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ABSTRACT

Objectives: To evaluate the clinical importance of the non-invasive intracranial pressure monitoring in early prediction of
hematoma enlargement in patients with hypertensive intracerebral haemorrhage.

Methods: Dynamical monitoring was prospectively performed in 158 patients with non-invasive intracranial pressure.
Cranial CT was employed to determine whether the hematoma was enlarged (HE group) or stable (HS group). The non-invasive
intracranial pressure, cerebral perfusion pressure, the difference of non-invasive intracranial pressure between two hemispheres
and the score in Glasgow Outcome Scale were compared between two groups.

Results: Hematoma enlargement was found in 59 patients (37.34%) of whom 91.52% developed hematoma enlargement with-
in 12 h. The non-invasive intracranial pressure and difference in the HE group were significantly higher than those in the HS
group. In the cerebral perfusion pressure in HE group and the non-invasive intracranial pressure, cerebral perfusion pressure and
difference in the HS group were similar to those on admission (P>0.05). There was no significant difference in the number of
patients with difference of =1.3 mmHg on admission. However, subsequently the number of patients with difference of =1.3 mmHg
was 51 (86.44%) in the HE group and 44 in the HS group.

Conclusion: On the basis of non-invasion and ability to continuously monitor intracerebral haemorrhage, detection of non-
invasive intracranial pressure can be used to predict the hematoma enlargement after non-invasive intracranial pressure.

Key words: hypertensive intracerebral haemorrhage, non-invasive intracranial pressure, cerebral perfusion pressure, hematoma
enlargement; early prediction.
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Introduction in some of them, and timely treatment was per-

formed achieving favourable outcome. Herein, the

Hypertensive intracerebral haemorrhage
(HICH) has high disability and high mortality"*, and
has been a major disease threatening the health of the
middle-aged and the elderly. In addition, it has been
demonstrated that hematoma enlargement (HE) fol-
lowing cerebral haemorrhage is an important inde-
pendent factor increasing the mortality and disabili-
ty®#. Thus, to early detect and treat the HE is crucial
for the improvement of HICH prognosis. Monitoring
of noninvasive intracranial pressure (NICP) based on
the detection of flash visual evoked potentials
(FVEP) had been used in the continuous detection of
ICP in 158 HICH patients who received conservative
treatment in our department from October 2009 to
February 2012. At the same time, HE was observed

role of monitoring of NICP in predicting the HE fol-
lowing HICH was evaluated in these patients.

Subjects and Methods

Inclusion criteria

1) The ICH was diagnosed according to the
Criteria for Diagnosis of ICH in Adults (USA)®,
patients had a history of hypertension or the blood
pressure increased on the disease onset; 2) Cranial
CT showed supratentorial hematoma, the hematoma
volume was estimated to be <30 ml with coniglobus
formula, the midline slightly shifted (<1 cm), and the
intraventricular blood was absent or very small; 3)
On admission, the vital signs were stable, patients
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had no prior eye diseases or other diseases affecting
the visual conduction; 4) Patients received conserva-
tive therapy after the informed consent was obtained.

General information

A total of 158 patients were recruited; of these
87 were males and 71 females with a mean age of
53.89+7.61 years (range: 42-83 years). The mean
time from disease onset to admission was 3.08+1.82
h (range: 1-6 h). The first symptom was headache in
73 patients of whom 8 developed concomitant vomit-
ing, unilateral limb dysfunction in other 8, and slurred
speech/aphasia in the last 51. The score in Glasgow
Coma Scale (GCS)®© was 13-15 in 102 patients, 9-12
in 52 and 3-8 in 4, and the mean score in GCS was
11.07+£3.12. The cranial CT or MRI revealed haemor-
rhage in the putamen in 55 patients, lenticular nucleus
in 58, subcortex in 29, and thalamus in 16. In addi-
tion, 3 patients also developed mild intraventricular
hemorrhage. The mean hematoma volume was
21.10+£5.07 ml (range: 8-30 ml).

