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Association between serum glucose level and
spot sign in intracerebral hemorrhage
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Abstract N\
Hyperglycemia was proved to cause neuron death in both animal experiments and poor outcome of hemorrhage patients, but the |
predictive ability of admission blood glucose level for early hematoma growth in patients with intracranial hemorrhage (ICH) is still
controversial. Spot sign is a well-established imaging predictor for early hematoma growth, implying active microvascular bleeding.
Here, we aim to assess associations between admission serum glucose and early hematoma expansion in ICH patients, as well as
spot sign.

We retrospectively reviewed all the patients with ICH from January 2017 to March 2018 in West China Hospital, Sichuan University.
Admission blood glucose, clinical variables, radiological characteristics, and laboratorial parameters were obtained from medical
record. According to computed tomography (CT) and computed tomography angiography (CTA) scan results, hematoma expansion
and spot sign were identified by 2 experienced neuroradiologists. Multivariate logistic regression analyses were employed to adjust
the associations of hematoma expansion and spot sign with other clinical parameters.

Around 42 patients exhibited early hematoma expansions and 26 exhibited spot signs over 138 enrolled patients. The average
level of admission blood glucose was 7.55mmol/L. Multivariate logistic regression analyses revealed that Glasgow Coma Scale
(GCS) score on admission, hematoma volume, spot sign, and hyperglycemia were associated with hematoma expansion, whereas
admission serum glucose and hematoma size were only associated with spot sign, respectively.

Admission blood glucose level is correlated with hematoma growth and incidence of spot sign. These results indicated that
hyperglycemia probably plays a critical role in the pathological process of the active bleeding. Further studies should be drawn
urgently to understand the potential molecular mechanism of systemic hyperglycemia in affecting prognosis of patients with ICH.

Abbreviations: APTT = activated partial thromboplastin time, AUC = area under the curve, Cl = confidence interval, CT =
computed tomography, CTA = computed tomography angiography, HE = hematoma expansion, ICH = intracerebral hemorrhage,
ICH = intracranial hemorrhage, INR = international normalized ratio, IQR = interquartile range, IVH = intraventricular hemorrhage, OR
= odds ratio, PLT = platelet count, PT = prothrombin time, ROC = receiver operating curve, SAH = Subarachnoid hemorrhage, sICH

= spontaneous intracranial hemorrhage.
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1. Introduction

Intracranial hemorrhage (ICH) is a disastrous healthcare issue that
accounts for 15% to 30% of patients with stroke.! It is well
documented that both increased blood glucose!®! and early
hematoma expansion'®! could be used to predict the morbidity
and mortality of ICH patients; however, the conclusions from
previous studies in regard to the relationship between hyperglyce-
mia and early hematoma growth are still under debate due to the
lack of evidence from clinical studies.”>®! Experimental studies
indicated that hyperglycemia could accelerate the brain blood
barrier damage, impair microvascular integrity of vessels adjacent
to the initial bleeding site, as well as promot continuous
bleeding.[”#! We preciously demonstrated that admission hyper-
glycemia of ICH patients could predict the existence of island sign,
which is considered as a novel nonenhanced computed tomogra-
phy (NCCT) based imaging feature to indicate hematoma
expansion.””] However, whether there is correlation between
admission blood glucose level and computed tomography
angiography (CTA) spot sign is still unrevealed in ICH patients.
As a well-established imaging parameter for predicting early
hematoma growth, spot sign is also proposed to reflect active
bleeding or ongoing bleeding.!'*'*! Compared to island sign from
NCCT, spot sign exhibits better predictive ability for hematoma
expansion (sensitivity even reached to 91%, specificity 89%)"°!
and stronger association with active bleeding (sensitivity 46 %,
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Figure 1. lllustration of spot sign and island sign. (A) Unenhanced CT shows an intracerebral hemorrhage of left occipital lob, and the CTA demonstrates spot signs
presenting as enhancement foci within main hematoma (arrow) (75-year old female). (B) A 54-year old individual presenting a mild hemorrhage and CTA imaging
shows a spot sign within the main hematoma (arrow). (C) A right basal ganglia hemorrhage was found in a 63-year old male patient. The hematoma consists of 4
separate adjacent small hematomas which were identified as island sign (arrowheads) in unenhanced CT. Note that a spot-like foci of enhancement which is located
around a small hematoma but not within the main hematoma is NOT considered as spot sign (arrowheads). CTA=computed tomography angiography.

specificity 88%).1"3! Furthermore, spot sign is usually applied as a
golden standard image parameter for examining predictive values
of some NCCT parameters.''*™'” Here, we aim to understand the
relationship between admission blood glucose level and spot sign in
patients with ICH, as well as the hematoma expansion
and prognosis.

