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Abstract

BACKGROUND: The safety and efficacy of brain parenchyma biopsy during minimally invasive
(MIS) intracerebral hemorrhage (ICH) clot evacuation has not been previously reported. The
objective of this study was to establish the safety and diagnostic efficacy of brain biopsy during
MIS ICH clot evacuation and to validate the modified Boston criteria as a predictor of cerebral
amyloid angiopathy (CAA) in this cohort.

METHODS: From October 2016 to March 2018, superficial and perihematomal biopsies were
collected for 40 patients undergoing MIS ICH clot evacuation and analyzed by the pathology
department to assess for various ICH etiologies. Additionally, the admission magnetic resonance
imaging or computed tomography scan of each patient was analyzed and evaluated for the
likelihood of a CAA etiology based on the modified Boston criteria. Student #test was used

to analyze intergroup differences in continuous variables, and a 2-tailed Fisher exact test was used
to determine intergroup differences of categorical variables, with significance set at £< 0.05.

RESULTS: Two of the 40 patients (5%) experienced postoperative rebleed. Four of the 40
patients (10%) had evidence of CAA on biopsy. Patients with CAA on biopsy were older (P=
0.005) and had a higher prevalence of parietal lobe (£=0.02) and occipital lobe (P= 0.001)
hemorrhage. The modified Boston criteria had a sensitivity of 100% (95% confidence interval
[CI], 39.6%-100%) and a specificity of 72.2% (95% CI, 54.6%-84.2%) for predicting CAA on
biopsy.
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CONCLUSIONS: Brain biopsy in MIS ICH clot evacuation is safe and allows for the diagnosis
of various ICH etiologies.
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INTRODUCTION

Intracerebral hemorrhage (ICH) is a devastating disease that accounts for 10%—-15% of all
stroke.l Despite many new clinical trials in the past 2 decades, little to no improvement has
been made in the mortality and morbidity of ICH.23 The 30-day mortality of ICH remains
roughly 40%-50% with the proportion of patients dependent at 6 months at approximately
75%, making it the deadliest and most debilitating form of stroke.2:4

There are many documented etiologies of ICH, including hypertension, cerebral amyloid
angiopathy (CAA), arteriovenous malformation, tumor, anticoagulant use, and illicit drug
use.8-9 Of these, hypertension carries the strongest risk of ICH, with a documented odds
ratio of 3.68 (95% confidence interval [CI], 2. 52-5.38).10 There is ample evidence that
CAA is associated with lobar ICH because a recent systematic review found an odds

ratio of 2.21 (95% Cl, 1.09-4.45).11 Since the publication of the Surgical Trial in Lobar
Intracerebral Haemorrhage trial in 2005, numerous clinical trials have evaluated the safety
and efficacy of a minimally invasive (MIS) approach, including Intraoperative Stereotactic
Computed Tomography-Guided Endoscopic Surgery, Minimally Invasive Surgery Plus
rt-PA for Intracerebral Hemorrhage Evacuation, Minimally Invasive Surgery Plus rt-PA
for Intracerebral Hemorrhage Evacuation 11, and Early MiNimally-invasive Removal of
IntraCerebral Hemorrhage.12-15 MIS surgery for ICH clot evacuation is now under active
evaluation and can provide a source of brain biopsy in ICH evacuation surgery. In previous
studies using an open biopsy technique, it has been advised that the site of the biopsy
should be proximate to the site of the disease process evident on patient imaging, with
data suggesting that diagnostic accuracy is improved when the leptomeninges, cortical, and
subcortical regions are all sampled.16

However, similar criteria for MIS ICH biopsy have not been reported because of the novelty
of the procedure. Tseng and Linl performed a hematoma biopsy of an ICH in stereotactic
surgery; however, the authors note that no brain parenchyma was included. In addition,
although MIS biopsy has been shown to cause fewer complications than open biopsy,
hemorrhage is still a potentially devastating complication.® In a cohort of patients with

ICH, this consideration is salient because rebleeding is associated with poor outcome.19-21 |t
is therefore crucial that if biopsy is performed during the MIS ICH, it is performed without
significant risk of intraoperative bleeding or postoperative rebleeding.

