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Background: Basal ganglia hemorrhage (BG-ICH) and thalamic hemorrhage (TH-ICH)
have been historically grouped into a single “deep” hemorrhage group in prior studies.
We aimed to assess whether BG-ICH and TH-ICH have different optimal hematoma
volume cut points in predicting functional outcome.

Methods: Patients with BG-ICH and TH-ICH with no preexisting disabilities who were
enrolled in a single-center intracerebral hemorrhage (ICH) cohort study were studied. The
hematoma volume of patients who achieved modified Rankin Scale (mRS) of <2 and <3
at 3 months were compared between BG-ICH and TH-ICH groups. Receiver operating
characteristic (ROC) curves were created to determine the optimal hematoma volume
cut points in predicting 3-month mRS of <2 and <8 for BG-ICH and TH-ICH groups.

Results: A total of 135 (81 BG-ICH and 54 TH-ICH) patients were studied. The hema-
toma volume among those with 3-month mRS < 2 (BG-ICH: 9.5 + 5.4 cm?® vs. TH-ICH:
51 +4.9cm?d, p=0.01) and 3-month MRS < 3 (BG-ICH: 14.2 + 13.4 cm® vs. TH-ICH:
4.7 + 4.1 cm®, p = 0.001) were smaller in TH-ICH than BG-ICH. The area under the
ROC curve in predicting mRS < 2 was 0.838 for BG-ICH (optimal hematoma volume
cut point: 18.0 cm?®, sensitivity 72.1%, specificity 95.0%) and 0.802 for TH-ICH (optimal
hematoma volume cut point: 4.6 cm?®, sensitivity 83.8%, specificity 70.6%); and in pre-
dicting mRS < 3 was 0.826 for BG-ICH (optimal hematoma volume cut point: 28.8 cm?,
sensitivity 71.4%, specificity 93.8%) and 0.902 for TH-ICH (optimal hematoma volume
cut point: 5.5 cm3, sensitivity 92.9%, specificity 76.9%).

Conclusion: TH-ICH have smaller optimal hematoma volume cut points than BG-ICH
in predicting functional outcome.

Keywords: intracerebral hemorrhage, cohort study, prognosis, basal ganglia, thalamus

INTRODUCTION

Intracerebral hemorrhage (ICH) is a hemorrhagic stroke that results in disproportionately high
mortality and morbidity (1). Favorable functional outcome at 3 months is seen only in 21-31% of the
ICH population (2-4). Historically, basal ganglia hemorrhage (BG-ICH) and thalamic hemorrhage
(TH-ICH) have been aggregated into a “deep” or “non-lobar” hemorrhage category in prior outcome
prediction models (2, 4, 5).
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Although basal ganglia and thalamus share a similar “deep”
geographical location, their neuroanatomical functions differ
substantially. Basal ganglia consist of caudate nucleus, putamen,
globus pallidus, subthalamic nucleus, and substantia nigra and
serve as a major center in the complex extrapyramidal system.
The connections between basal ganglia and cortex help regulate
automatic and voluntary responses and play a role in the emo-
tional, motivational, associative, and cognitive motor planning
(6). Compared to basal ganglia, the thalamus is smaller in size
(approximately 3.0 cm X 2.0 cm X 2.0 cm), yet densely packed
with 50-60 nuclei (6). Thalamus is conceptually regarded
as a relay center for motor and sensory mechanisms, aware-
ness, attention, and other neurocognitive processes including
language and memory (6-8). Since thalamus has more neu-
rocognitive functions and more nuclei per volume than basal
ganglia, we hypothesized that hematoma volume cut point to
predict favorable functional outcome is smaller in TH-ICH than
BG-ICH.

MATERIALS AND METHODS

This study was approved by the University of Hawaii Institutional
Review Board and written informed consent was obtained from
the patient or legally authorized surrogate decision-maker.
A single-center, multiethnic prospective cohort study of ICH
patients (Queen Emma Stroke Study) was conducted from July
2011 to June 2016 at The Queen’s Medical Center (QMC) with a
primary aim to assess ethnic disparities in long-term functional
outcome after ICH. The inclusion and exclusion criteria and
study protocol have been previously published (9). Management
of ICH at QMC was in accordance with the most current
guidelines (10, 11) at the time of patient enrollment. Last patient
enrollment occurred in June 2015.

