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Abstract

Background: Severe complications after reperfusion therapyatute major vessel
occlusion are not well-described. We present aremély rare case of a patient with
rapid malignant brain swelling subacutely aftertaagachemic stroke.

Case Description: An 84-year old man underwent reperfusion thergryacute left
internal carotid arterial occlusion, and compledperfusion was achieved. Although
magnetic resonance imaging on postoperative dayDJP® revealed a small
hemorrhagic infarction and subarachnoid hemorrl{&#dH) unrelated to a left middle
cerebral arterial aneurysm in the left frontal lpbeeurological deficits resolved
completely. On POD 5, the patient developed a fanersudden consciousness disorder
with right hemiparesis. He was diagnosed as hawuimgsepsis, and computed
tomography (CT) revealed massive hemorrhagic ititaran the left frontal lobe and
diffuse SAH. Emergent hematoma evacuation and idgere performed. Although
the aneurysm was unruptured, brain swelling wasreevlespite a patent middle
cerebral artery. CT performed immediately postoperly (within 6 hours after
preoperative CT) showed severe left brain swellivith midline shift. The patient
unfortunately died on POD 1%onclusions. This case has some similarities to both
second-impact syndrome after head trauma and panfbseakthrough phenomenon. In
our patient, initial ischemic damage following rdpsion therapy and damage
secondary to sepsis and SAH might have led to nagailignant brain swelling. Careful

management is important for patients receiving nfegen therapy.
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Introduction

Ischemic stroke is a leading cause of mortality araalbidity, and the treatment target
for patients with acute ischemic stroke is immegliahd efficacious recanalization of
the occluded artery. Remarkable progress in theldpment of endovascular devices
has enabled rapid recanalization and high recaataliz rates, thereby providing
favorable outcomes for patients with acute majtera occlusiort. After reperfusion
therapy, secondary prevention of stroke and reitatiddn are important. Direct oral
anticoagulants have replaced warfarin for prevgntardiogenic infarction in many
patients because these agents can prevent cardiogimction equal to warfarin with
fewer hemorrhagic complicatiois. Older patients have worse long-term outcomes,
reflecting the higher burden of comorbidities aothplications after strok:Therefore,
preventing complications after stroke is especiaigortant in these patients. We report
an extremely rare case of a patient with rapid gnaint brain swelling (RMBS)
subacutely after acute ischemic stroke. The patiead urosepsis and massive
hemorrhagic infarction with subarachnoid hemorrhg&®H) while taking rivaroxaban.
We also discuss the etiology of RMBS. To our knalgke, ours is the first report of

RMBS subacutely after ischemic stroke.

Case Presentation

An 84-year old man with a history of hypertensioaswiransported to a local hospital
by ambulance approximately 30 minutes after symptomset. Neurological
examination on arrival revealed consciousness digspright hemiparesis, and aphasia.
The patient scored 8 points on the Glasgow Combe $EdV3M4) and 24 points on the

National Institutes of Health Stroke Scale. Magnetisonance imaging (MRI) showed
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acute cerebral infarction in the left frontal lobad left internal capsule (Fig. 1A).
Magnetic resonance angiography showed left intecasdtid arterial (ICA) occlusion.
After tissue-plasminogen activator infusion 114 uaté@s from symptom onset, the
patient was transported to our hospital by helieogtis symptoms did not improve,
and endovascular treatment was performed. MecHatlicambectomy using a 6 x
30-mm Solitaire FR (Medtronic, Minneapolis, MN, UB&nd a Penumbra 5SMAX ACE
catheter (Penumbra Inc., Alameda, CA, USA) wasagoeréd with a balloon-guided
catheter. Initial digital subtraction angiographyowed left ICA occlusion (Fig. 1B),
with the distal edge of the thrombus at the miqutigion of the left M1 segment. First,
we fully deployed the Solitaire FR from the digbaktion of the left M1 and retracted it
into the Penumbra 5SMAX ACE, retrieving a red thrarsbAfter first passage using a
stent retriever, left internal carotid arteriogrgpshowed left middle cerebral artery
(MCA) distal M1 occlusion. Another remnant thrombwas retrieved using a direct
aspiration first-pass technique with the Penumiivid® ACE. Complete reperfusion
was achieved, and an aneurysm was found at the Mi@hcation (Fig. 1C). The
patient’s Thrombolysis In Cerebral Infarction scevas grade 3 flow. The time from
onset to reperfusion was 328 minutes. The next plastoperative day (POD) 1, MRI
revealed a small hemorrhagic infarction in the fabfobe, infarction in the left internal
capsule, and a small SAH in the left Sylvian figs@Fig. 1D and E). The patient’'s
symptoms had resolved completely. However, his tedeardiogram showed
paroxysmal atrial fibrillation, and MRI on POD1 sted that the hemorrhagic
infarction with SAH was not severe; therefore, wesgribed rivaroxaban from POD 2.
Computed tomographic (CT) angiography on POD 3 gluba 3-mm aneurysm at the

left MCA bifurcation without stenosis or reocclusiof major vessels (Fig. 1F) and no



