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Summary

Early hematoma enlargement and delayed clot lysis contribute to
brain injury after intracerebral hemorrhage (ICH). We investigated
hematoma growth, clot lysis, and brain edema formation in patients
with spontaneous ICH.

A total of 17 spontaneous ICH patients who received regular med-
ication were chosen for this study. All patients had their first CT scan
within 5 hours of onset of symptoms (day 0). The patients then un-
derwent second, third, and fourth CT scans at 1, 3, and 10 days later.
Hematoma size and absolute and relative brain edema volumes were
measured. Hematoma enlargement was defined as a >33% increase
in volume. Relative brain edema volume = absolute brain edema
volume/hematoma size. Hematoma enlargement occurred in 4 of
the 17 ICH patients (24%) within the first 24 hours. The hematoma
sizes were reduced significantly at day 10 (p < 0.05) because of clot
lysis. However, both absolute and relative brain edema increased
gradually with time (p < 0.01).

These results suggest that delayed brain edema following ICH
may result from hematoma lysis. This study also shows that early
hematoma enlargement occurs in Chinese patients with ICH. Reduc-
ing early hematoma growth and limiting clot lysis-induced brain
toxicity could be potential therapies for ICH.
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Introduction

Spontaneous intracerebral hemorrhage (ICH) is a
common and often fatal stroke subtype lacking effec-
tive management [6]. ICH is estimated to account for
10-15% of all strokes in the United States [10]. The in-
cidence of ICH is more common in China [17]. Brain
edema contributes to brain damage after ICH [14].
Experimental and clinical investigations have demon-
strated that early hematoma enlargement and delayed
clot lysis contribute to ICH-induced brain injury [15].
The natural history and pathogenesis of hematoma
and perihematomal edema in human ICH have not

been well-studied. We investigated hematoma growth,
clot lysis, and brain edema formation in Chinese ICH
patients.

Materials and methods

Study design

In-patients who experienced spontaneous ICH (n = 17) in the
Huashan Hospital at Fudan University between 2003 and 2004
were studied. All hematomas were located in the supratentorial
area. Patients received regular medication. Exclusion parameters
for this study included: 1) traumatic hemorrhage with initial or sub-
sequent intraventricular extension, subsequent subarachnoid hemor-
rhage, or underlying aneurysm or vascular malformation, 2) death,
or 3) undergoing surgical treatment within 10 days. All patients re-
ceived non-contrast brain computed tomography (CT) scans within
6 hours of ICH onset. After the first CT scan, patients underwent sec-
ond, third, and fourth CT scans at 1, 3, and 10 days after ICH onset.
Hematoma enlargement was defined as a >33% increase in volume

(21

Measurement of hematoma and perihematomal edema volumes

All CT pictures were converted from CT machine to personal
computer using the accessory software of the CT machine (e-Film),
and NIH Image J 1.29 software (National Institutes of Health, USA)
was used to analyze hematoma and edema volume.

We reset the calibration of the image according to the scale on the
CT slices. Then the range of hematoma and perihematomal edema
were marked out (for hematoma, the grey value was >130, and for
the edema area, the grey value was 55-90). The area of hematoma
and perihematomal edema of each CT slice was measured by NIH
Image J. The above steps were repeated 3 times. Relative brain
edema volume = absolute brain edema volume/hematoma size.

Statistical analysis

All data in this study are presented as mean + SD. Data were an-
alyzed with ANOVA using the Scheffe F test. Significance levels
were measured at p < 0.05.
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Results

A total of 17 patients were chosen for this study. De-
mographic and clinical features of the study patients
are summarized in Table 1. All patients received non-
contrast brain CT within 6 hours of ICH onset, and
mean time was 2.6 hours after symptom onset. Ten pa-
tients had a history of hypertension (3—20 years) and 5
patients had a history of diabetes mellitus (4—13 years).

