aspiration bronchiolitis (DAB), ow-
ing to a swallowing disorder due to hemorrhaging of an in-
tramedullary cavernous malformation. She was finally diag-
nosed when life-threatening respiratory depression caused
emergency attention. The cavernous malformation was man-
aged conservatively, while the dysphagia assessment and
treatment required substantial time and effort. Evidence con-
cerning the conservative management of cavernous malfor-
mation and swallowing disorders due to this condition is in-
sufficient at present. To our knowledge, this is the first case
report of hemorrhaging from an intramedullary cavernous
malformation that was diagnosed due to aspiration pneumo-
nia and DAB.
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Figure 1.
lower lung fields. (B) (C) Chest computed tomography shows diffuse micronodules, branching areas

Chest images on admission. (A) Chest X-ray shows bilateral micronodular changes in the

of increased attenuation (tree-in-bud opacities), bronchiectasis, band-like opacities, and partial atel-

ectasis, all of which were more predominant in the lower lobes and posterior regions than in other

areas.

Case Report

A 7T4-year-old woman hospitalized for pneumonia in an
acute care hospital was transferred to our hospital for respi-
ratory depression. She had also been hospitalized for pneu-
monia five months ago, after which a low-grade fever and
productive cough had continued until the second admission.
This time, she was hospitalized for pneumonia and was re-
covering with antibiotic treatment. However, after five days,
she suddenly fell unconscious and was found to be in respi-
ratory depression (hypopnea). Manual ventilation was imme-
diately initiated while she was being transferred to our hos-
pital.

She had a history of an intramedullary cavernous malfor-
mation, which had first been diagnosed two years ago dur-
ing the investigation of hypoalgesia on the left side of her
body (including the arm, torso, and leg) and had since been
observed regularly. The cavernous malformation had origi-
nally been 10 mm in diameter but had enlarged to 13 mm at
the most recent magnetic resonance imaging (MRI) session,
performed 2 months prior to admission. In addition, she had
a history of a thyroid tumor that was also being observed
regularly, breast cancer that had been treated surgically four
months previously, type 2 diabetes mellitus, hypertension,
and hyperlipidemia. Her regular medication included lina-
gliptin, amlodipine, telmisartan, atorvastatin, pregabalin,
methylcobalamin, anastrozole, and levothyroxine. She had
never smoked and did not drink alcohol. She had no family
history of cerebrovascular or respiratory disease.

On arrival, she had regained full consciousness, and her
breathing had also stabilized. Oxygen saturation was 98%
on 2 L of oxygen per minute, and the respiratory rate was
18 per minute. Blood pressure was 145/70 mmHg, heart rate
was 95 per minute, and body temperature was 36.8°C.
Slight coarse crackles were heard bilaterally in the lower
lung fields on inspiration, and the heart sounds were normal.
A neurological examination revealed hypoalgesia on the left

side of her body (the torso and upper and lower extremities)
and decreased superficial sensation and partial paralysis on
the right (excluding the face), all of which she reported to
be chronic symptoms. Laboratory data were unremarkable,
except for elevated inflammatory marker and glucose levels
(white blood cell count 18,170/mm’, C-reactive protein 7.39
mg/dL, blood glucose level 258 mg/dL). Chest X-ray
showed bilateral micronodular changes in the lower lung
fields. Chest computed tomography (CT) showed diffuse mi-
cronodules, branching areas of increased attenuation, bron-
chiectasis, band-like opacities, and partial atelectasis, all of
which were predominant in the lower lobes and posterior re-
gions (Fig. 1). Head CT revealed a 25-mm high-density
tumor-like lesion in the medulla compressing the cerebellar
vermis and tonsils, suggesting hemorrhaging from the intra-
medullary cavernous malformation (Fig. 2).