The purpose of this study is to establish the safety and efficacy of biopsy of brain
parenchyma during MIS ICH clot evacuation, to determine the prevalence of CAA in a
single-center MIS ICH cohort, and to validate the modified Boston criteria in this cohort.
The modified Boston criteria is a set of demographic and imaging criteria to determine
the probability of CAA etiology in a patient with ICH, including patient age of >55
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years; evidence of lobar, cortical, or cortical/subcortical hemorrhage; evidence of cortical
superficial siderosis; and absence of other causes.22:23

From October 2016 to March 2018, 40 consecutive patients undergoing MIS endoscopic
ICH evacuation via the stereotactic intracerebral hemorrhage underwater blood aspiration
(SCUBA\) technique were biopsied and retrospectively analyzed. Institutional review board
study approval and patient consent were obtained. The SCUBA technique involves a 2-phase
approach with the use of an aspiration device (Apollo or Artemis Device [Penumbra Inc.,
Alameda, California, USA]) inserted through the working channel of a Storz Lotta 3 port
endoscope (KARL STORZ Endoscopy-America, Inc., El Segundo, California, USA). In the
first phase, liquid and solid clot are aspirated with medium to high suction power beginning
in the distal portion of the hematoma and retracting toward the operator. In the second
phase, lactated ringer’s irrigation is infused continuously to prevent the hematoma cavity
from collapsing to permit endoscopic exploration, direct visualization of all cavity walls,
and cautery of bleeding vessels.24 The eligibility criteria for the SCUBA technique were as
follows: a hematoma volume >20 cm?3, a National Institutes of Health Stroke Scale score
>6, a Glasgow Coma Scale score >4, and a baseline modified Rankin scale score of 0-3.24
All cases that were not deemed suitable for endoscopic MIS ICH evacuation but required
evacuation because of neurologic impairment from mass effect were performed in an open
approach and not included in this analysis. All surgeries were performed by cerebrovascular
neurosurgeons (C.P.K. and/or J.M.).

Demographic and clinical data including age, sex, medical history, medications, urine
toxicology, and image findings were collected prospectively. During the SCUBA procedure,
one superficial and one perihematomal biopsy were collected for each patient and sent to
pathology for analysis.

Biopsy Collection Using the MIS Approach

During the MIS endoscopic ICH evacuation procedures, a 1.5-cm-diameter burr hole was
made (Figure 1A). Superficial and perihematomal biopsies were collected as follows. First,
after the incision of the dura mater (Figure 1B), a 2 x 1 mm superficial biopsy was
performed using a surgical Penfield Dissector #1 (Integra Life Sciences, Plainsboro, New
Jersey, USA) (Figures 1C and 2). Second, during stereotactic passage of the sheath through
the brain to the hematoma, passage was halted 5-10 mm from the hematoma edge along
the trajectory line. The introducer was removed and the endoscopic biopsy tool was inserted
through the working channel of the endoscope. A biopsy of nonvascular perihematomal
white matter was obtained (Figure 3). Then the introducer was reinserted, an image of the
stereotactic guidance screen was saved to mark the biopsy location, and the sheath passage
was continued along the trajectory line into the hematoma (Figure 4).

After the obtainment of the 2 samples, each specimen was immediately placed into saline
on the operating field. Samples were then transferred off the operating field and placed in
formalin for permanent sectioning analysis by the pathologist.

World Neurosurg. Author manuscript; available in PMC 2021 August 31.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lieber et al. Page 4

Pathologic Analysis

Immunohistochemical and histopathologic staining were performed to evaluate each sample
for various causes of ICH, specifically hypertensive changes, amyloid deposition on

vessel walls, tumor cells, vasculitic changes, and others. Evaluation for CAA included

the use of Congo red stain with apple-green birefringence (Figure 5) and beta-amyloid
immunohistochemical stain (Figure 6).