2. Patients and methods

2.1. Patient selection

All the spontaneous ICH patients involved in this retrospective
study were from China and admitted in West China Hospital
between January 2017 and March 2018. The inclusion criteria
were as follows: Spontaneous intracranial hemorrhage was
confirmed by computed tomography (CT); CTA and CT scans
were performed within 6 hours after the symptoms onset, follow-
up CT were performed within 24 hours. Admission serum glucose
level was obtained within 24 hours from ictus of ICH; Age>18
years old. Patients were excluded: if secondary ICH resulted from

tumor, aneurysm, trauma and arteriovenous malformation or
Moyamoya disease was found; Follow-up CT scan was
unavailable; anticoagulants or antiplatelet treatments were found
in medical history; hematoma evacuation was performed prior to
follow-up CT; Medical history showed a stroke attack within 6
months before ICH onset. Patients or their guardians refused to
sign the informed consent for this study.

The Ethics Committee of West China Hospital approved this
study and all the patients or their guardians signed informed
consents. This study was also conducted in accordance with
relevant regulations of Sichuan University. All the data are
available by contacting the corresponding author.

2.2. Clinical data

We retrospectively reviewed all the clinical parameters, including:
age, gender, family history of ICH, cerebral infarction or
aneurysm, blood pressure, cigarette use, alcohol abuse, hyper-
tension and diabetes. The laboratory variables are prothrombin
time (PT), activated partial thromboplastin time (APTT),
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international normalized ratio (INR), and admission serum
glucose level.

2.3. Imaging data

Two experienced neuroradiologists independently reviewed all
the CTA scans. Both of them were blind to the clinical conditions
of patients. Any discrepancy between 2 reviewers was settled by
joint discussion. Imaging features were evaluated from initial
CTA and CT, as well as follow-up CT scan, including hematoma
site and volume, subarachnoid hemorrhage (SAH), intraventric-
ular hemorrhage (IVH), cerebral infarction, and spot sign.
Hematoma volume was calculated by ABC/2 method."'®!
Hematoma growth was defined as a relative increase in
hematoma volume (above 33%) or more than 12.5 mL of
absolute hematoma volume growth on follow-up CT."*! The spot
sign was defined as more than 1 spot-like foci of enhancement
found from CTA scan. The diameter of the contrast density is 1 to
2mm, which could be easily identified by visual inspection
(Fig. 1).

2.4. Statistical analysis

Continuous data was presented as the mean+standard deviation
and compared using the independent #-test. Discontinuous
variables were described as median with interquartile range
(IQR) and analyzed by Mann—Whitney U test. Categorical values
were presented as frequency with percentage and analyzed by
Chi-square test or Fisher’s exact test. Clinical data, laboratorial
parameters, and/or imaging marker were compared between
patients with or without spot sign(s). The variables with P <.10
from univariate analysis were then included in the multivariable
regression analysis to explore association of admission hyper-
glycemia on spot sign. The inter-observer reliability of spot sign
was determined by K value. Receiver-operator analysis was
performed to estimate the predictive value of admission
hyperglycemia for hematoma expansion, as well as spot sign.
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The variables were considered statistically significant if P <.05.
Statistical analyses were performed by using SPSS software
(Version 23.0).

3. Results

In the present study, 138 cases from January 2017 to March
2018 were retrospectively reviewed, including 98 males and 40
females. The average age of those patients was 62.33 +11.49
with a range from 37 to 88 years old. The mean hematoma
volume over all patients was 28.21+13.96 mL. Based on the
electronic records, the average admission blood glucose over
all patients was 7.55 mmol/L (95%CI: 7.07- 8.04) and mean
time interval from symptom ictus to CT scan was 3.98 +2.06
hours. Supratentorial hematomas and infratentorial hemato-
mas were observed in 123 and 16 patients, respectively. Early
hematoma growths were present in 42 patients with ICH,
whereas spot signs were observed in 26 of them. Around 6
cases were raised for discussion between the 2 neuroradiol-
ogists to determine the presence of spot sign (Spot location
outside hematoma in 1 case while foci of enhancement could
not be detected by visual inspection easily in 5 cases). The K
value for evaluating inter-observer reliability of spot sign was
90.4%, indicating satisfactory inter-observer agreement be-
tween the 2 readers.

