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ABSTRACT

Background: In our center, large vestibular schwannoma (VS) is typically managed by a planned partial resection
through the translabyrinthine route. Here, we report on a rare complication of VS surgery and severe neurogenic
pulmonary edema.

Case Description: A 33-year-old male was referred to our skull-base center with a large VS. A planned partial
resection was performed. The surgery was without complications and the patient showed good recovery without
facial nerve dysfunction. In the evening of the 2™ day after surgery, the patient showed rapid neurological
deterioration, accompanied by cardiac arrest. After the patient was resuscitated, a computed tomography (CT)
was made, which showed generalized (infra- and supratentorial) brain edema and hematoma in the resection
cavity. Despite rapid removal of the hematoma, there was no change in the neurological situation. The next CT
scan showed a further increase of brain edema and the patient died eventually. Autopsy revealed generalized lung
edema, brain edema, and Hashimoto’s thyroiditis. The pathologist diagnosed neurogenic lung edema.

Conclusion: Neurogenic lung edema can occur on the 2™ day after surgery and induce rapid deterioration of the
patient with massive brain edema.
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CASE REPORT

A 33-year-old patient was referred to our skull-base center because of a large vestibular
schwannoma (VS) (diameter of 4.4 cm, Figure 1: magnetic resonance imaging). The patient
presented with unilateral hearing loss, mild ataxia, and signs of cerebellar coordination
dysfunction after discussing the case in our multidisciplinary team, we advised a planned
partial resection via the translabyrinthine approach. The patient gave informed consent and was
admitted for surgery, which was performed by an ENT/Neurosurgery team. The facial nerve
was EMG-monitored during surgery. The surgery was without complications and a substantial
amount of tumor was removed. The patient showed no additional deficits soon after the surgery
and displayed good recovery in the next 24 h. However, in the evening of the 2" day, the patient
developed a cardiac arrest which was followed by a Glasgow Coma Score of 1-1-1 in a short
period of time. The patient was swiftly resuscitated and a computed tomography (CT) scan was

This is an open-access article distributed under the terms of the Creative Commons Attribution-Non Commercial-Share Alike 4.0 License, which allows others
to remix, transform, and build upon the work non-commercially, as long as the author is credited and the new creations are licensed under the identical terms.
©2022 Published by Scientific Scholar on behalf of Surgical Neurology International

Surgical Neurology International « 2022 « 13(441) | 1



Ravindran, ef al.: Neurogenic pulmonary edema

made. CT showed generalized brain edema (supratentorial
and infratentorial, Figure 2) and the presence of blood in
the resection cavity. Venous sinus thrombosis was ruled out
as a cause of delayed cerebellar hemorrhage and swelling.
The blood in the resection cavity was decompressed
immediately and the patient was transferred to the intensive
care unit, after which another CT was made. The second
CT showed evacuation of the hematoma but progression
of the generalized brain edema. Subsequently, the patient
died and an autopsy was performed. The autopsy indicated
generalized lung edema, brain edema, and Hashimoto’s
thyroiditis (HT), and a diagnosis of neurogenic lung edema
was made. Histological examination of the tumor confirmed
the diagnosis of schwannoma.

DISCUSSION

Here, our patient developed an unusually rapid deterioration
in the 2™ day after VS surgery with cardiac arrest. CT
imaging showed hematoma in the resection cavity and
generalized edema. The time course of a typical hemorrhage
after a posterior fossa surgery is different. This occurs in
the 1* h after surgery and is characterized by neurological
deterioration without hemodynamic instability. However, in

Figure 1: An axial Tl-weighed contrast-enhanced (a) and
T2-weighed (b) Magnetic resonance image showing the vestibular
schwannoma in the right cerebellopontine angle. There is severe
brainstem compression.

our case, the neurological and hemodynamic deterioration
occurred relatively late, was very fast, and had a catastrophic
clinical course. Rapid evacuation of the hematoma in the
resection cavity had no effect at all.