Monitoring of NICP

The MICP-1A FVEP-NICP monitor (Mingxi
Medical Device Company, China) was used to moni-
tor the NICP according to the manufacturer’s instruc-
tions (the difference in NICP detected by our monitor
and invasive ICP monitor [Camino, USA] was less
than 10%). After admission, NICP was detected once
every 1 h. The latencies following binocular flash
stimulation were summed, and the average was
obtained as the latency. On the basis of principle of
superposition of flash visual evoked potential
(FVEP), the FVEPs were superposed to calculate the
ICP of both sides. Then, the mean NICP and D
(D=ICP;ffecied side = ICPunattected side) Were calculated.

At the same time, the multifunctional ECG monitor
was used to detect the blood pressure followed by
calculation of mean arterial pressure. The cerebral
perfusion pressure (CPP) was also calculated.
Monitoring was done for 1-5 days (mean: 2.81+1.59)
until the NICP and CPP were stable for 48 h or
surgery was performed.

Treatment

Step therapy of intracranial pressure was per-
formed as previously described 7: the head of the
bed was elevated 30 degrees, smooth respiratory
tract was maintained, the blood pressure was con-
trolled <160mmHg, the environment was kept quiet,
pressure-lowering drugs and sedatives were used if
necessary, the body temperature was maintained at

<38°C, and the daily liquid volume was controlled at
1500-2000 ml. Within 72 h after admission, the clini-
cal symptoms, state of consciousness (GCS), pupil,
limb activity and vital signs were observed once
every 30 min, and the NICP was detected once every
1 h. Cranial CT was performed once the NICP was
significantly increased or the disease aggravated, and
treatment was promptly done. For all patients, at 24
h after admission, routine cranial CT was performed.

Determination of HE

The hematoma volume on re-examination was
compared with that on admission. The hematoma
volume increase of >33% or 12.5 ml was defined as
HE. In the present study, 158 patients were divided
into 2 groups: HE group (patients with HE) and HS
group (patients with stable hematoma). The NICP,
CPP and D were recorded in both groups, and the
outcome was determined with the Glasgow Outcome
Scale (GOS).

Statistical analysis

Statistical analysis was done with SPSS version
16.0, and quantitative data were expressed as mean +
standard deviation (SD) (+s). Comparisons between
two independent samples were done with t test and
those between two groups or intragroup were per-
formed with repeated measures analysis of variance.
The score in GOS was compared with Mann-Whitney
test and chi square test / Fisher’s exact test. A value of
P<0.05 was considered statistically significant.

Results

HE incidence

On the basis of criteria for HE, HE was diag-
nosed in 59 patients (37.34%) who were then includ-
ed in the HE group. The remaining 99 patients were
included in the HS group. HE occurred within 6 h
after disease onset in 37 patients (62.71%), 6-12 h in
17 (28.81%), 12-24 h in 4 (6.78%) and at 24 h after
disease in 1 (1.69%). At 48 h after disease onset, HE
was not observed. In the HE group, the hematoma
volume was 44.49+6.03 ml, which was markedly
larger than that on admission (20.68+5.18 ml;
t=22.417, P=0.000). In the HS group, the hematoma
volume on re-examination was 22.78+5.52 ml,
which was comparable to that on admission
(21.35+£5.02 ml; t=1.901, P=0.059). Moreover, the
hematoma volume was comparable between two
groups on admission (t=0.809, P=0.420).
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NICP monitoring results

The NICP, CPP and D are shown in Table 1. On
admission, there were no significant differences in
the NICP, CPP and D between two groups
(P=0.464). In the HE group, the NICP and D were
significantly increased when compared with those on
admission (P<0.05), but the CPP remained
unchanged (P=0.804). In the HS group, the NICP,
CPP and D at 24 h after admission were comparable
to those on admission (P>0.05). In addition, patients
with D of =1.3 mmHg were further analyzed.