The baseline of clinical variables for patients with or without
early hematoma growths are listed in Table 1. Moreover,
comparisons between selected clinical characteristics in ICH
patients with or without spot signs are presented in Table 2. In
spite of the statistical significance, ICH patients with spot signs
exhibited higher prevalence of mellitus (P=.06) and lower
incidence of ischemic medical history (P=.08) than patients
without spot sign. Meanwhile, no significant difference was
found in gender (P=.38), hypertension (P=.44), Mean arterial
pressure (P=.45), smoking (P=.43), alcohol abuse (P=.78),
platelet count (P=.86), PT (P=.85), APTT (P=.69) or INR
(P=.68).

Clinical characteristics related to hematoma expansion in patients with ICH.

Characteristic Baseline (n=138) Patients with HE (n=42) Patients without HE (n=96) P
Male 98 (71.0) 32 (76.2) 66 (68.8) 375
Age, years 62.33+11.49 63.14+11.89 61.97+11.36 583
Systolic blood pressure, mm Hg 165.26 +30.86 163.19+29.77 166.18+31.44 603
Diastolic blood pressure, mm Hg 98.01+18.82 96.52 +19.31 98.65+18.67 542
Mean arterial pressure, mm Hg 120.17 +21.38 118.06 +21.80 121.10+21.25 445
Medical history
Hypertension 72 (52.2) 24 (57.1) 48 (50.0) 44
Diabetes mellitus 13 (9.4) 8 (19.0) 5(5.2) 01*
Ischemic stroke 12 8.7) 2 (4.8 10 (10.4) 278
Smoker 62 (44.9) 21 (50.0) 41 (42.7) 428
Alcohol (>3 drinks per 24hours) 55 (39.9) 16 (38.1) 39 (40.6) 781
Time to CTA, hours 3.98+2.06 3.32+1.94 4.28+2.06 011%
GCS score on admission 10 (7, 13) 9 (7, 9.25) 11 (7.25, 13) <.001*
Hematoma volume, mL 28.21+13.96 37.06+11.57 24.33+13.17 <.001*
Presence of SAH 44 (31.9) 17 (40.5) 27 (28.1) 152
Presence of IVH 23 (16.7) 6 (14.3 17 (17.7) 62
Hydrocephalus 17 (12.3) 8 (19.0) 9 9.4 112
Supratentorial hematoma 123 (89.1) 38 (90.5) 85 (88.5) 737
Spot sign 26 (18.9) 22 (52.4) 4(4.2) <.001*
Platelet count (10%L) 180.89 +59.94 182.24 +48.96 180.30 +64.39 862
PT, seconds 11.34+1.75 11.39+1.54 11.32+1.84 .847
APTT, seconds 28.96+3.03 29.11+£2.55 28.89+3.22 697
INR 0.93 (0.87, 0.97) 0.90 (0.84, 0.96) 0.94 (0.88, 0.97) 675
Blood glucose, mmol/L 7.55+2.87 8.79+3.68 7.01+2.26 .001*

Data are expressed as n (%), mean+standard deviation and median (interquartile range) as appropriate.
APTT =activated partial thromboplastin time, GCS = Glasgow coma scale, HE =hematoma expansion, INR=international normalized ratio, IVH=intraventricular hemorrhage, PT = prothrombin time, SAH=

subarachnoid hemorrhage.
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Clinical characteristics related to spot sign in patients with ICH.
Characteristic Patients with spot sign (n=26) Patients without spot sign (n=112) P
Male 21 (80.8) 77 (68.8) 22
Age, years 58.31+12.58 63.26 +11.08 047"
Systolic blood pressure, mm Hg 160.69+30.58 166.33+30.97 4
Diastolic blood pressure, mm Hg 96.81+19.95 98.28 +18.62 72
Mean arterial pressure, mm Hg 117.20+22.55 120.86+21.15 43
Medical history
Hypertension 11 (42.3) 61 (54.5) .26
Diabetes mellitus 5(19.2) 8 (7.1) .06
Ischemic stroke 0 (0.0 12 (10.7) .08
Smoker 13 (50.0) 49 (43.8) .56
Alcohol (>3 drinks per 24hours) 12 (46.2) 43 (38.4) A7
Time to CTA, hours 3.36+1.89 413+2.08 .09
GCS score on admission 8.5 (7, 12.25) 10 (7, 13) 11
Hematoma size, mL 34.14+13.18 26.83+13.83 016"
Presence of SAH 11 (42,9 33 (29.5) 21
Presence of IVH 3 (11.5) 20 (17.9) 44
Hydrocephalus 6 (23.1) 11 9.9 .06
Supratentorial hematoma 24 (92.3) 99 (88.4) .56
Platelet count (10%/L) 190.42+49.37 178.68 +£62.12 37
PT, seconds 11.16+1.61 11.38+1.78 .55
APTT, seconds 28.96+2.42 28.96+3.16 .99
INR 0.89 (0.81, 0.97) 0.93 (0.87, 0.97) A7
Hematoma expansion 22 (84.6) 20 (17.9) <.001"
Blood glucose, mmol/L 10.43+3.62 6.88+2.20 <.001"

Data are expressed as n(%), meanzstandard deviation and median (interquartile range) as appropriate.