Validation of the Modified Boston Criteria for Predicting CAA Etiology in the MIS ICH
Patient

A blinded reviewer analyzed the magnetic resonance imaging (MRI) or computed
tomography (CT) scan of each biopsied patient to determine the likelihood that the patient’s
etiology was CAA. The criteria used to assess for probable CAA etiology consisted of

the following checklist points adopted from the modified Boston criteria: age >55 years;
single or multiple hemorrhages restricted to lobar, cortical, or cortico-subcortical regions;
and focal (restricted to <3 sulci) or disseminated (affecting at least 4 sulci) superficial
cortical siderosis. If an MRI was available, an MRI scan was used for the analysis. If not,

a CT scan was used. Superficial cortical siderosis was defined as linear residues of blood

in the superficial layers of the cerebral cortex.23:25.26 The first available scan following

the patient’s ICH was reviewed, and no postoperative images were analyzed. The image
reviewer was blinded to all of the identifying features of the patient, including name, date of
birth, sex, medical record number, address, and clinical history.

Statistical Analysis

A Student t test was used to determine intergroup differences in continuous variables,

such as age. A 2-tailed Fisher exact test was used to determine intergroup differences of
categorical variables. Statistical significance was set at P < 0.05. Additionally, sensitivities
and specificities were determined for the modified Boston criteria used with a Cl set at 95%.

RESULTS

Characteristics

Forty patients were identified who underwent brain biopsy during MIS ICH procedures
between October 2016 and March 2018. These patients had an average age of 62.7 years.
There were 25 men (63%) and 15 women (37%) enrolled. Five patients (13%) had a history
of prior ICH. Thirty-five patients (88%) had a history of hypertension, 10 patients (25%) had
diabetes mellitus, 3 patients had renal disease (8%), and 1 patient had liver disease (3%).
Eight patients (20%) were using at least 1 anticoagulant medication at baseline, 9 patients
were using at least 1 antiplatelet medication (23%), and 14 patients (35%) were using at
least 1 statin medication. Nine patients (23%) had a history of smoking, 3 patients had a
history of alcohol abuse (8%), and 2 patients had a history of cocaine abuse (5%) (Table 1).

Blinded Image Assessment

A total of 23 patients (58%) had MRI scans available for analysis. The rest of the patients
(n =17, 43%) did not have an MRI performed on admission; therefore, the first available
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CT scan was analyzed. For both MRI and CT scan, the analyzed scan was pre-operative,
with most scans performed at the central hospital and a minority of the scans performed at
an outside hospital prior to transfer. The distribution of hemorrhage location was as follows:
basal ganglia (n = 17, 43%), thalamic (n = 7, 18%), parietal (n = 3, 8%), temporal (n =

3, 8%), frontal (n = 3, 8%), occipital (n = 1, 3%), frontal and parietal (n = 1, 3%), fronto-
temporo-parietal (n = 2, 5%), temporo-parieto-occipital (n = 1, 3%), parieto-occipital (n =
1, 3%), and intraventricular only (n = 1, 3%). Nineteen patients (48%) had intraventricular
hemorrhage concomitant with a hemorrhage elsewhere. Fourteen patients (35%) had midline
shift evaluated on CT scan. Eleven patients (28%) had superficial siderosis identified on
MRI or CT scan, with 8 patients having focal superficial siderosis (<3 affected sulci) and

3 patients having disseminated superficial siderosis (involving =4 sulci). Fifteen patients
(38%) had concurrent subarachnoid hemorrhage identified on imaging, with 12 patients
having subarachnoid hemorrhage that extended from the ICH, 2 patients having remote
subarachnoid hemorrhage, and 1 patient having both. Finally, 16 patients (40%) had an
irregular ICH border (Table 2).