In the HE group, the proportion of patients with
good recovery was markedly lower than that in the
HS group (P=0.000), but the proportion of patients
with vegetative state or death significantly higher
than that in the HS group (P=0.005 and 0.036,
respectively). Moreover, there were no pronounced
differences in the proportions of patients with severe
disability and moderate disability between two
groups (P=0.604 and 0.256, respectively).

Group HE (n=59) HS' (n=99) Discussion
ICP | CPP | D |NICP| CPP | D FiP
N N HICH is a major disease threatening the
On admission . .
= | 1478 | 7192 | 078 | 1453 | 7265 | 076 | F=0.537 health of the elderly. Previously, it was
proposed that the intracranial bleeding
Re- inati - ;
ot hafier | x| 1590 | 7207 | 191 [ 1478 | 7341 | 079 | F=14501 hematoma enlargement following HICH
admission is a common phenomenon in clinical
s 191 | 606 | 041 | 1501 | 466 | 036 | P=0.000 ) ) o
0 practice. Davis et al® reported that 72.9%
3525 | 0249 |17341) 1279 | 1088 | 0715 | F=391800 | ¢ 51§ patients with cerebral haemor-
P 0.001 | 0.804 | 0.000 | 0.202 | 0.278 | 0.476 | P=0.000 | rhage developed hematoma enlargement.

Table 1: NICP, CPP and D in two groups on admission and 24 h after

admission (mmHg).

# F=14.206, P=0.000: NICP, CPP and D in HE group between two examina-
tions; $ F=2.514, P=0.113: NICP, CPP and D in HS group between two examina-

tions

Results showed, among these patients, 2
patients development HE (3.39%) and 4 had stable
hematoma (4.04%) on admission, showing no
marked difference (32=0.260, P=0.873). However, at
24 h after admission or in re-examination, D of >1.3
mmHg was found in 51 patients in the HE (86.44%)
and 7 patients in the HS group (7.07%), showing
marked difference (¥2=108.500, P=0.000).

Prognosis

In the HE group, 17 patients continued to
receive conservative therapy and 42 patients under-
went emergency surgery. The outcome was deter-
mined with GOS (Table 2).

Group Good M_ode.r:jlte .Sevefr.e Vegetative Death
recovery | disability | disability state

HE (n=59)|13(22.03) | 31(52.54) | 5(8.47) 6(10.17) | 4(6.78)

HS (n=99) | 59(59.60) | 37(37.37) | 3(3.03) 0(0.00) 0(0.00)

%2 21.029 0.269 1.288 7.867 4413

P 0.000 0.604 0.256 0.005 0.036

Table 2: Score in GOS in two groups (%)
Z=10.243; P=0.000

In addition, Ji et al® indicated that the
hematoma enlargement reached a maxi-
mal level within 6 h and was less found
24 h after HICH. A more recent study
also reveals patients with HICH still have
risk for hematoma enlargement even at 24 h after
disease onset®. However, there are no criteria for
determining the hematoma enlargement. Fuji et al
proposed that the increase in hematoma volume of =
50% or = 20 ml could be used to determine the
hematoma enlargement"”. Kazui et al proposed that
the increase in hematoma volume of =1.4 folds or
=12.5 ml could be used to determine the hematoma
enlargement"”. In most studies, the increase in
hematoma volume of >33% or =12.5 ml could serve
as the criteria for hematoma enlargement. In the pre-
sent study, HE was found in 59 patients (37.34%)
following HICH. Of note, the HE was found within
12 h in 54 patients (91.52%) and 12-24 h in 1
(1.69%). Thus, we speculate that the post-HICH HE
mainly occurs within 12 h after HICH, and the inci-
dence of post-HICH HE significantly reduces at 12 h
after HICH. However, HE occurring at 24 h after
HICH is also possible. Thus, in clinical practice,
clinicians should pay attention to the diagnosis and
treatment of delayed HE at 24 h after HICH. We pro-
pose that the early monitoring of NICP can be per-
formed until 72 h after HICH even the hematoma is
stable within 24 h.
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Anderson and Cucchiara et al**" proposed that
the HE was attributed to the increase in blood pres-
sure, abnormal coagulation, hematoma shape, base-
line hematoma volume and other factors. The HE
aggravates the damage to the brain leading to the
deterioration of HICH, which is also harmful for the
survival and prognosis of HICH patients. Davis et
al® found the increase in hematoma volume of 10%
led to a 18% reduction in neurofunction and 5%
increase in mortality, and the HE was one of inde-
pendent factors leading to the deterioration of HICH
or even the post-HICH death.