APTT =activated partial thromboplastin time, GCS = Glasgow coma scale, INR=international normalized ratio, IVH=intraventricular hemorrhage, PT=prothrombin time, SAH=subarachnoid hemorrhage.

" Indicates P< .05.

ICH patients with hematoma expansions showed significantly
shorter interval from onset to initial CTA scan, lower GCS score
on admission, larger hematoma size, higher blood glucose level
and existence of spot sign. Univariate analysis also indicated that
younger age, larger hematoma size and admission hyperglycemia
were associated with the prevalence of spot signs. No preference
of spot sign was observed in different hemorrhage locations
(Supratentorial vs. infratentorial hemorrhage, P=.56, Table 2).
Multivariable analyses were performed when P value of
univariate analyses is below 0.10. Multivariate analysis revealed
that GCS score, hematoma volume, spot sign and admission
blood glucose levels could independently predict early hematoma
growth (Table 3). In addition, after the adjustment of potential
confounders, only admission blood glucose levels and hematoma
size could predict the spot sign (Table 4).

Receiver operating characteristic analyses were then preformed
to assess the predictive value of admission blood glucose levels on
early hematoma growth and spot sign. Spot sign produced a
slightly better ability to predict early hematoma expansion

compared to admission hyperglycemia without statistical
significance (area under the curve [AUC] 0.741 vs AUC 0.661,
P=.07, Fig. 2). Interestingly, admission hyperglycemia displayed
an excellent predictive ability for spot sign (cut-off point 8.28,
sensitivity 80.77%, specificity 83.04%, positive predictive value
52.5, negative predictive value 94.9, AUC 0.846, P<.001,
Fig. 3).

4. Discussion

According to our results, elevated admission blood glucose levels
independently predicts spot sign, which is associated with early
hematoma expansion. Furthermore, hyperglycemia also exhib-
ited a comparable predictive value to spot sign in predicting
hematoma expansion. This conclusion firstly revealed the
potential predictive ability of admission serum glucose levels in
spot sign, as well as prognosis of patients with ICH.

Previous studies reported one-third of patients with ICH
presented significant hematoma growth and absolute hematoma

Multivariable logistic regression of spot sign and blood glucose on hematoma expansion after ICH.

Crude Model 1 (Spot sign) Model 2 (Blood glucose)
Characteristic OR (CI) P OR (CI) P OR (CI) P
Time to CTA 0.774 (0.631-0.949) .01 0.899 (0.661-1.223) 498 0.902 (0.703-1.155) 413
GCS score on admission 0.768 (0.663-0.890) <.001 0.695 (0.561-0.862) .001 0.734 (0.611-0.882) .001
Hematoma volume 1.080 (1.044-1.117) <.001 1.074 (1.031-1.119) .001 1.069 (1.034-1.105) <.001
Diabetes Lnellitus 4.282 (1.310-14.003) .02 6.138 (1.005-37.491) .049 3.107 (0.556-17.361) 197
Spot sign 25.300 (7.853-81.513) <.001 33.583 (7.829-144.056) <.001 — —
Serum glucose 1.236 (1.081-1.413) 0 — — 1.290 (1.106-1.505) .001

Cl=confidence interval, CTA=computed tomography angiography, GCS= Glasgow coma scale, ICH= ntracranial hemorrhage, OR=odds ratio.

*Adjustment by time interval from onset to initial CTA, GCS score, hematoma volume, and diabetes.
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Associations of admission blood glucose with island sign in patients with ICH.

Crude Adjustment

Characteristic OR (CI) P OR (CI) P

Age 0.961 (0.924-1.001) 051 0.958 (0.881-1.002) 077
Diabetes mellitus 3.095 (0.921-10.398) .068 0.165 (0.025-4.881) .062
Time to CTA, hours 0.814 (0.640-1.035) .093 0.927 (0.661-.1300) .662
GCS score 0.927 (0.856-1.016) .096 0.803 (0.621-1.038) .093
Hematoma volume 1.038 (1.006-1.071) 019 1.046 (1.004-1.090) .032
Blood glucose# 1.494 (1.252-1.784) <.001 2.005 (1.487-2.704) <.001

Cl=confidence interval, CTA=computed tomography angiography, ICH=intracranial hemorrhage, OR=odds ratio.

