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Abstract Purpose: Blood pres-
sure management in acute
intracerebral hemorrhage (ICH) relies
on functioning cerebral autoregula-
tion. The time course of
autoregulation in acute ICH and its
relation with clinical outcome are not
known. Methods: Twenty-six
patients with spontaneous ICH were
studied on days 1, 3 and 5 after ictus.
Autoregulation was noninvasively
measured from spontaneous fluctua-
tions of blood pressure and middle
cerebral artery flow velocity (assessed
by transcranial Doppler) using the
correlation coefficient index Mx.
From the same signals, non-invasive
cerebral perfusion pressure was cal-
culated. Results were compared with
55 healthy controls and related with
clinical and radiological factors and
90-day outcome (modified Rankin
scale). Results: Average Mx values

of all patients did not differ across
days or from controls. Higher Mx
(i.e., poorer autoregulation) on day 5
was significantly related with lower
Glasgow coma score, ventricular
hemorrhage (both sides) and lower
noninvasive cerebral perfusion pres-
sure (ipsilateral). Increasing
ipsilateral Mx between days 3 and 5
was related with lower Glasgow coma
score and ventricular hemorrhage. In
a multivariate analysis controlling for
other hemodynamic factors, higher
ipsilateral Mx on day 5 (p = 0.013)
was a significant predictor for poor
90-day outcome.
Conclusions: Cerebral autoregula-
tion is primarily preserved in acute
ICH, but a secondary decline mainly
ipsilateral to the ICH can occur. This
is associated with poor clinical status,
ventricular hemorrhage, lower cere-
bral perfusion pressure and worse
clinical outcome.

Keywords Cerebral autoregulation �
Spontaneous intracerebral
hemorrhage � Transcranial Doppler
sonography

Introduction

Spontaneous intracerebral hemorrhage (ICH) is one of the
most severe complications of chronic hypertension, and

its incidence can be dramatically reduced by antihyper-
tensive treatment [1]. There is controversy about optimal
treatment of ICH, including surgical versus non-surgical
treatment [2], and blood pressure treatment is difficult
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once ICH has happened. For example, high blood pres-
sure may lead to secondary enlargement of the ICH
because of hematoma growth, and early lowering of blood
pressure may reduce this process [3]. Conversely, exces-
sive lowering of blood pressure may cause hypoperfusion
particularly in areas adjacent to the hemorrhage and thus
worsen outcome [4].

A critical decrease of cerebral blood flow during
lowering of cerebral perfusion pressure can be prevented
by functioning cerebral autoregulation. Only a few pre-
vious clinical studies in ICH were performed applying the
concept of static autoregulation [5] as an intrinsic brain-
protective mechanism. In patients with ischemic stroke,
the autoregulatory mechanism deteriorates over the first
days, particularly in patients with poor outcome [6, 7]. It
is not known whether such a phenomenon exists for ICH.

Noninvasive and easy to repeat assessment of cerebral
autoregulation has become possible by recording the brain
autoregulatory response to spontaneous blood pressure
fluctuations with transcranial Doppler sonography [8, 9].
This rapid component of autoregulation may be even
more vulnerable to acute brain damage than the slower
static amplitude adjustments [10].

This study investigates whether cerebral autoregula-
tory failure occurs during the acute stage of ICH and how
this associates with clinical outcome.

Subjects and methods

Patients and controls

We prospectively studied 29 patients admitted to the
neurocritical care units of the Freiburg University Neu-
rocenter with spontaneous ICH confirmed on computed
tomography (CT) or magnetic resonance (MR) imaging.
Exclusion criteria were significant internal carotid artery
obstruction (C70%) on either side as shown by ultrasound
or MR/CT angiography and an insufficient bilateral
temporal bone window for insonation of the middle
cerebral artery (MCA). Written informed consent was
obtained from patients or their relatives. The study was
approved by the local ethics committee. Out of the 29
included patients, 3 were excluded because of another
final etiology (hemorrhagic metastasis, n = 1) or inability
to tolerate transcranial Doppler monitoring (n = 2).

Reference values of cerebral autoregulation (average
of right and left MCA) were obtained from 55 age- and
sex-matched subjects (64 ± 8 years, 44 men) randomly
chosen from our previously studied control person pool.
Twenty-five of these subjects had been measured twice
within a period of 53 ± 32 days to assess the within-
subject variability. None of the control persons had a
history of cerebrovascular disease or any carotid artery
obstruction on duplex ultrasound.