The Berlin definition defines neurogenic pulmonary edema
(NPE) as a type of acute respiratory distress syndrome,
defined by marked, acute-onset, and extravascular
accumulation of pulmonary interstitial fluid.”! NPE is
typically triggered by severe stress from acute insults in
the central nervous system (CNS), mostly located in the
brainstem or the hypothalamus. NPE was first discovered
in 1908, since then two forms have been demarcated
depending on the onset relative to acute CNS insult. This
includes a more common acute onset (<4 h - usually within
30-60 min after CNS event) and a delayed onset (12-72 h
after CNS event).® On its discovery, several other triggers
have been proposed, such as enterovirus-71-induced
brainstem encephalitis, subarachnoid bleeding, and
cerebral/spinal surgery.”!

What distinguishes NPE from other pulmonary edemas (PE)
is that there are two basic mechanisms of PE development
at play: (1) increased intravascular and interstitial pressure
and (2) an increased permeability of the pulmonary
capillaries.®™ It is likely that the increase in hydrostatic
pressure and permeability operate through separate
mechanisms in NPE.!'” The injury to the CNS elicits a
major sympathetic overstimulation (a catecholamine storm),
which leads to profound hemodynamic alterations. These
changes alter the Starling forces between the pulmonary
capillaries and interstitium and/or increase the permeability
of these capillaries.”® The mechanism by which pulmonary
permeability is changed include neuropeptide-Y action and
inflammation.®*!

Certain CNS centers are involved in the regulation of
sympathetic innervation and are able to change hemodynamic
functions.®? CNS areas responsible for the sympathetic
hyperstimulation can be attributed to NPE trigger zones.

Figure 2: Computed tomography images showing the hematoma in the resection cavity
(a), compression of the basal cistern (b), and supratentorial edema causing sulcal effacement (c).
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Studies indicate that mid-collicular decerebration does
not inhibit the development of NPE, indicating that the
hypothalamus and higher CNS structures may not be
involved in the pathogenesis of NPE.® Furthermore, a
pivotal role in the pathogenesis of NPE is executed by the
rostral ventrolateral medulla, the regulator of sympathetic
and baroreflex activity.®! Further vasomotor centers that
are crucial for NPE development are found in the medulla
oblongata and include, for instance the dorsal motor vagus
nucleus, nucleus tractus solitarii, area A1 and A5, and the area
postrema.>%

Local edema is a common pathological consequence
following surgery. Edema occurs as a result of endothelial
cell damage, abnormal tight junctions, and disrupted
transcellular transport. The damaged cells and blood vessels
activate a plethora of cellular mechanisms, which worsen the
injury.”)

The present understanding suggests that the elevated
intracranial pressure plays a key role in the development of
NPE.?I A catecholamine storm elicits direct myocyte injury
resulting in the development of PE.1?! The PE is characterized
by acute distention of the capillaries and interstitial edema
causing thickened alveolar walls, eventually the alveolar
lumen is replaced by transudate.” The sympathetic discharge
is thought to cause vasoconstriction which causes blood to
shift from the high-resistance systemic circulation to the low-
resistant pulmonary circulation. This essentially results in a
fluid overload in the lungs, resulting in damaged pulmonary
capillaries and altered permeability. The presence of red blood
cells and high protein edema fluid suggest the presence of a
damaged and disrupted capillary endothelium.” Most cases
of NPE resolve within 48-72 h; however, the development of
the edema is associated with a worse prognosis.”

The patient’s autopsy report also revealed an underlying
HT which, we believe, may have further exacerbated the
PE. HTs is the most common cause of hypothyroidism in
developed countries, and this deficit in the thyroid hormone
can lead to cardiogenic PE.! This autoimmune disease
equips both cell and antibody-mediated immune processes to
destroy thyroid follicular cells. The exact pathophysiological
mechanism behind the non-cardiogenic PE formation due to
hypothyroidism is not fully elucidated.

Another possible etiology of the PE could have a cardiogenic
origin despite the “non-cardiogenic” label given to NPE. In
fact, there is evidence that in a group of patients, neurologic
insult leads to Takotsubos cardiomyopathy, which can depress
lusitropy, cause diastolic dysfunction. The hypokinetic state can
leave the lungs vulnerable to cardiogenic PE.”! However, the
autopsy study only revealed cardiomegaly (460 g) with a right
dominant circulation, normally functioning valves, no arterial

narrowing, and a normal lactate dehydrogenase staining
pattern indicating normal postmortem and agonal changes.

CONCLUSION

The hematoma in the resection cavity and the HT probably
have triggered CNS mechanisms to cause NPE in our case.
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