For this study, only those with BG-ICH and TH-ICH who
were enrolled in the cohort study were included in the analyses.
Patients lost to follow-up with no 3-month outcome data were
excluded. Those with preexisting disabilities [modified Rankin
Scale (mRS) > 0] were also excluded. Race was categorized as
Whites, Asians, Native Hawaiians and other Pacific Islanders,
or other. Clinical and radiographic information were abstracted
from the electronic medical records and were confirmed by the
patients, their family, or the treating medical team if needed.
Initial systolic blood pressure, diastolic blood pressure, and
Glasgow Coma Scale (GCS) score were obtained from the
medical record. Do-not-resuscitate (DNR) orders were defined
as any plan to limit cardiopulmonary resuscitation or mechani-
cal ventilation in the event of a cardiopulmonary arrest. Based
on the date/time of the DNR order entry, DNR status was cat-
egorized to “early DNR” (within 24 h of presentation) or “any
DNR” (DNR orders at any time during the hospitalization). All
head computed tomography (CT) scans were initially reviewed
by one of the physician investigators, and hematoma volume
was measured using the previously described ABC/2 method
(12). Presence of intraventricular hemorrhage (IVH) and ICH
neuroanatomical location were individually determined. To
determine the location of ICH, posterior limb of the internal
capsule was used as the anatomical border to differentiate

basal ganglia from thalamus in the axial view of the head CT
(anterior = basal ganglia; posterior = thalamus). When the
ICH involved more than one anatomical location, an estimated
location of the “epicenter” of the hematoma was used to classify
the ICH location. The “epicenter” was defined as the point where
the longest diameter (“A”) intersected the perpendicular longest
diameter (“B”) in the CT slice with the largest area of hemor-
rhage (ABC/2 method). Furthermore, when more than half of
the hemorrhage was seen posterior to the posterior limb of the
internal capsule, it was considered TH-ICH; and vice versa for
the BG-ICH. Outcome at 3 months was assessed by telephone
or in-person interview using a standardized, simplified mRS
questionnaire algorithm (13).

Statistical Analysis

The clinical and radiographic characteristics of the BG-ICH
group were compared with the TH-ICH group using the chi-
square test for categorical data, two-tailed t-test for normally
distributed, continuous variables, and Mann-Whitney U test
for nonparametric data. Receiver operating characteristic
(ROC) curves were created to determine the optimal hematoma
volume cut points, sensitivity and specificity in predicting
3-month mRS of <2 and <3 for BG-ICH and TH-ICH groups.
Data were analyzed using SPSS version 24.0 (SPSS IBM Inc.,
Chicago, IL, USA).

RESULTS

A total of 166 patients with deep hemorrhages were enrolled in
the cohort study between July 2011 and June 2015. Among them,
15 patients did not have 3-month outcome data and 16 patients
had baseline mRS > 0, and were excluded from the study. For the
final analyses, 135 patients with deep hemorrhages (81 BG-ICH
and 54 TH-ICH) with no preexisting disabilities were studied.
Overall, 37 patients (27.4%) achieved mRS < 2, 58 patients
(43.0%) achieved mRS < 3, and 46 patients (34.1%) patients were
dead at 3 months. Table 1 provides the clinical comparison of
BG-ICH and TH-ICH groups. TH-ICH patients were older, had
higher prevalence of hypercholesterolemia, secondary IVH, and
smaller hematoma volume. Median initial GCS was higher in
TH-ICH than BG-ICH.