Clinical and neuroimaging data

All patients underwent routine neurocritical care includ-
ing close monitoring of blood pressure, heart rate,
temperature, blood glucose level and neurological status.
Blood pressure management was based on current ICH
management guidelines [4] and performed by treating
physicians unaware of any autoregulation data. Four
patients were sedated and ventilated. A ventricular
drainage was placed in case of ventricular hemorrhage or
if hydrocephalus evolved (n = 8); frameless stereotactic
puncture and drainage were performed in case of a large
hematoma (n = 8). Likewise, intraventricular or direct
intraclot thrombolysis was performed with urokinase in
case of large intraventricular hemorrhage or large hema-
toma (n = 8). All patients received routine medication,
including antihypertensive agents, statins, glucose-low-
ering, antithrombotic and antibiotic medication. Various
combinations of intravenous vasodilating medication
(urapidil, dihydralazine, clonidine) were used in 30 of 78
measurements (n = 9 with dihydralazine, n = 19 with
urapidile, n = 7 with clonidine). Sedation in ventilated
patients was maintained using propofol (doses used 40–
60 mg/h) or midazolam (4.8–19.2 mg/h) and fentanyl
(0.025–0.05 mg/h). The 90-day outcome (modified Ran-
kin Scale, mRS) was assessed via telephone interview
with patients or their relatives by an examiner blinded to
any autoregulation results [11].

The presence of intraventricular hemorrhage and the
volume of ICH were estimated blinded to any autoregu-
lation data from initial computed tomography or magnetic
resonance images (performed at a mean of 8 ± 10 h after
onset of symptoms) according to the ABC/2 rule for
regularly shaped and ABC/3-rule for irregularly shaped
hematomas (where ABC stands for length, width and
depth of the hemorrhage in cm) [12]. Follow-up imaging
on day 4 or 5 was only available in 10 of 26 patients and
because of potential selection bias was not correlated with
the course of autoregulation. Vascular risk factors
(hypertension, diabetes, statin-treated hyperlipidemia,
current smoking) were assessed according to patients’
history review, previous medication and standard labo-
ratory tests.

Hemodynamic measurements

Three measurements of autoregulation were performed:
day 1 (12–24 h after ictus), day 3 (48–72 h) and day 5
(96–120 h). Cerebral blood flow velocity (CBFV) was
assessed in both middle cerebral arteries with 2-MHz
transducers by transcranial Doppler (DWL-Multidop-X�,
Germany). Arterial blood pressure (ABP) was recorded
continuously via a finger plethysmograph (Finapres�,
Ohmeda, USA). End-tidal CO2 partial pressure (PCO2

)
was measured in mmHg with an infrared capnometer
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(Normocap Datex, Finland) during nasal expiration. After
establishing stable hemodynamic values, a data segment
of 8–10 min of spontaneous fluctuations was recorded.
Intracranial pressure (nICP) was noninvasively estimated
in all patients from the ABP and ipsilateral CBFV
waveforms as described previously [13]. Mean noninva-
sive cerebral perfusion pressure (nCPP) was calculated as
the difference between mean ABP and mean nICP during
the measurement period. Glasgow Coma score (GCS) was
assessed at each autoregulation study in patients not
sedated and ventilated.

We applied the previously described correlation
coefficient index method (index Mx) for grading of
dynamic cerebral autoregulation [8, 14]. Hereby, mean
values of ABP and CBFV were averaged over 3 s. From
every 20 such segments (i.e., 60-s periods) separate
Pearson’s correlation coefficients between ABP and
CBFV were calculated. The resulting 1-min correlation
coefficients were then averaged to form the autoregula-
tory index Mx. This index was calculated for MCA sides
ipsi- and contralateral to the ICH. Figure 1 shows an
example of this analysis. A detailed description of Mx
calculation is given in Online Resource 1.