Yamaguchi

increase in the size of the hemorrhagic infarciod SAH. The morning of POD 5, the
patient remained asymptomatic; however, by noonh&é developed a fever and
sudden consciousness disorder with right hemipardsaboratory testing revealed
increased C-reactive protein (9.78 mg/dl) and doitoenin (5.870 ng/ml) levels, and
bacteriuria accompanied with an elevated white dbloell count. Although prothrombin
time was not prolonged compared with admission8§12.vs. 11.9 s; POD 5 vs
admission, respectively), CT revealed increased $#H cerebral hemorrhage in the
left frontal lobe at the site of previous hemoriicagfarction seen on MRI or CT (Fig.
2A and B). Meropenem was administrated, and emergpearation was performed.
Intraoperative findings showed that the MCA anenrysas unruptured (Fig. 2C) and
indocyanine green video angiography after clipmogfirmed patency of the left MCA
(Fig. 2D). Because the patient’'s brain swelling wasere during intracranial surgery,
we did not replace the free bone flap. Postoperhtiphysical examination revealed
anisocoria, and CT performed immediately postopexyt revealed severe left
hemispheric brain swelling and midline shift (FRE and F). Laboratory testing the
next day revealed an increased white blood celht@l0600/mrf), and C-reactive
protein (19.9 mg/dl) and procalcitonin (> 100.0mb/levels. Also,Citrobacter koseri
was isolated from blood and urine. Although inteastare was performed, the patient
unfortunately died on POD 15.

Discussion

Our patient experienced acute brain swelling aftersepsis and recurrent massive
hemorrhagic infarction with increased SAH subagutdlen finally died secondary to
cerebral herniation. It is noteworthy that the @atiiexperienced rapid brain swelling

that led to cerebral herniation within 6 hours mafsymptom onset, and sudden
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consciousness disorder, on POD 5. Although recufeft ICA occlusion or venous
congestion in the left hemisphere was a possilfferdntial diagnosis, the patient’s
operative findings and therapeutic course afteenfegion therapy might rule out these
diseases. In our patient, left internal caroticerdography after successful reperfusion
revealed bilateral anterior cerebral artery antdN6EA aneurysm. This area, fed by the
left ICA, was consistent with the area of rapid ibbrawelling, suggesting that
reperfusion in the left ICA feeding territory affecrapid brain swelling. This rare
condition has similarities to second-impact syndeqi®IS) after head trauma regarding
the development of RMBS after the second eVeherefore, the mechanism of RMBS
in our patient and SIS might have common charasttesi SIS was first reported by
Richard Schneider in 1973and is characterized by rapid and profound breiell;g
following second-collision impact during a shortipd. Although the existence of SIS
and its mechanism remain controversial and unckearoposed hypothesis is that of
brain vulnerability and dysfunctional cerebral aatulation induced by nonsevere first
head injury or repeated nonsevere head injury ihegtti rapid brain swelling combined
with catecholamine surge following secondary noesevhead injury over a short
period! In mild head injury, brain vulnerability is causky neurometabolic changes in

glutamate and ions following changes in glucose abtsm?*° mitochondrial

dysfunction***? and oxidative stres$.These injuries are also found following brain
ischemia:**> which damages the blood-brain barrier (BBB) aratifeto dysfunctional
cerebral autoregulatiofi*®In our patient, complete reperfusion was achie&chours
from symptom onset, and a potentially large lesiorthe left hemisphere escaped

cerebral infarction with only small hemorrhagic ardtions. We consider this injury