The distribution of 3-month mRS were not significantly
different between BG-ICH (mRS: 0: 3.7%; 1: 16.0%; 2: 4.9%;
3: 14.8%; 4: 18.5%; 5: 4.9%; and 6: 37.0%) and TH-ICH groups
(mRS: 0: 1.9%; 1: 16.7%; 2: 13.0%; 3: 16.7%; 4: 11.1%; 5: 11.1%;
and 6:29.6%) (p = 0.39). The mean hematoma volume were sig-
nificantly smaller in TH-ICH than BG-ICH among those who
achieved mRS <2 at 3 months (mRS <2: BG-ICH: 9.5 + 5.4 cm®
vs. TH-ICH: 5.1 + 4.9 cm’, p = 0.01) and those who achieved
mRS < 3 at 3 months (mRS < 3: BG-ICH: 14.2 + 13.4 cm?
vs. TH-ICH: 4.7 + 4.1 cm’, p = 0.001). Although the mean
hematoma volume increased in the BG-ICH group when the
definition of a favorable outcome was changed from mRS < 2
to mRS < 3, a similar trend was not observed in the TH-ICH
group. When BG-ICH and TH-ICH were grouped together,
the area under the ROC curve was 0.797 [95% confidence
interval (CI): 0.724, 0.869] in predicting 3-month mRS < 2 and
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TABLE 1 | Clinical characteristics of basal ganglia and TH-ICH patients.

BG-ICH TH-ICH p Value

No. of patients 81 54
Age, years 55.1 +16.9 64.1 + 141 0.001
Female 33 (40.7) 17 (31.5) 0.28
Race 0.28

Whites 11 (13.6) 3(5.6)

Asians 48 (69.3) 39(72.2)

NHOPI 19 (23.5) 9(16.7)

Others 3(3.7) 3(5.6)
Married 43 (63.1) 32 (59.9) 0.75
No health insurance 18 (22.2) 6 (11.3) 0.11
Annual household income 27 (33.3) 14 (25.9) 0.36
<$15,000
Regular visit to a primary care 43 (565.1) 35 (70.0) 0.09
physician
Hypertension (known history) 63 (77.8) 49 (90.7) 0.05
Diabetes mellitus 19 (23.5) 15 (27.8) 0.57
Hypercholesterolemia 25 (30.9) 27 (50.0) 0.03
Coronary artery disease 4 (4.9) 5(9.3) 0.32
Atrial fibrillation 9(11.1) 7 (13.0) 0.74
Prior stroke 5(6.2) 8(14.8) 0.10
Obesity (BMI > 30 kg/m?) 35 (44.9) 15 (28.3) 0.06
Coagulopathy (INR > 1.5) 8(9.9 6(11.1) 0.82
Dementia 3(3.7) 2(3.7) 1.00
Methamphetamine abuse 18 (22.2) 5(9.3) 0.05
Initial SBP, mmHg 183.9 + 38.0 180.4 + 33.8 0.59
Initial DBP, mmHg 106.4 +27.0 101.6 +22.5 0.40
Initial GCS, median [IQR] 12[7,15] 15[7,15] 0.02
DNR order, early (<24 h) 15 (18.5) 6(11.1) 0.25
DNR order, any time during 29 (35.8) 19 (35.2) 0.94
hospitalization
IVH 30 (37.0) 35 (64.8) 0.002
Hematoma volume (cm?®) 44.4 + 491 13.8 +16.9 <0.0001

BG-ICH, basal ganglia hemorrhage; TH-ICH, thalamic hemorrhage; NHOPI, Native
Hawaiians and other Pacific Islanders;, BMI, body mass index; INR, international
normalized ratio; SBF, systolic blood pressure; DBR, diastolic blood pressure; GCS,
Glasgow Coma Scale; DNR, do-not-resuscitate; IVH, intraventricular hemorrhage.
Data are n (%), mean + SD, or median [IQR].

0.823 (95% CI: 0.754, 0.892) in predicting 3-month mRS < 3.
However, when BG-ICH and TH-ICH were analyzed individu-
ally, the area under the ROC curve improved (Table 2) sug-
gesting that the predictive power of hematoma size enhances
when the two groups are assessed separately. Based on the ROC
curve, the optimal hematoma volume cut points to achieve the
maximal sensitivity and specificity were 18.0 cm® for BG-ICH
and 4.6 cm® for TH-ICH in predicting mRS < 2; and 28.8 cm?
for BG-ICH and 5.5 cm® for TH-ICH in predicting mRS < 3 at
3 months.