The hemorrhaging from the cavernous malformation was
managed conservatively with strict control of blood pressure,
intravenous tranexamic acid infusion, and bed rest. Confirm-
ing that there was no further hemorrhaging or enlargement
of the hemangioma with regular CT follow-up, the patient
was mobilized gradually under careful blood pressure moni-
toring. MRI performed on day 12 after admission showed a
20-mm hypointense lesion in the medulla with peripheral
hyperintensity on T1-weighted imaging and a hyperintense
lesion with peripheral hypointensity on T2-weighted imag-
ing (Fig. 2). These MRI findings confirmed the diagnosis of
subacute hemorrhaging from the known intramedullary cav-
ernous malformation.

Treatment for the pneumonia was continued with intrave-
nous antibiotics and pulmonary rehabilitation, but the pneu-
monia continued to worsen. Sputum and blood cultures
taken on admission and on each day after admission were
unremarkable, including no indication of mycobacterium
species. Empiric antibiotic treatment with piperacillin tazo-
bactam and meropenem was ineffective. She developed hy-
percapnia and respiratory failure. An arterial blood gas
analysis revealed a pH of 7.307, partial pressure of oxygen
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Figure 2.

Images of the head. Head CT (A, B) taken on admission shows a 25-mm high-density tu-
mor-like lesion in the medulla compressing the cerebellar vermis and tonsils. Magnetic resonance
imaging performed on day 12 shows a 20-mm hypointense lesion in the medulla with peripheral hy-
perintensity on T1-weighted imaging (C) and a hyperintense lesion with peripheral hypointensity on

T2-weighted imaging (D). T2-weighted images taken one year (E) and two months (F) prior to presen-

tation are shown for reference. The cavernous malformation is shown with red arrowheads.

104.3 mmHg, and partial pressure of carbon dioxide 65.9 on
oxygen (10 L/min by mask). Therefore, she required respira-
tory support with noninvasive positive-pressure ventilation.

Bedside screening tests for dysphagia (modified water
swallowing test and food test) were unremarkable; however,
silent aspiration was suspected due to an episode of respira-
tory distress after taking sips of water. On a videoendo-
scopic evaluation of swallowing (VE), the right vocal cord
was paralyzed, and the left vocal cord showed extensive ad-
duction. Laryngeal sensation and cough reflex was dimin-
ished. Silent aspiration of thickened liquid could be identi-
fied (Fig. 3A). This was confirmed on a videofluoroscopic
swallow examination (VFSE). She was diagnosed with swal-
lowing disorder of the pharyngeal phase. Swallowing com-
pensation techniques (such as head rotation to the right, or
body tilting to the left with or without head rotation to the
right) did not enable safer swallowing (Fig. 3B). Therefore,
it was decided that continuing to eat or drink would cause a
high risk of aspiration. All oral intake was stopped, and nu-
trition was administered through an 8-Fr nasogastric feeding
tube. Specialized oral care was performed by dental hygien-
ists to limit the risk of aspiration pneumonia.

The patient’s pneumonia and respiratory condition im-
proved after stopping all oral intake and introducing regular

oral care by dental hygienists. However, daily swallowing
training by a speech therapist had little effect on the swal-
lowing function. Surgical resection of the cavernous malfor-
mation was considered. However, after carefully weighing
the potentially life-threatening risks related to the procedure
and the likelihood that it might not completely cure the
dysphagia, the patient chose not to undergo surgery.
Through multidisciplinary team discussions, it was de-
cided that long-term training was necessary, and that safe
nutritional management during that period was vital. The na-
sogastric feeding tube that was meant to help maintain an
adequate nutritional status was disrupting the pharyngeal
movement and possibly worsening the risk of silent aspira-
tion. Therefore, gastrostomy was performed on day 35 of
admission. After gastrostomy (and subsequent removal of
the nasogastric tube), the symptoms and findings of DAB
resolved (Fig. 4), and the chest sounds were normal. Ade-
quate nutrition was able to be provided without discomfort
or increased salivation, and swallowing training showed
more prominent effects. VFSE on day 51 showed an im-
proved swallowing function and no aspiration with small
amounts of thickened liquids, so it was decided that direct
training with liquids and pureed diets could be initiated. The
patient was transferred to a rehabilitation hospital on day 63
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Figure 3. A swallowing assessment. (A) A videoendoscopic swallow examination using purple-dyed
thickened liquid showed silent aspiration (arrowhead). The right vocal cord was paralyzed, and the
left vocal cord showed extensive adduction. (B) On a videofluoroscopic swallow examination, silent
aspiration was seen despite swallowing compensation techniques (tilting the body to the left with head