Statistical analysis

Mixed effects models were used to assess the develop-
ment of clinical and hemodynamic parameters across
days. Explorative linear regression was used to assess the
correlation of absolute Mx values (and changes of Mx
between days) with the following independent factors:
age, sex, history of hypertension, initial ICH volume,
intraventricular hemorrhage on initial brain imaging,
GCS, nCPP and endtidal PCO2

at the time of each study.
The Mx change between days was correlated with abso-
lute GCS and nCPP values for both days. Separate
analyses were performed for Mx values ipsi- and con-
tralateral to the ICH. The effect of intravenous
vasodilating medication on Mx values on both sides was
tested with two-sample t tests. To compare the within-
subject variability of Mx values, the modulus of Mx
change (affected side) between days 3 and 5 was com-
pared with that of the repeated measurements (right
MCA) in healthy controls. Univariate linear regression
was applied to assess how much of the variation of the
clinical outcome (mRS at day 90) can be explained by the
autoregulation parameter Mx and by other factors.
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Fig. 1 Examples of autoregulation analysis. Upper row: Correla-
tion plot of 20 segments of 3-s duration of mean ABP and CBFV.
The index Mx is formed by averaging ten such correlation

coefficients from a 10-min recording. The absent correlation means
working autoregulation. Lower row shows positive correlation
between ABP and CBFV indicating disturbed autoregulation
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Multivariate linear regression analyses were then used to
assess the association of Mx and clinical outcome (mRS
at day 90) controlling for other cerebral hemodynamic
data like CBFV in the MCA, nCPP as well as factors
potentially influencing cerebral hemodynamics like age,
sex, ICH volume and presence of ventricular hemorrhage.

Results

Clinical characteristics of the 26 studied patients are
shown in Table 1. Most hemorrhages were located deep
in the brain, and the main cause was hypertension
(n = 20) or oral anticoagulation (n = 5); in one case the
etiology could not be determined.

Autoregulation could not be assessed in 10 of the 78
overall scheduled studies. Reasons were Doppler or
ABP signal artifacts (n = 7), patient death (n = 2) or
patient referral to other hospitals (n = 1); only unilat-
eral Doppler measurements were possible in two
studies.

Cerebral autoregulation during acute ICH, clinical
and hemodynamic parameters

Mean values of Mx differed neither significantly across
study points nor when compared with healthy controls for
ipsi- and contralateral sides (Table 2). The modulus of
Mx change between days 3 and 5 on affected sides
(0.19 ± 0.16) was higher than that of repeated measure-
ments in controls (0.10 ± 0.11; p = 0.021). Mean
endtidal PCO2

, mean ABP, nICP and nCPP did not sig-
nificantly differ among study points. Mean cerebral blood
flow velocity increased significantly from day 1 to days 3
and 5 on both sides.

Table 1 Clinical characteristics

Characteristic Value

Age (years) 65 ± 11
Sex male/female (n) 21/5
NIH Stroke Score on admissiona (patients) 12 ± 7
Glasgow Coma Scale on admissiona (patients) 13 ± 2
Modified Rankin scale at 90 days (patients) 3.3 ± 1.9
Mortality at 90 days [n (%)] 2 (8)
Side of hemorrhage, right/left (n) 17/9
Deep location [n (%)] 21 (81)
Lobar location [n (%)] 5 (19)
ICH volume (ml) 26 ± 22
Intraventricular hemorrhage [n (%)] 14 (54)
Hypertension [n (%)] 24 (92)
Diabetes mellitus [n (%)] 4 (15)
Smoking [n (%)] 9 (35)
Hyperlipidemia [n (%)] 6 (23)
Oral anticoagulation [n (%)] 5 (19)

ICH intracerebral hemorrhage, NIH National Institutes of Health
a Only assessed in non-intubated patients (n = 22). Values are
mean ± standard deviation where appropriate

Table 2 Course of clinical status, hemodynamics and autoregulation

Day 1 Day 3 Day 5

Time since onset
of symptoms (h)

21 ± 9 61 ± 8 108 ± 7

Glasgow Coma Scale
(patients)

12.1 (n = 22; SE = 0.69) 12.8 (n = 23; SE = 0.71; p = 0.2687) 12.5 (n = 23; SE = 0.76; p = 0.1996)

Mean MAP Finapres
(mmHg)

90.9 (n = 26; SE = 4.26) 85.5 (n = 21; SE = 4.57; p = 0.2220) 84.4 (n = 22; SE = 4.51; p = 0.1337)

Mean MCA CBFV
(cm/s)

Ipsilateral 43.6 (n = 26; SE = 3.4) 55.8 (n = 21; SE = 3.6; p = 0.0020) 53.6 (n = 22; SE = 3.6; p = 0.0091)
Contralateral side 47.7 (n = 26; SE = 3.5) 56.6 (n = 21; SE = 3.7; p = 0.0150) 57.9 (n = 22; SE = 3.7; p = 0.0051)