DISCUSSION

Our study confirmed our hypothesis that TH-ICH has smaller
hematoma volume cut points than BG-ICH in predicting
favorable functional outcome. We used both mRS < 2 and
mRS < 3 to define favorable functional outcome since both
definitions have been used in ICH studies and may also have
different clinical significance. The hematoma volume cut point
of 30 cm?, which was initially derived by Broderick et al. (14)
to predict 30-day mortality after ICH and later validated by the

TABLE 2 | Association between hematoma volume and 3-month functional
outcome.

Area under the  Sensitivity Specificity Optimal hematoma

ROC curve (%) (%) volume cut point

(95% ClI) (em?)
BG-ICH
mRS <2 0.838 (0.752, 0.924) 721 95.0 18.0
mRS <3 0.826 (0.733, 0.918) 71.4 93.8 28.8
TH-ICH
mRS <2 0.802 (0.671, 0.933) 83.8 70.6 4.6
mRS <3 0.902 (0.824, 0.981) 92.9 76.9 5.5

ROC, receiver operative characteristic; Cl, confidence interval; BG-ICH, basal ganglia
hemorrhage; TH-ICH, thalamic hemorrhage; mRS, modified Rankin Scale.

ICH Score (3, 15, 16) and FUNC Score (2), has become the most
widely used hematoma volume cut point to predict outcome in
the clinical settings, regardless of the neuroanatomical location.
However, severely disabling outcome with a hematoma volume
of <30 cm® can be seen, especially after TH-ICH. A relatively
small hemorrhage in thalamus could involve highly dense
thalamic nuclei, and affect motor, sensory, and neurocognitive
functions.

The intent of this study was to provide preliminary data suggest-
ing the need to derive and validate more location-specific outcome
prediction models to enhance the clinicians’ ability to prognos-
ticate functional outcome after ICH. Prior ICH prognostication,
models were initially derived to predict mortality (3, 14, 15),
which was later applied to predict functional outcome. The FUNC
Score, which was created to predict functional outcome, also used
the hematoma volume cut point of <30, 30-60, and >60 cm’, after
basing the cut points from the Broderick’s model, which was
intended to predict mortality (14). The shortcomings of the two
most widely used formal prediction scores, ICH Score and FUNC
Score, were recently shown by Hwang et al. where the subjective
clinical judgment of the physicians with neurological expertise
were demonstrated to be superior than the two formal scores in
predicting 3-month mRS (17). It is possible that the physicians
in that study incorporated some knowledge of the fundamental
neuroanatomical differences between basal ganglia and thalamus
when predicting outcome.

In addition to providing short-term prognosis for the
patients and their families, the neurologists are often asked
to determine the likelihood of long-term disability after ICH.
Perhaps, these new hematoma volume cut points shown in our
study may help physicians prognosticate the patients’ chance
of functional independence with higher certainty. This could
be particularly useful in an environment with a shortage of
physicians with neurological expertise since the primary care
physicians or internists are frequently tasked to make these
determinations.

The strength of our study is that this is the first study to
specifically assess the relationship between hematoma volume
and functional outcome separately among the BG-ICH and
TH-ICH groups, making it more of a “location-specific” prog-
nostication approach, rather than creating a “one size fits all”
approach for all ICH. The limitation of our study is the small
sample size, and single-centered nature of the study, which
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may limit the generalizability of our results to other popula-
tions. Due to the small sample size that limited the number
of confounding variables that could be incorporated in the
multivariable model, we were unable to derive a new outcome
prediction model or enhanced ICH Score for BG-ICH and
TH-ICH. We did not assess the severity of IVH, the need
for ventriculostomy or ventriculoperitoneal shunt, and their
associated surgical complications, which may have impacted
the outcome. This was an exploratory study, and larger multi-
center study is needed to derive and validate the enhanced out-
come prediction models in BG-ICH and TH-ICH to confirm
our findings.