“first impact”. Although postoperative MRI revealesinall infarctions, a large left
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hemisphere lesion would be damaged by ischemia rapdrfusion because BBB
damage begins as soon as 2 hours after the onssthafimia’ Also, administering
tissue-type plasminogen activator and mechanicalribectomy damages the BBB in
vessels feeding the left hemispH8reand might induce cerebral autoregulation
dysfunction on the left side. Before full recovdérgm ischemic damage, sepsis caused
by Gram-negative bacteria and SAH associated vaturrent massive hemorrhagic
infarction occurred in our patient. We considesttgecond impact”. A concern with
sepsis is that it may cause hyperperfuiopopolysaccharide, which is an endotoxin
produced by Gram-negative bacteria, could alsodadBBB breakdowr? and the
effects of sepsis on the brain are amplified irigmés with concomitant brain injufy.
Prothrombin times are often normal in patientshlm@rdpeutic doses of rivaroxaban, and
this test may be more informative at higher drugspia level$? In our patient,
prothrombin time was not prolonged; however, weemeot able to measure anti-Xa
activity. Therefore, to what degree rivaroxaban a$fected the recurrent massive
hemorrhagic infarction is unknown. Diffuse SAH asated with hemorrhagic
infarction might induce adrenal surge€® Although we saw no chronic ischemia or
chronic hypoperfusion in our patient, perfusion akterough phenomenon or
hyperperfusion might affect RMBS, and could alsplai our patient’s clinical course.
Perfusion breakthrough or hyperperfusion are rdlate cerebral autoregulation
dysfunction?”?® This impairment also occurs after acute reperfusiith IV tPA and
mechanical thrombectomy. Some AIS patients undeggeuccessful recanalization by
mechanical thrombectomy experienced intracraniaimdrehage secondary to
hyperperfusion, but no reports discuss severe taith swelling?® In addition to these

conditions, adrenal surge caused by SAH and hypegen by sepsis also might affect
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RMBS 242 Multiple factors could have contributed to RMBSour patient.
Conclusions

Acute ischemic stroke could be a cause of secom@dtsyndrome-like phenomenon.
When treating acute ischemic stroke, preventing ptmations and treating

comorbidities are important considerations.

Acknowledgment
We thank Jane Charbonneau, DVM, from Edanz Growpn(wdanzediting.com/ac) for

editing a draft of this manuscript.

Informed consent
Written informed consent was obtained from the gas family to publish this

manuscript.

References

1. Goyal M, Menon BK, van Zwam WH, et al. Endovascular thrombectomy after
large-vessel ischaemic stroke: a meta-analysis of individual patient data from five
randomised trials. Lancet. 2016;387(10029):1723-1731.

2. Connolly Sd, Ezekowitz MD, Yusuf S, et al. Dabigatran versus warfarin in patients
with atrial fibrillation. NV Engl J Med. 2009;361(12):1139-1151.

3. Patel MR, Mahaffey KW, Garg J, et al. Rivaroxaban versus warfarin in nonvalvular
atrial fibrillation. NV Engl J Med. 2011;365(10):883-891.

4. Granger CB, Alexander JH, McMurray JdJ, et al. Apixaban versus warfarin in
patients with atrial fibrillation. N Eng/ J Med. 2011;365(11):981-992.

5. Giugliano RP, Ruff CT, Braunwald E, et al. Edoxaban versus warfarin in patients
with atrial fibrillation. NV Engl J Med. 2013;369(22):2093-2104.

6. Sanossian N, Apibunyopas KC, Liebeskind DS, et al. Characteristics and Outcomes
of Very Elderly Enrolled in a Prehospital Stroke Research Study. Stroke.
2016;47(11):2737-2741.



10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

Yamaguchi

Wetjen NM, Pichelmann MA, Atkinson JL. Second impact syndrome: concussion and
second injury brain complications. JAm Coll Surg. 2010;211(4):553-557.

Schneider R. Head and Neck Injuries in Football: Mechanisms, Treatment, and
Prevention. Baltimore: Williams & Wilkins; 1973.

Obrenovitch TP, Urenjak J. Is high extracellular glutamate the key to excitotoxicity
in traumatic brain injury? o/ Neurotrauma. 1997;14(10):677-698.

Giza CC, Hovda DA. The Neurometabolic Cascade of Concussion. J Athl Train.
2001;36(3):228-235.

Vagnozzi R, Signoretti S, Tavazzi B, et al. Temporal window of metabolic brain
vulnerability to concussion: a pilot 1H-magnetic resonance spectroscopic study in
concussed athletes--part III. Neurosurgery. 2008;62(6):1286-1295; discussion
1295-1286.

Vagnozzi R, Tavazzi B, Signoretti S, et al. Temporal window of metabolic brain
vulnerability to concussions: mitochondrial-related impairment--part 1.
Neurosurgery. 2007;61(2):379-388; discussion 388-379.

Arundine M, Aarts M, Lau A, Tymianski M. Vulnerability of central neurons to
secondary insults after in vitro mechanical stretch. J Neurosci.
2004;24(37):8106-8123.

Chan PH. Role of oxidants in ischemic brain damage. Stroke. 1996;27(6):1124-1129.
Mitani A, Tanaka K. Functional changes of glial glutamate transporter GLT-1
during ischemia: an in vivo study in the hippocampal CAl of normal mice and
mutant mice lacking GLT-1. J Neurosci. 2003;23(18):7176-7182.

Markus HS. Cerebral perfusion and stroke. J Neurol Neurosurg Psychiatry.
2004;75(3):353-361.