Thirty-eight out of the 40 patients (95%) experienced no rebleeding after MIS ICH and
biopsy. Of the 2 patients (5%) who experienced postoperative rebleeding, the first patient’s
rebleed was noted on routine postoperative day 1 imaging and did not result in any
neurologic decline. The patient experienced a reaccumulation of hemorrhage in the deep
extreme capsule in the posterior aspect of the hematoma cavity. The site of hematoma
reaccumulation correlated with a bleeding vessel that was identified on endoscopic
evaluation during the initial MIS procedure. The site of reaccumulated hemorrhage did

not correlate with the site of the brain biopsy. We think the reaccumulation of hemorrhage
for this patient was likely because of reactivation of the same vessel that was cauterized
during the evacuation. Because the patient did not suffer a neurologic decline associated
with this hemorrhage and it remained stable on follow-up imaging, the patient was managed
medically and did not require an additional operation.

The second patient’s rebleed was noted on routine postoperative imaging and did not

result in any change in neurologic examination. The patient was found to have a subgaleal
collection on examination. After CTH evaluation, the hemorrhage was thought to originate
from the subcutaneous tissue under the skin incision and had run into the evacuation cavity.
Given that the blood products extended from an extracranial source into the hematoma
cavity, it is unlikely that the bleeding originated from the brain biopsy site. There was no
evidence of hematoma cavity expansion on follow-up imaging, and the patient was managed
medically.

Histopathologic Sample Analysis

Four out of the 40 samples (10%) were determined to have amyloid on histopathologic
sample analysis. All analyzed samples had some degree of gliosis, with 23% of cases
estimated to have at least 50% gliosis. Additional pathologic biopsy results were as follows:
ischemic change (n = 5, 13%), hypertensive vasculopathy (n = 3, 8%), and arteriosclerosis (n
=2, 5%).
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Patients testing positive for CAA on biopsy had an average age of 78.3 £+ 5.4 years compared
with patients without CAA who had an average age of 61.0 + 11.3 years (P = 0.005).
Patients who were CAA positive had a higher prevalence of a previous cerebrovascular
accident (75%) versus patients without CAA (11%) (P = 0.01). Additionally, patients who
were CAA positive had a higher prevalence of hemorrhage involving the parietal lobe (P

= 0.02) and hemorrhage involving the occipital lobe (P = 0.001) than patients without

CAA. Fourteen out of 40 patients met possible CAA or higher requirements in the modified
Boston criteria, with all 4 patients with pathologic evidence of CAA included in this group.
Therefore, possible CAA of the modified Boston criteria had a sensitivity of 100% (95% ClI,
39.6%—-100%) and a specificity of 72.2% (95% CI, 54.6%-84.2%) for predicting a positive
CAA biopsy result. None of the patients with pathologic evidence of CAA experienced
rebleeding.

DISCUSSION

In this paper, we have demonstrated the safety and clinical utility of procuring superficial
and perihematomal brain biopsies during MIS endoscopic ICH evacuation. Given the dearth
of literature regarding the safety and efficacy of biopsy in this procedure, this study is
helpful in establishing the minimal risk of rebleeding and other side effects when performing
biopsies in this operative setting. Biopsy during ICH clot evacuation is an important tool
that may be used to rule out pathology such as CAA, arteriovenous malformation, and
tumor.27-29

We ultimately conclude that brain biopsy in our cohort is technically feasible with an
acceptable safety profile. Biopsies were performed under direct visualization, and no
patients had challenging intraoperative bleeding related to the biopsy. Although 2 patients
(5%) suffered postoperative rebleeding, this phenomenon is well documented in surgery for
ICH and is therefore more likely to be related to the underlying disease than the addition

of the biopsy in this series. Morgenstern et al.,20 for example, reported a postoperative
rebleeding rate of 40% in patients undergoing evacuation for ICH within 4 hours of the
original hemorrhage and 12% when undergoing surgery within 12 hours of the hemorrhage.
In phase 11 of the Minimally Invasive Surgery Plus Rt-PA for ICH Evacuation trial, which
compared conservative management of ICH (medical group) with MIS surgery + alteplase
(surgical group), patients in the surgical group had a rebleeding rate of 9% (5/54).12 In