In conclusion, this study showed that TH-ICH has smaller
hematoma volume cut points than BG-ICH in predicting func-
tional outcome. The functional outcome after ICH may variably
manifest depending on the neuroanatomical location and high-
lights the importance of refining the previously established out-
come prediction models to provide more specific and applicable
tools that could be used in clinical settings.

ETHICS STATEMENT

This study was approved by the University of Hawaii Institutional
Review Board and written informed consent was obtained from
the patient or legally authorized surrogate decision-maker.

REFERENCES

1. Qureshi AI, Mendelow AD, Hanley DF. Intracerebral haemorrhage. Lancet
(2009) 373(9675):1632-44. doi:10.1016/50140-6736(09)60371-8

2. Rost NS, Smith EE, Chang Y, Snider RW, Chanderraj R, Schwab K, et al. Prediction
of functional outcome in patients with primary intracerebral hemorrhage: the
FUNC Score. Stroke (2008) 39(8):2304-9. doi:10.1161/STROKEAHA.107.
512202

3. Hemphill JC III, Farrant M, Neill TA Jr. Prospective validation of the ICH
Score for 12-month functional outcome. Neurology (2009) 73(14):1088-94.
doi:10.1212/WNL.0b013e3181b8b332

4. Koch S, Elkind MS, Testai FD, Brown WM, Martini S, Sheth KN, et al. Racial-
ethnic disparities in acute blood pressure after intracerebral hemorrhage.
Neurology (2016) 87(8):786-91. doi:10.1212/WNL.0000000000002962

5. Castellanos M, Leira R, Tejada J, Gil-Peralta A, Davalos A, Castillo J, et al.
Predictors of good outcome in medium to large spontaneous supratentorial
intracerebralhaemorrhages. ] Neurol Neurosurg Psychiatry (2005) 76(5):691-5.
doi:10.1136/jnnp.2004.044347

6. Herrero MT, Barcia C, Navarro JM. Functional anatomy of thalamus and
basal ganglia. Childs Nerv Syst (2002) 18(8):386-404. doi:10.1007/s00381-
002-0604-1

7. Engelborghs S, Marien P, Martin JJ, De Deyn PP. Functional anatomy, vas-
cularisation and pathology of the human thalamus. Acta Neurol Belg (1998)
98(3):252-65.

8. Johnson MD, Ojemann GA. The role of the human thalamus in language
and memory: evidence from electrophysiological studies. Brain Cogn (2000)
42(2):218-30. doi:10.1006/brcg.1999.1101

9. Nakagawa K, Vento MA, Ing MM, Seto TB. Racial disparities in
methamphetamine-associated intracerebral hemorrhage. Neurology (2015)
84(10):995-1001. doi:10.1212/WNL.0000000000001339

10. Morgenstern LB, Hemphill JC III, Anderson C, Becker K, Broderick JP,
Connolly ES Jr, et al. Guidelines for the management of spontaneous
intracerebral hemorrhage: a guideline for healthcare professionals from the
American Heart Association/American Stroke Association. Stroke (2010)
41(9):2108-29. d0i:10.1161/STR.0b013e3181ec611b

AUTHOR CONTRIBUTIONS

KN participated in the conception and design of the study, the
acquisition of data, the analysis and interpretation of data, and
was responsible for drafting and finalizing the manuscript. SK
participated in the acquisition of data and helped to draft and
finalize the manuscript. TS participated in the study supervision,
analysis and interpretation of data, and was responsible for draft-
ing and finalizing the manuscript.

ACKNOWLEDGMENTS

The authors thank Megan Vento, BS, Marissa Ing, MSW, Tracy Stern,
RN, and Denise Dittrich, RN from The Queen’s Medical Center
Neuroscience Institute for study coordination, and University of
Hawai'i RMATRIX for assistance with database design.

FUNDING

This study was supported in part by the National Institute on
Minority Health and Health Disparities of the NIH (P20MD000173
and U54MD007584) and in part by the American Heart Association
(11CRP7160019). The content is solely the responsibility of the
authors and does not necessarily represent the official views of the
NIH or American Heart Association.