Noninvasive ICP
(mmHg)

Ipsilateral 19.3 (n = 25; SE = 1.5) 18.7 (n = 22; SE = 1.6; p = 0.7582) 18.6 (n = 21; SE = 1.6; p = 0.7356)
Contralateral side 18.4 (n = 24; SE = 1.6) 19.3 (n = 22; SE = 1.7; p = 0.6840) 19.9 (n = 21; SE = 1.7; p = 0.4636)

PCO2
endtidal

(mmHg)
34.9 (n = 26; SE = 0.9) 34.3 (n = 21; SE = 0.98; p = 0.5322) 35.1 (n = 22; SE = 0.96; p = 0.8815)

Autoregulation index Mx
Ipsilateral 0.24 (n = 26; SE = 0.04) 0.29 (n = 21; SE = 0.04; p = 0.2650) 0.21 (n = 22; SE = 0.04; p = 0.5003)
Contralateral side 0.27 (n = 26; SE = 0.04) 0.32 (n = 21; SE = 0.04; p = 0.1912) 0.22 (n = 20; SE = 0.04; p = 0.2531)

Development of parameters across study points. Mean values are
given and in parenthesis the number of non-missing values, and
from linear mixed effect models the standard error and the p value
comparing the values at the follow-up study points (day 3, day 5) to
the baseline study point (day 1). There were no significant

differences between ipsi- and contralateral sides on any day. Mx
values in 55 controls averaged 0.27 (SE = 0.02). Mx on ipsi- and
contralateral sides in patients did not significantly differ from these
values on any day. GCS was only assessed in patients without
intubation and sedation
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Univariate factors associated with cerebral
autoregulation

On day 5, higher Mx (poorer autoregulation) was related
with lower GCS (ipsilateral p \ 0.001, contralateral
p = 0.006), the presence of ventricular hemorrhage
(ipsilateral p = 0.011, contralateral p = 0.018) and to
lower nCPP (ipsilateral p = 0.024). Lower Mx was
related with higher age on day 1 (p = 0.013 for both
sides), but not on other days. Increasing ipsilateral Mx
(worsening autoregulation) between days 3 and 5 was
related with lower GCS on day 5 (p = 0.014) and with
the presence of ventricular hemorrhage (p = 0.0486).
There were no significant differences in Mx values
between measurements with and without intravenous
vasodilating medication.

Course of cerebral autoregulation and clinical
outcome

Considering the individual time course, for most patients
ipsilateral Mx changed only slightly between days 1 and
3, but drastically between days 3 and 5. Individual figures
of the course of ipsilateral Mx suggest that there are two
groups of patients with different outcomes: increasing Mx
between days 3 and 5 (worsening autoregulation) with
poor clinical outcome and decreasing Mx between days 3
and 5 (improving autoregulation) with better clinical
outcome (Fig. 2).

Univariate analysis showed that GCS and the presence
of ventricular hemorrhage were the most important clas-
sical predictors of clinical outcome, and that ipsilateral
Mx on day 5 and the change of ipsilateral Mx between
days 3 and 5 were potential predictors for clinical out-
come (Table 3). In a multivariate analysis, ipsilateral Mx
remained a significant independent predictor for clinical
outcome (Table 4).

Discussion

This preliminary clinical study confirmed that cerebral
autoregulation is not disturbed generally and early in
acute ICH [5]. However, in some patients later decline of
individual autoregulatory ability can occur, and the out-
come is significantly worse in this case.

The reason of deteriorating autoregulation during the
acute stage of ICH is not that obvious because of the
small number of cases included in the study. Poorer or
worsening autoregulation on affected sides was related
with lower nCPP. A focal mass effect may decrease
hemispheric cerebral perfusion pressure and thereby dis-
turb ipsilateral dynamic autoregulation in the affected
hemisphere between days 3 and 5. Poorer autoregulation

was also related with intraventricular hemorrhage. The
causality of this association cannot be determined from
the present data. One explanation is that intraventricular
hemorrhage could have led to concomitant hydrocephalus
and reductions in individual CPP.