rotation to the right). The aspirated material is indicated with an arrowhead. The vocal cords are

shown with a white arrow, and the nasogastric tube (and esophagus) is shown with a yellow arrow.
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Figure 4. Chest images two months after the onset. (A) Chest X-ray shows improved opacity in all
lung fields. (B) Chest computed tomography shows that the diffuse micronodules and tree-in-bud

opacities have resolved.

for further training and discharged home on day 98. At that
point, she was eating normal foods and liquids. There were
no sequelae in the extremities attributed to this hemorrhagic
episode, apart from the chronic symptoms she had already
had before this hospitalization.

Follow-up MRI showed that the hemorrhaging had re-
ceded, and there was no enlargement or further hemorrhag-
ing from the intramedullary cavernous malformation; in ad-
dition, follow-up chest CT also showed no recurrence of
DAB. For two years since the first episode, there has been
no recurrence of hemorrhaging, pneumonia, or DAB.

Discussion

We experienced a case of life-threatening hemorrhaging
from an intramedullary cavernous malformation that caused
respiratory depression and unresolving pneumonia. The cav-

ernous malformation and symptoms of pneumonia and DAB
were both being followed up in different clinics. However,
the underlying swallowing disorder and the causal relation-
ship between them were unclear. It is important for physi-
cians to be aware of the different entities causing pneumonia
and to be able to investigate the causes efficiently (2).
Cavernous malformations (or cavernomas, cavernous an-
giomas, or cavernous hemangiomas) are cerebral vascular
abnormalities composed of clusters of malformed, hyalinized
capillaries surrounded by hemosiderin deposits and a gliotic
margin (3). Its incidence is reported to be 0.4% to 0.8% and
is seen in various parts of the brain, with up to 80% of
cases being supratentorial (3, 4). Primary symptoms range
from new-onset seizures or headaches in supratentorial cav-
ernous malformations to progressive neurological deficits in
infratentorial lesions (5). The risk of primary hemorrhaging
is said to be 0.7-1.1% annually, rising to 4.5% after a previ-
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ous instance of hemorrhaging (6). This risk increases in
cases with an infratentorial location, larger and more deeply
located lesions, and female gender (6).

Treatments of cavernous malformations generally consist
of either conservative management (control of blood pres-
sure and yearly MRI), surgical resection, or stereotactic radi-
osurgery. Since there is a risk associated with invasive inter-
vention, conservative management is recommended in cases
with no clinical symptoms or patients with a single episode
of severe hemorrhaging in an eloquent cortex (which di-
rectly control physical functions). Intervention is recom-
mended when there are symptoms, such as seizure, progres-
sive neurological deterioration, or hemorrhaging, in a non-
eloquent cortex (where symptoms are less severe) or two in-
stances of hemorrhaging in an eloquent cortex (where symp-
toms can be more severe) (7). The risks of complications as-
sociated with surgery vary depending on the location of the
lesion.

Brainstem cavernous malformations make up approxi-
mately 20-35% of all cavernous malformations, and the an-
nual hemorrhaging rate is higher than those in other areas of
the brain (0.25-6.5% per patient-year, and as high as 3.8-
60% after previous incident of hemorrhaging) (8). Hemor-
rhaging in the brainstem causes neurological deficits in 60%
of patients, which decreases with time as the hemorrhaging
improves or the blood is absorbed (6). Because of this char-
acteristic attenuation in symptoms and the relatively high
risk of intervention, surgical resection is limited to cases
with a severe clinical presentation.