Hematoma enlargement occurred in 4 of the 17 ICH
patients (24%) within the first 24 hours. Average
hematoma sizes of all 17 patients were 20.9 + 18.8,
23.8 4+ 16.5,21.2 + 14.8, and 12.4 + 10.3 cm? at days
0, 1, 3, and 10, respectively. The hematoma sizes were
reduced significantly at day 10 (p < 0.05) because of
clot lysis (Table 2, Fig. 1). However, both absolute
and relative brain edema volumes increased gradually
with time (absolute edema: 46.4 + 30.1 at day 10 vs.
20.4 + 13.2 cm? at day 0, p < 0.05; relative edema:
6.1 + 6.5 at day 10 vs. 1.3 + 0.8 at day 0, p < 0.05;
Table 2). Figure 1 shows serial CT scans in 2 ICH
patients.

Discussion

Our study demonstrates that early hematoma en-
largement contributes to brain injury in Chinese ICH

Table 1. Clinical data after admission.

Gender (n) Male (10), female (7)
Age,y 59+ 13
Systolic pressure, mmHg 176 + 26
Diastolic pressure, mmHg 105+ 13
Blood glucose, mM 943
Glasgow Coma Scale 11+3
Hematoma location, n (%)

— Right basal ganglia 6(36)
— Left basal ganglia 4 (24)
— Right temporal lobe 2(12)
— Left temporal lobe 3(18)
— Right parieto-occipital 1(6)
— Right frontal lobe 1(6)

Table 2. Volumes of hematoma and perihematomal brain edema.

patients. Hematoma enlargement occurred in 4 of 17
ICH patients (24%) within the first 24 hours.

Several recent investigations evaluated the rate of
hematoma enlargement after initial presentation [1, 2,
4, 7]. Early enlargement of the hematoma after the ic-
tus is associated with midline shift and accelerates neu-
rological deterioration [1, 16]. The precise mechanisms
of hematoma growth are not known, but most hema-
toma enlargement occurs within the first 24 hours [2,
7]. Broderick et al. [1] recognized that early hematoma
growth is associated with early neurological deteriora-
tion. An ongoing clinical trial focuses on early treat-
ment with activated Factor VIla aimed at preventing
hematoma enlargement and reducing ICH-induced
brain injury [8].

We also found that hematoma size decreases and
perihematomal brain edema increases during the first
10 days after ICH in humans, suggesting delayed brain
edema following ICH may result from hematoma lysis.
Other studies have demonstrated that perihematomal
edema peaks several days after ICH [3, 11]. In rats,
brain edema peak occurs on the third or fourth day
after experimental ICH [13]. This delayed brain edema
may be related to erythrocyte lysis, because infusion of
packed erythrocytes causes edema after about 3 days
but not earlier when the erythrocytes remain intact
[13]. A clinical study of brain edema after ICH also in-
dicates that delayed edema is related to significant
midline shift after ICH [16].

Delayed brain edema in ICH patients may be due
to erythrocyte lysis and iron toxicity. Our previous
studies demonstrated that an intracerebral infusion
of hemoglobin and its degradation products, hemin,
iron, and bilirubin, cause the formation of brain edema
within 24 hours. Hemoglobin itself induces heme
oxygenase-1 up-regulation in the brain, and heme
oxygenase inhibition by tin-protoporphyrin reduces
hemoglobin-induced brain edema. In addition, an in-
traperitoneal injection of a large dose of deferoxamine,
an iron chelator, attenuates brain edema induced by
hemoglobin. These results indicate that hemoglobin

Volume Day 0 Day 1 Day 3 Day 10
Volume of hematoma (cm?) 20.9 + 18.8 238+ 16.5 212+ 148 12.4 4+ 10.2*
Absolute edema volume (cm?) 20.4 +13.2 30.7 + 15.4% 42.6 +23.8 46.4 + 30.1
Relative edema volume 1.3+0.8 1.7+ 1.1 254+ 1.7 6.1 +6.5

# p < 0.05vs. day 0.
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Fig. 1. Serial CT scans of 2 ICH patients

causes brain injury by itself and through its degrada-
tion products [5]. Also, investigations have demon-
strated that iron overload occurs in the brain after
ICH, and iron chelation with deferoxamine reduces
perihematomal edema [9, 12].

In conclusion, early hematoma enlargement oc-
curred in our study population of Chinese ICH pa-
tients, and delayed perihematomal edema develop-
ment was associated with erythrocyte lysis. Reducing
early hematoma growth and limiting clot lysis-induced
brain toxicity could be potential therapies for ICH.
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