In the present study, although there were no
marked differences in the proportion of patients with
severe or moderate disability, the proportion of
patients with good recovery demonstrated by the
score in GOS in HE group was markedly lower than
that in the HS group, but the incidence of severe
events (vegetative survival and mortality) signifi-
cantly increased when compared with the HS group.
These findings suggest that the HE is an important
factor leading to the reduction in quality of life and
increase in severe events in HICH patients. Thus,
early diagnosis and timely intervention of HE may
be beneficial for the improvement of HICH progno-
sis.

Currently, Chinese Neurotrauma Expert
Committee proposes a consensus on the changes in
ICP following brain trauma“?: the increase in ICP
occurs earlier than the changes in consciousness and
vital signs. Thus, to monitor the ICP, especially the
ICP of affected hemisphere, in HICH patients is
important to evaluate the severity of brain injury and
to early recognize the dynamic change in hematoma.

However, in clinical practice, invasive tech-
nique is currently employed to detect the ICP"?.
Thus, for HICH patients with mild symptoms and/or
small hematoma volume at early stage (<30ml) who
received conservative therapy, effective strategies
have not developed to early detect and predict the
HE.

The latency of FVEP peak was delayed, which
was positively related to the extent of ICP
increase">'?. In addition, the difference in ICP detect-
ed by invasive technique and non-invasive technique
was 9.8%in our previous study"”, which provides
evidence for the accurate monitoring of NICP. Our
results revealed the NICP and D in re-examination
were markedly higher than those on admission in the
HE group, but the CPP remained unchanged. In addi-
tion, the NICP, CPP and D remained unchanged in
the HS group. We postulate that the stable CPP in the

HE group may be attributed to the compensatory
increase in blood pressure following change in ICP.

The alteration of NICP and D further demon-
strates that the increase in ICP following HE occurs
earlier than the changes in consciousness and vital
signs. Theoretically, the D is more susceptible to
change than the NICP. In the present study, when the
D was =1.3 mmHg, the detection rate of HE was
86.44%, and the misdiagnosis rate was 7.07%.

In our study, D of 1.3 mmHg was used as a cut-
off value. For patients with D of =1.3 mmHg, timely
cranial CT is necessary to early detect the change in
intracranial hematoma and to predict the HE, which
may provide evidence for the application of interven-
tions. In our study, with the help of these measures,
the effective rate (good recovery + moderate disabili-
ty) in HE group was as high as 74.57% and the mor-
tality was only 6.78%, suggesting favorable out-
come. However, the cut-off value of D was deter-
mined on the basis of the sensitivity of instrument
and the experience of clinicians, and the effective-
ness of D in detecting HE should be confirmed in
more studies.

Although the delayed latency is highly consis-
tent with the change in ICP11, this can not directly
reflect the ICP, and is also influenced by the integrity
of visual pathway. Any change in the visual pathway
may eventually affect the NICP. Thus, NICP is not
applicable in patients with eye disease or diseases
influencing the visual conduction.

Taken together, monitoring of NICP is non-
invasive, simple and can be performed continuously
and objectively and accurately reflect the change in
ICP. Thus, monitoring of NICP has favourable
promise in clinical practice, especially for patients
with mild HICH and without invasive monitoring of
ICP. In addition, monitoring of NICP can be used to
effectively early predict the HE following HICH.
Moreover, we postulate that the difference in bilater-
al NICP is more sensitive and can be applied to pre-
dict the HE earlier. However, the monitoring of
NICP is still in its infant stage in the studies and tri-
als"?, and more studies are required to confirm the
importance of monitoring of NICP in the prediction
of HE following HICH.