the Intraoperative Stereotactic Computed Tomography-Guided Endoscopic Surgery trial, 3
out of 14 (21.4%) surgically treated patients experienced rebleeding within 72 hours of

the operation.24 In Miller et al.,30 stereotactic hematoma evacuation was compared with
medical management for ICH, with 20% of the surgical group experiencing rebleeding or
having hematoma expansion postoperatively. In a multicenter study of stereotactic aspiration
of ICH, Teernstra et al.3! reported rebleeding rates of 21.9% of the 70 analyzed patients.
Rebleeding is a major concern when performing surgery for ICH, particularly when using
MIS techniques. This concern for rebleeding has informed device, technique, and clinical
trial design for MIS ICH evacuation.
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Endoscopic biopsies of intraventricular masses serve as a comparison for technique and
complication rate. In 46 patients with intraventricular tumor of which 22 were biopsied,
Schroeder et al.32 reported that 2 patients (4%) suffered hemorrhage during the procedure.
However, it is unknown whether these 2 patients were among those biopsied.32 In the Peretta
et al. study33 of intracranial fluid-filled cavities in pediatric patients, 2 out of 19 biopsied
patients (11%) suffered hemorrhage. Finally, Depreitere et al.3* reported hemorrhage in 3
out of 31 patients (10%) undergoing endoscopic biopsy for intraventricular lesions. In these
series, however, the biopsied tissue is pathologic and would be expected to have a higher rate
of hemorrhage than the nonpathologic tissue biopsied during MIS ICH evacuation.

In this series of 40 MIS ICH patients, we found that 4 patients had evidence of CAA

on neuropathologic report for a rate of 10%. The diagnosis of CAA can be useful for

both assessing the intraoperative risk and postoperative risk of recurrent ICH. A previous
study has shown an ICH recurrence rate of 31.7% in patients with CAA ICH, with an
average follow-up time of 35.3 months, a rate much higher than that normally cited for
ICH recurrence in the normal population.3® In our cohort, 0 out of the 4 patients with CAA
(0%) rebled. Understanding patient populations at risk for rehemorrhage is an important
tool for doctor-patient counseling and identifying which patients need closer postoperative
management.

Although an amyloid diagnosis does not change treatment, it serves as a springboard in the
patient-doctor conversation to motivate patients to make lifestyle changes, such as blood
pressure control, smoking cessation, regular exercise, and abstinence from illicit drug abuse,
and adhere to medication. In addition, patients may have concurrent neurologic problems
unrelated to hemorrhage that benefit from biopsy, including various forms of dementia.

In our study, all 4 of the CAA ICH patients had lobar bleeds. We found that the most
common hematoma sites were the parietal and occipital lobes, with 3 out of 4 CAA ICH
patients (75%) having a bleed involving each respective location. Zhan et al.36 found the
parietal lobe to be the most common site in 41 patients with amyloid angiopathy hemorrhage
with a rate of 34%. However, one review suggested the occipital lobe to be the most frequent
site of amyloid angiopathy hemorrhage.3 Additionally, in pathologic biopsies of 10 cases of
CAA-related lobar hemorrhage, Li et al.3” found the most common hematoma site was the
temporal lobe (5/10). Given the small number of patients in our cohort, it is difficult to draw
any significant conclusions as to the prevalence of frontal, temporal, parietal, and occipital
hemorrhage locations.

Our study had several limitations. First, this study is a retrospective, single-center study.
Second, the small number of patients of this series may overestimate the safety and/or
clinical utility of performing biopsies during this procedure. Third, because inclusion in

our study required that a surgeon obtained biopsies from the superficial and perihematomal
regions for pathologic analysis, any patient with ICH who was not a surgical candidate or
did not undergo biopsy were excluded from the study, potentially selecting only low-risk
patients, favorable for biopsy, or those who were suspected to have an underlying pathologic
diagnosis. Finally, no control group was used that did not undergo a biopsy, which prevents
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comparison between biopsied and nonbiopsied patients to evaluate the true risks and benefits
of this procedure. However, we think that the low rebleeding rate in this series demonstrates
an acceptable safety profile for biopsy in the context of existing literature on rebleeding in
ICH and biopsy for brain masses.