Adjustment by age, diabetes, time interval from onset to initial CTA, GCS score and hematoma volume.

expansion was observed in more than 70% patients.'”*°! The
predictors for hematoma expansion and the predictive value of
hyperglycemia after ICH captured a host of attention for the past
2 decades since both hematoma growth and increased blood
glucose level were potentially preventable. Numerous evidence
has shown hyperglycemia*'™>*! and hematoma expansion/?+-2¢!
are associated with adverse outcome in patients with ICH.

As a novel imaging feature, spot sign was firstly identified by
Wada et al'® to predict early hematoma expansion, and the
existence of spot sign was further confirmed to correlate with
unfavorable prognosis of ICH patients.['!122728] Nowadays,

accumulating evidence from neuroradiology studies reveal that
spot sign could be considered as a golden standard to evaluate the
predictive abilities of NCCT signs (such as island sign, black hole
sign, blend sign) in ICH filed.['*131617] Nevertheless, not all the
ICH patients with hematoma growth had spot signs among
whole Chinese population!*'®! and the exact underlying
mechanism is still unrevealed. On the other hand, although
most studies agree that increased serum glucose are associated
with poor outcome in patients with ICH,*>*°! there are
conflicting results!>®2¢-397321 regarding the association of
hyperglycemia on early hematoma growth. Besides, the research
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Figure 2. Receiver operating characteristic curves of blood glucose and spot sign with their corresponding areas under the curve (AUC) for predicting early
hematoma growth. The best cut-off points were identified with their sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV),

respectively.
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Figure 3. Receiver operating characteristic curves of admission blood glucose
for predicting spot sign. The areas under the curve (AUC), sensitivity, specificity,
positive predictive value (PPV) and negative predictive value (NPV) of serum
glucose for predicting island sign were 0.828,80.77%, 83.04%, 52.50%,
94.90%, respectively. AUC = area under the curve, NPV =negative predictive
value, PPV =positive predictive value.

concerning the relationship between blood glucose and hemato-
ma expansion are still lacking. Our retrospective studies revealed
that other than the predictive ability on early hematoma growth,
admission blood glucose levels are also associated with the
existence of spot sign. Spot sign has been proposed to reflect
contrast extravasation on cerebrovascular angiography and to
indicate active bleeding."®! Following which, data from previous
experimental studies may explain the plausible mechanisms of
how hyperglycemia increased active bleeding and is associated
with spot sign.

Firstly, hyperglycemia accelerated breakdown of the BBB,
impaired the surrounding vessels integrity and promoted
continuous or emerging bleeding, can be reflected via existence
of spot sign.[1%11:2%28:331 Gecondly, it is well documented that
hyperglycemia is one of the most important triggers of oxygen-
free radical generation and inflammation, thus leading to
microvascular integrity damage and early hematoma expan-
sion.!>3*3¢! Eyrthermore, glucose-lowering therapy could effi-
ciently reduce the expansion of hematoma volume. Combined
with our findings, we believe admission hyperglycemia of ICH
patients could partially reveal higher risk of hematoma expansion
and active bleeding (contrast extravasation on CTA), as well as
the existence of spot sign.

Actually, we could not exclude the possibility that hyperglyce-
mia was induced by stress after ICH ictus.>”! Results from
INTERACT 2 study' prompted that higher blood glucose levels
was associated with worse clinical situation at nadir of ICH
patients. Here, ICH patients with higher admission serum glucose
levels were observed to have lower GCS scores and larger
hematomas volumes. Overall, associating admission hyperglyce-

Medicine

mia with spot sign could be considered as an easily available
factor for predicting outcomes of ICH patients in the developing
countries and/or financial-challenged regions.

Lastly, there are still several limitations in our retrospective
studies. First of all, as a retrospective cohort research, we only
obtained relatively small sample size from a single institution.
Secondly, hematoma size was calculated with ABC/2 methods,
which is a less accurate way than CT planar technology.
Additionally, some involved ICH patients could not provide the
medication history, which might affect the blood test results
thus leading to an inaccurate calculation of its predictive ability
(e.g., Selective Serotonin Reuptake Inhibitor, SSRI). Other than
that, all enrolled patients are from West China Hospital, which
only takes patients with emergency situations. Therefore, we
could not exclude the possibility that all enrolled patients
might have relatively severe symptoms at nadir compared to
other studies.

In conclusion, our results demonstrated that elevated serum
glucose levels independently predicts early hematoma growth
and discovered that admission hyperglycemia was associated
with spot sign in some ICH patients. These findings highlight the
link between imaging feature (spot sign) and laboratorial
parameter (serum glucose levels).
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