However, a direct failure of the autoregulation
mechanism during acute ICH may also occur. In acute
ischemic stroke, secondary dynamic and static autoregu-
latory failure has been described [6, 14]. This is partly
caused by a vicious circle induced by reperfusion leading

Fig. 2 Course of cerebral autoregulation in acute ICH and outome.
Mean development of ipsilateral Mx and the mean clinical outcome
(mRS at day 90) separated for two groups of patients: the one where
Mx is decreasing (n = 13) between days 3 and 5 is given by a solid
line and filled points, the other where Mx is increasing (n = 7)
between days 3 and 5 by a dashed line and empty points. The plot
presents only these patients (n = 20) in whom all three measure-
ments were available. The boxplot shows the Mx values of the
control group of healthy subjects (n = 55); the asterisk denotes the
mean value

Table 3 Univariate analysis for clinical outcome (mRS day 90)

Factor Coef p Value Adj. R2

GCS day 1 -0.50 0.000009 0.66
Mx ipsilateral difference day 3–5 7.25 0.000049 0.59
Mx ipsilateral day 5 6.78 0.00017 0.49
GCS day 5 -0.37 0.000395 0.47
Ventricular hemorrhage 2.27 0.00108 0.34
GCS day 3 -0.34 0.00455 0.33
GCS on admission -0.37 0.032527 0.17
Mx contralateral day 5 4.78 0.0431 0.16
ICH volume 0.04 0.04086 0.13

No significant effects were found for age, sex, autoregulation val-
ues at days 1 and 3, mean ABP, nCPP or nICP at any study
nCPP noninvasive cerebral perfusion pressure, nICP noninvasive
intracranial pressure
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to increased local production of reactive oxygen species
damaging arteriolar smooth muscles as the main effectors
of autoregulation [15]. Other causes are spreading local
acidosis and edema [6]. In acute ICH, both reactive
oxygen species (as a result of inflammatory mechanisms
by acute brain injury [16]) and local acidosis and edema
are present. Such direct damage of the autoregulatory
mechanism may be part of the pathophysiology of ICH.

We found that poorer autoregulation on day 5 was a
predictor of poor clinical outcome independent from other
hemodynamic variables or factors potentially influencing
cerebral hemodynamics (Table 4). This association does
not prove any causal relationship. It may be a result of
greater brain damage by subsequent episodes of hypo- or
hyperperfusion because of direct autoregulatory failure.
Conversely, both worsening autoregulation and bad out-
come could be the common result of a more severe mass
effect and brain injury affecting perfusion pressure,
cerebral vessels and autonomic pathways.

Transcranial Doppler sonography only allows assess-
ment of hemodynamics in the whole MCA territory,
which predominantly reflects cortical arterioles. Isolated
deep perifocal autoregulatory failure in individual patients
thus cannot be detected by the present study; the emphasis
rather lies on the functionally important cortico-subcor-
tical areas. The increase of absolute mean cerebral blood
flow velocity on both sides during the acute stage of ICH
may be explained by routine intravenous fluid substitution
leading to moderate reduction of hematocrit values [17].

The applied autoregulation index Mx has been well
validated against static measurements of autoregulation
[18] and correlated with the classical threshold of

autoregulation [19]. At present, it has the best evidence for
noninvasive autoregulation monitoring in neurocritical
care patients [20]. As a limitation, Mx was determined
noninvasively using ABP instead of CPP. Still, noninva-
sive Mx shows acceptable correlation with invasively
determined Mx, and both approaches are able to indicate
poor outcome in traumatic brain injury [21]. Using short
source data segments of few seconds length, Mx reflects
primarily dynamic properties of autoregulation. Of
importance, Mx is a continuous index of autoregulation,
and any absolute thresholds should be applied with caution.
Our results show that in ICH patients absolute Mx values
still within the upper range of control persons (Fig. 2) may
already indicate an inferior state of autoregulation because
of their clear association with poorer clinical state and
outcome. These values evolved by changes from an indi-
vidual ‘‘normal’’ Mx level and are likely to indicate
individual deterioration of autoregulation (i.e., Mx change
between days 3 and 5). Still, one cannot fully rule out that
the present variation of Mx is a random effect. The present
changes in Mx between days 3 and 5 were, however, larger
than those of repeated measurements in the control group
assessed over an even longer time span. It has been pre-
viously shown that the individual time course of Mx values
may have a greater diagnostic potential than independent
absolute values in critically ill patients [22].