CONCLUSIONS

In this study, we established the feasibility, safety, and utility of procuring diagnostically
valuable brain parenchymal biopsies during MIS endoscopic ICH evacuation. We
determined the prevalence of CAA to be 10% in this cohort, and the modified Boston
criteria was found to be a reliable predictor of CAA when performing biopsies during this
procedure.

Abbreviations and Acronyms

CAA Cerebral amyloid angiopathy

Cl Confidence interval

CT Computed tomography

ICH Intracerebral hemorrhage

MIS Minimally invasive

MRI Magnetic resonance imaging

SCUBA Stereotactic intracerebral hemorrhage underwater blood aspiration
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Figure 1.
Schematic of the burr hole procedure (A), the incision of the dura (B), and the collection

of a superficial biopsy at the gray/white matter junction (C). (Created by Amy Zhong at the
Mount Sinai Hospital and reproduced with permission.)
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Figure 2.
Photograph of a superficial biopsy collected for analysis during a minimally invasive

stereotactic intracerebral hemorrhage underwater blood aspiration procedure.
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Figure 3.
Collection of a deeper, perihematomal biopsy with the neuroendoscope in place. (Created by

Amy Zhong at the Mount Sinai Hospital and reproduced with permission.)
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Figure 4.
Perihematomal biopsy location is marked on the stereotactic guidance system (green doi),

after which the sheath passage is continued along the trajectory line into the hematoma.
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Figureb.
Congo red stain with apple-green birefringence (original magnification x40).
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Figure 6.

Beta-amyloid immunohistochemical staining (original magnification x20).
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Table 1.

Demographics

Total Non-CAA Group CAA Group

Characteristic (N =40) (n=36) (n=4) P Value
Average age 62.7 61+11.3 783+54 0.01
Female sex 15 (38) 15 (42) 0(0) 0.28
Hypertension 35 (88) 32 (89) 3 (75) 0.42
Diabetes mellitus 10 (25) 9(25) 1(25) >0.99
EtOH abuse 3(8) 2(6) 1(25) 0.28
History of smoking 9(23) 6 (17) 3(75) 0.03
Renal disease 3(8) 2 (6) 1(25) 0.28
Liver disease 1(3) 1(3) 0(0) >0.99
Anticoagulant at baseline 8 (20) 6 (17) 2 (50) 0.17
Antiplatelet at baseline 9(23) 8(22) 1(25) >0.99
Statin 14 (35) 12 (33) 2 (50) 0.60
Cocaine 2(5) 2(6) 0(0) >0.99

Values are number (%), mean + SD, or as otherwise indicated.

CAA, cerebral amyloid angiopathy; EtOH, ethanol.
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Imaging Characteristics

Table 2.

Total Non-CAA Group CAA Group
Characteristic (N =40) (n=36) (n=4) P Value
Intraventricular hemorrhage 19 (48) 17 (47) 2 (50) >0.99
Midline shift 14 (35) 13 (36) 1(25) >0.99
Superficial siderosis 11 (28) 8 (25) 3(75) 0.06
Focal (<3 sulci) 8 (20) 7(19) 1(25) >0.99
Disseminated (>3 sulci) 3(8) 1(3) 2 (50) 0.02
Subarachnoid bleeding 15 (38) 12 (33) 3(75) 0.14
Irregular ICH border 16 (40) 13 (36) 3(75) 0.28
Postoperative bleeding 2 (5) 2(6) 0(0) >0.99

Values are number (%) or as otherwise indicated.

ICH, intracerebral hemorrhage.
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