Aries MdJ, Elting JW, De Keyser J, Kremer BP, Vroomen PC. Cerebral autoregulation
in stroke: a review of transcranial Doppler studies. Stroke. 2010;41(11):2697-2704.
Gasche Y, Copin JC, Sugawara T, Fujimura M, Chan PH. Matrix metalloproteinase
inhibition prevents oxidative stress-associated blood-brain barrier disruption after
transient focal cerebral ischemia. J Cereb Blood Flow Metab. 2001;21(12):1393-1400.
Brouns R, De Deyn PP. The complexity of neurobiological processes in acute
ischemic stroke. Clin Neurol Neurosurg. 2009;111(6):483-495.

Renu A, Laredo C, Lopez-Rueda A, et al. Vessel Wall Enhancement and
Blood-Cerebrospinal Fluid Barrier Disruption After Mechanical Thrombectomy in
Acute Ischemic Stroke. Stroke. 2017;48(3):651-657.

Masse MH, Richard MA, D'Aragon F, et al. Early Evidence of Sepsis-Associated
Hyperperfusion-A Study of Cerebral Blood Flow Measured With MRI Arterial Spin

10



Yamaguchi

Labeling in Critically Ill Septic Patients and Control Subjects. Criti Care Med.
2018;46(7):¢663-e669.

22. Camerer E. Endotoxemia rocks sphingolipid metabolism at the blood-brain barrier:
An Editorial Highlight for 'Alteration of sphingolipid metabolism as a putative
mechanism underlying LPS-induced BBB disruption' on page 172. J Neurochem.
2018;144(2):115-117.

23. Stocchetti N. Brain and sepsis: functional impairment, structural damage, and
markers. Anesth Analg. 2005;101(5):1463-1464.

24, Francart SJ, Hawes EM, Deal AM, et al. Performance of coagulation tests in
patients on therapeutic doses of rivaroxaban. A cross-sectional pharmacodynamic
study based on peak and trough plasma levels. Thromb Haemost.
2014;111(6):1133-1140.

25. Lee VH, Connolly HM, Fulgham JR, Manno EM, Brown RD, Jr., Wijdicks EF.
Tako-tsubo cardiomyopathy in aneurysmal subarachnoid hemorrhage: an
underappreciated ventricular dysfunction. JJ Neurosurg. 2006;105(2):264-270.

26. Lee VH, Oh JK, Mulvagh SL, Wijdicks EF. Mechanisms in neurogenic stress
cardiomyopathy after aneurysmal subarachnoid hemorrhage. Neurocrit Care.
2006;5(3):243-249.

217. Rangel-Castilla L, Spetzler RF, Nakaji P. Normal perfusion pressure breakthrough
theory: a reappraisal after 35 years. Neurosurg Rev. 2015;38(3):399-404; discussion
404-395.

28. van Mook WN, Rennenberg RJ, Schurink GW, et al. Cerebral hyperperfusion
syndrome. Lancet Neurol. 2005;4(12):877-888.

29. Kneihsl M, Niederkorn K, Deutschmann H, et al. Increased middle cerebral artery
mean blood flow velocity index after stroke thrombectomy indicates increased risk

for intracranial hemorrhage. J Neurointerv Surg. 2017.

Figurelegends

Figure 1. A: Initial diffusion-weighted magnetic resonance gea showing
hyperintensity in the left frontal lobe and posterlimb of the internal capsuld:
Initial left common carotid arteriography showedt lmternal arterial occlusionC:
Final internal carotid arteriography showing contpleeperfusion and an aneurysm at
the bifurcation of the left middle cerebral artefgrrow). D: Diffusion-weighted

magnetic resonance image on postoperative day (RGpwing hyperintensity in the

11
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left frontal lobe and internal capsulE: Susceptibility-weighted magnetic resonance
imaging on POD 2 showing hypointensity in the fedihtal lobe and left Sylvian fissure.
F.: Computed tomographic angiography on POD 3 showimgtenosis or reocclusion
of major vessels.

Figure 2. A, B: Computed tomography on postoperative day 5 shpwmcreased
subarachnoid hemorrhage (A) and massive hemorrimaties left frontal lobe (B)C:
Intraoperative view showing an unruptured aneurysriine left middle cerebral artery
(aneurysm (arrowhead); M1 (arrow]). Indocyanine green video angiography after
clipping showing the patent left middle cerebrakar (M1 (arrow)).E, F: Computed
tomographic imaging performed just after emerggetration showing midline shift and

severe brain edema in the left hemisphere.
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Highlights

Complications after reperfusion therapy could be critical.

Brain ischemiais a cause of subacute rapid brain swelling.

Rapid subacute brain swelling after reperfusion resembles second-impact syndrome.

Perfusion pressure breakthrough might affect rapid subacute brain swelling.
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