In the present case, the symptoms were severe, including
loss of consciousness, respiratory depression, and swallow-
ing disorder of the pharyngeal phase (silent aspiration). It
was suspected that there had already been multiple instances
of hemorrhaging, as the hemangioma was growing yearly
with a characteristic “popcorn” appearance on MRI and
fluctuating neurologic symptoms. However, after weighing
the risks associated with surgery and the likelihood that the
whole lesion could not be resected (as the size was too large
and intervention was considered likely to interfere with in-
nervation of the heart), the patient opted for conservative
management. Decisions like this are extremely difficult to
manage. We held multiple multidisciplinary team discussions
with physicians from the neurosurgery, pulmonology, reha-
bilitation, and otolaryngology departments as well as speech
therapists, nurses, and a dietician, along with the patient and
her family. This enabled the patient to make decisions based
on her beliefs and values, as well as the medical expertise
offered.

Conservative management in our patient included antihy-
pertensive drugs and dietary restrictions to keep the systolic
blood pressure below 120/80 mmHg and close follow-up
with MRI every 6 months. This was effective, and her neu-
rological symptoms continued to improve, while imaging
findings also showed improvement. Had the treatment been
initiated earlier, this lethal hemorrhagic episode may have
been prevented. It is important to manage blood pressure

strictly in cases with cavernous malformations, especially
when located in the brainstem. However, there is still no
consensus regarding the optimal blood pressure for prevent-
ing hemorrhaging from a cavernous malformation. Guide-
lines for intracranial hemorrhaging recommend maintaining
the systolic blood pressure below 140 mmHg (9). In the
clinical setting, this is often considered in the conservative
management of hemorrhaging from cavernous malforma-
tions. Measures such as a blood pressure diary or a wearable
continuous blood pressure monitor may be effective for
monitoring the blood pressure throughout the day.

The chronic low-grade fever, cough, and tree-in-bud
opacities on chest CT were suggestive of tuberculosis or dif-
fuse panbronchiolitis (DPB). However, these differential di-
agnoses did not explain the abrupt onset five months ago or
the improvement with antibiotics. A careful history collec-
tion, physical examination, and clinical reasoning concern-
ing the intramedullary cavernous malformation hemorrhag-
ing led to a suspected diagnosis of DAB. This was con-
firmed with silent aspirations seen on the swallowing assess-
ment. The symptoms and image findings receded by stop-
ping all oral intake and performing specialized oral care,
which also supported the diagnosis. When physicians en-
counter recurrent pneumonia or an unresolving low-grade
fever and chronic cough, the possibility of aspiration must
always be kept in mind. Intramedullary lesions, such as cav-
ernous malformations or Wallenberg’s syndrome, can often
present with mere globular palsy (i.e., symptoms concerning
swallowing or articulation) and no other apparent symptom.
However, these less-symptomatic conditions are nonetheless
life-threatening when left unnoticed. In our previous study,
30.7% of cases suspected of having aspiration pneumonia
were later diagnosed with a causative condition of aspiration
that was initially unrecognized, 9.6% of which were acute
stroke (2). This highlights the importance of considering
brainstem lesions in patients with suspected dysphagia, re-
gardless of the patient’s general condition.

DAB can occur with only mild symptoms and is often
unrecognized. Common symptoms include cough, sputum,
fever, and dyspnea, and the diagnosis can be confirmed with
characteristic tree-in-bud micronodules on chest CT and an
underlying swallowing disorder (10). The most important
treatment of DAB is, understandably, the treatment of the
condition causing the aspiration. There is also a report on
the possible effect of treatment with macrolides (11) and a
case report on the successful prevention of aspiration with
cricopharyngeal myotomy (12). Only when the correct diag-
nosis of DAB is made can the patient be administered avail-
able treatment.

Conclusion

We experienced a severe case of hemorrhaging from an
intramedullary cavernous malformation that presented with
respiratory depression and unresolving pneumonia. The
hemorrhaging was successfully treated with conservative
management, and pneumonia was manageable with adequate
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nutrition management and rehabilitation. This case high-
lights the importance of considering silent aspiration and
DAB in cases with recurrent pneumonia or a chronic cough
and fever. Investigating the cause of aspiration is essential,
as the underlying condition may be potentially life-
threatening, as was seen in this case.

Informed consent was obtained from the patient and her fam-
ily discussed in the report.
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