Clinical importance of non-invasive intracranial pressure... 299

References

1) Sacco S, Marini C, Toni D, et al. Incidence and 10 Year
survival of intracerebral hemorrhage in a population-
based registry. Stroke 2009; 40: 394-399.

2) van Asch CJ, Luitse MJ, Rinkel GJ, van der Tweel I,
Algra A, Klijn CJ. Incidence, case fatality, and functional
outcome of intracerebral haemorrhage over time, accor-
ding to age, sex, and ethnic origin: a systematic review
and meta-analysis. Lancet Neurol 2010; 9: 167-176.

3) Davis SM, Broderick J, Hennerici M, et al. Hematoma
growth is a determinant of mortality and poor outcome
after intracerebral hemorrhage. Neurology 2006; 66:
117-1181.

4) Delgado Almandoz JE, Yoo AJ, Stone MJ, et al. The spot
sign score in primary intracerebral hemorrhage identifies
patients at highest risk of in-hospital mortality and poor
out- tcome among survivors. Stroke 2010; 41: 54-60.

5) Morgenstem LB, Hemphill JC 3rd, Anderson C, et al. A
guideline for healthcare professionals from the American
Heart Association/American Stroke Association. Stoke
20105 41: 2108-2129.

7) Gao L, Zhou LF, Huang FP, et al. Stepwise management
of severe traumatic brain injured patients guided by ICP
monitoring. Chin J Neurosurg 2007; 23: 507-509.

8) Ji N, Lu JJ, Zhao YL, et al. Imaging and clinical prog-
nostic indicators for early hematoma enlargement after
spontaneous intracerebral hemorrhage. Neural Res
2009; 31: 362-366.

9) Fujii M, Takada Y, Ohno K, et al. Slowly progressive
expanding hematoma in the Basal Ganglia: a report of 3
cases and a literature review. Brain Nerve. 2012; 64:
295- 302.

10) Fujii Y, Tanaka R, Takeuchi S, Koike T, Minakawa T,
Sasaki O. Hematoma enlargement in spontaneous intra-
cerebral hemorrhage.J Neurosurg. 1994; 80(1): 51-7.

11) Kazui S, Naritomi H, Yamamoto H, Sawada T,
Yamaguchi T. Enlargement of spontaneous intracerebral
hemorrhage. Incidence and time course. Stroke. 1996;
27(10): 1783-7.

12) Anderson CS, Huang Y, Wang JG, et al. Intensive blood
pressure reduction in acute cerebral hemorrhage trial
(INTERACT): a randomised pilot trial. Lancet Neurol
2008; 7: 391-399.

13) Cucchiara B, Messe S, Sansing L, et al.. Hematoma
growth in oral anticoagulant related intracerebral
hemorrhage. Stroke 2008; 39: 2993-2996.

14) Branch of Neurosurgery of Chinese Medical Doctor
Association, Chinese Neurotrauma Expert Committee.
Expert Consensus on Monitoring of Intracranial Pressure
Following Brain Trauma in China. Chin J Neurosurg.
2011; 27: 1073-1074.

15) Ragauskas A, Matijosaitis V, Zakelis R, et al. Clinical
assessment of noninvasive intracranial pressure absolute
value measurement method. Neurology. 2012, 78: 1684-
1691.

16) Soldatos T, Chatzimichail K, Papathanasiou M, et al.
Optic nerve sonography: a new window for the non-inva-
sive evaluation of intracranial pressure in brain injury. —_—
Emerg Med J 2009, 26: 630-634. Request reprints from:

17)  Zhang WD, Zhang X, Zou ZH, et al. Monitoring nonin- gr. WWENDE ZfﬁNG |
vasive intracranial pressure and cerebral perfusion pres- epartment ol eurology
sure in treatment of patients with hypertensive intracere- No. 474 Hospital

bral hemorrhage. Chin J Neuromed 2012; 11: 182-185. fg;’lfiz)s Liberation Army, Urumqi, 830013