11. Hemphill JC III, Greenberg SM, Anderson CS, Becker K, Bendok BR,
Cushman M, et al. Guidelines for the management of spontaneous intracere-
bral hemorrhage: a guideline for healthcare professionals from the American
Heart Association/American Stroke Association. Stroke (2015) 46(7):2032-60.
doi:10.1161/STR.0000000000000069

12. Kothari RU, Brott T, Broderick JP, Barsan WG, Sauerbeck LR, Zuccarello M,
et al. The ABCs of measuring intracerebral hemorrhage volumes. Stroke
(1996) 27(8):1304-5. doi:10.1161/01.STR.27.8.1304

13. Bruno A, Shah N, Lin C, Close B, Hess DC, Davis K, et al. Improving modi-
fied Rankin Scale assessment with a simplified questionnaire. Stroke (2010)
41(5):1048-50. doi:10.1161/STROKEAHA.109.571562

14. Broderick JP, Brott TG, Duldner JE, Tomsick T, Huster G. Volume of intrace-
rebral hemorrhage. A powerful and easy-to-use predictor of 30-day mortality.
Stroke (1993) 24(7):987-93. doi:10.1161/01.STR.24.7.987

15. Hemphill JC III, Bonovich DC, Besmertis L, Manley GT, Johnston SC. The
ICH Score: a simple, reliable grading scale for intracerebral hemorrhage.
Stroke (2001) 32(4):891-7. doi:10.1161/01.STR.32.4.891

16. Clarke JL, Johnston SC, Farrant M, Bernstein R, Tong D, Hemphill JC III.
External validation of the ICH Score. Neurocrit Care (2004) 1(1):53-60.
doi:10.1385/NCC:1:1:53

17. Hwang DY, Dell CA, Sparks MJ, Watson TD, Langefeld CD, Comeau ME,
et al. Clinician judgment vs formal scales for predicting intracerebral
hemorrhage outcomes. Neurology (2016) 86(2):126-33. doi:10.1212/WNL.
0000000000002266

Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Copyright © 2018 Nakagawa, King and Seto. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner are credited and that the original publication in
this journal is cited, in accordance with accepted academic practice. No use, distribu-
tion or reproduction is permitted which does not comply with these terms.

Frontiers in Neurology | www.frontiersin.org

May 2018 | Volume 9 | Article 291


https://www.frontiersin.org/Neurology/
https://www.frontiersin.org
https://www.frontiersin.org/Neurology/archive
https://doi.org/10.1016/S0140-6736(09)60371-8
https://doi.org/10.1161/STROKEAHA.107.
512202
https://doi.org/10.1161/STROKEAHA.107.
512202
https://doi.org/10.1212/WNL.0b013e3181b8b332
https://doi.org/10.1212/WNL.0000000000002962
https://doi.org/10.1136/jnnp.2004.044347
https://doi.org/10.1007/s00381-
002-0604-1
https://doi.org/10.1007/s00381-
002-0604-1
https://doi.org/10.1006/brcg.1999.1101
https://doi.org/10.1212/WNL.0000000000001339
https://doi.org/10.1161/STR.0b013e3181ec611b
https://doi.org/10.1161/STR.0000000000000069
https://doi.org/10.1161/01.STR.27.8.1304
https://doi.org/10.1161/STROKEAHA.109.571562
https://doi.org/10.1161/01.STR.24.7.987
https://doi.org/10.1161/01.STR.32.4.891
https://doi.org/10.1385/NCC:1:1:53
https://doi.org/10.1212/WNL.
0000000000002266
https://doi.org/10.1212/WNL.
0000000000002266
https://creativecommons.org/licenses/by/4.0/

	Optimal Hematoma Volume Cut Points to Predict Functional Outcome After Basal Ganglia 
and Thalamic Hemorrhages
	Introduction
	Materials and Methods
	Statistical Analysis

	Results
	Discussion
	Ethics Statement
	Author Contributions
	Acknowledgments
	Funding
	References