This is an observational clinical study limited by the
needs of routine patient care and its small sample size.
There are possible interactions with intravenous vasoac-
tive medications, in particular dihydralazine. A significant
effect of these medications on Mx values could not be
found. However, because of the small sample size this
does not preclude any influence of vasodilators on auto-
regulation. Furthermore, statin treatment may improve
autoregulation and outcome in acute subarachnoid hem-
orrhage [23]. Only three of the present patients were
treated with statins, preventing any meaningful analysis.
The impact of short-term statin treatment on dysautore-
gulation in individual ICH patients may be of future
interest, although outcome in patients pre-treated with
statins was not generally better in observational studies
[24]. Regarding the applied transcranial Doppler meth-
odology, the presence of a mass lesion could have led to
physical distortion of the insonated MCA. In this situa-
tion, the CBFV signal in the MCA still reflects
downstream arteriolar resistance. Strong distortion should
have led to compression or kinking of the MCA, leading
to a stenotic signal with clearly elevated, turbulent CBFV.
This was, however, not observed in the present patients.
Finally, the present mode of nCPP calculation from
noninvasive signals is limited by the possibility of
covariance because the same fingerplethysmographic
ABP signal was used to calculate nICP and nCPP. Results
of nCPP should thus be regarded with caution.

Previous clinical studies challenged the lower
threshold of static autoregulation in acute ICH by

Table 4 Multivariate analysis for clinical outcome (mRS day 90)

Factor Estimate Standard
error

p Value

Mx
Model 1 (Mx ipsilateral day 5), adj. R2 = 0.50
Mx ipsilateral day 5 5.889 1.966 0.013
nCPP ipsilateral day 5 0.027 0.02 0.204
Mean CBFV ipsilateral day 5 0.007 0.018 0.703
ICH volume 0.013 0.017 0.454
Ventricular hemorrhage 0.757 0.712 0.307
Age 0.03 0.026 0.272
Male sex -0.952 0.919 0.319

Model 2 (Mx ipsilateral difference day 3–5), adj. R2 = 0.48
Mx ipsilateral difference day 3–5 6.826 2.205 0.01
Mx ipsilateral day 3 4.927 2.439 0.068
nCPP ipsilateral day 5 0.016 0.022 0.476
Mean CBFV ipsilateral day 5 -0.008 0.021 0.709
ICH volume 0.016 0.018 0.394
Ventricular hemorrhage 0.503 0.737 0.509
Age 0.016 0.029 0.597
Male sex -0.289 1.053 0.789

The Mx model using the difference between days 3 and 5 was
additionally corrected for absolute values on day 3
nCPP noninvasive cerebral perfusion pressure, ICH intracerebral
hemorrhage
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pharmacological ABP reduction [5, 25–27]. Only one
study assessed the time course of autoregulation in deep
ICH [27]. Three days after ICH, autoregulation in both
hemispheres was globally impaired mainly with MAP
reduction of more than 20%. Impairment was less pro-
nounced around the clot because of possible false
autoregulation. Three weeks after ICH, poor periclot
autoregulation with restored autoregulation in the hemi-
spheres was observed. Powers et al. [5] found no negative
influence of reducing mean ABP up to 15% on early
periclot or global blood flow during the first 24 h.

Two studies measured cerebral vasoreactivity in acute
ICH. A Doppler study found CO2 reactivity to hypocapnia
(vasoconstrictory response) measured within 48 h depen-
dent on ICP and related with clinical outcome [28]. A recent
study continuously monitored the correlation between ABP
and ICP in critically ill ICH patients [29]. The calculated
pressure reactivity index indirectly reflects autoregulatory
activity. Impaired mean values averaged over the whole
monitoring period of days 2–5 after onset of ICH were
related with poor clinical status at discharge and lower CPP.

As in previous studies, most of our patients had
chronic hypertension, which may additionally impair
autoregulation [30]. There was no early relation of the

presently observed nCPP or blood pressure ranges to Mx
autoregulatory capacity. Yet, on day 5 lower nCPP related
with poorer autoregulation on ipsilateral sides. This
delayed dependency on perfusion pressure supports the
hypothesis of secondary autoregulatory decline during
acute ICH. Continuous monitoring studies in traumatic
brain injury have emphasized the need for an ‘‘optimal’’
CPP adapted to the current autoregulatory status,
regarding both lower and upper limits of CPP [31]. This
may also hold true for ICH patients [29].

In conclusion, this pilot clinical study suggests that
there is no general failure of autoregulation in acute ICH.
In individual patients, however, secondary decline of
cerebral autoregulation can evolve mainly in affected
hemispheres. This is associated with poor clinical status,
ventricular hemorrhage, lower cerebral perfusion pressure
and worse clinical outcome.
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