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Abstract Objective: The aim was to evaluate changes in 
cerebrovascular resistance (CVR) in combined traumatic 
brain injury (CTBI) in groups with and without intracranial 
hematomas (IH).

Materials and Methods: Treatment outcomes in 70 
patients with CTBI (42 males and 28 females) were studied. 
Mean age was 35.5 ± 14.8 years (range, 15–73). The patients 
were divided into two groups: group 1 included 34 CTBI 
patients without hematomas; group 2 comprised 36 patients 
with CTBI and IH. The severity according to the Glasgow 
Coma Scale averaged 10.4 ± 2.6 in group 1, and 10.6 ± 2.8 in 
group 2. All patients underwent perfusion computed tomog-
raphy (CT) and transcranial Doppler of both middle cerebral 
arteries. Cerebral perfusion pressure and CVR were 
calculated. 

Results: The mean CVR values in each group (both with 
and without hematomas) appeared to be statistically signifi-
cantly higher than the mean normal value. Intergroup com-
parison of CVR values showed statistically significant 
increase in the CVR level in group 2 on the side of the 
removed hematoma (р = 0.037). CVR in the perifocal zone 
of the removed hematoma remained significantly higher 
compared with the symmetrical zone in the contralateral 
hemisphere (p = 0.0009).

Conclusion: CVR in patients with CTBI is significantly 
increased compared to the normal value and remains ele-
vated after evacuation of hematoma in the perifocal zone 
compared to the symmetrical zone in the contralateral hemi-
sphere. This is indicative of certain correlation between the 
mechanisms of cerebral blood flow autoregulation and main-
taining CVR.

Keywords Combined traumatic brain injury · Intracranial 
hematoma · Cerebrovascular resistance

 Introduction

The optimum cerebral perfusion can be determined using 
simultaneously several methods of evaluating cerebral 
macrocirculation and microcirculation—for example, tran-
scranial Doppler (TCD) studies done simultaneously with 
perfusion computed tomography (PCT), with subsequent 
calculation of “secondary” surrogate indices [1]. Such an 
approach is widely used in studying cerebral blood flow 
(CBF) [2]. The use of this approach provides the opportunity 
to assess the status of the cerebral microcirculatory bed [1] 
and to calculate the indices of cerebral hemodynamics with 
high accuracy [3]. One of these parameters is cerebrovascu-
lar resistance (CVR) [4]. It has been established that CVR 
provides constant brain perfusion in conditions of changing 
blood pressure (BP), which prevents vasogenic brain edema 
development. Such an effect of CVR occurs within the same 
BP interval in which the mechanisms of CBF autoregula-
tion operate. It speaks of a definite correlation between the 
mechanisms of CBF autoregulation and maintaining CVR 
[5]. Change in CVR occurs mainly through changing smooth 
muscle tonus of the whole microcirculatory bed—namely, 
small arterioles and capillaries, which account for 50% of 
total vascular resistance [6, 7]. Thus, CVR reflects the status 
of all bloodstream components and is of great importance for 
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understanding the physiology of vascular disturbances after 
brain injury [8]. It has been established that CVR increase is 
a predictive sign of cerebral vasospasm and delayed ischemia 
development [9]. Therefore, understanding  microcirculatory 
reaction, particularly in conditions of combined traumatic 
brain injury (CTBI) against the background of intracranial 
hematoma (IH) formation, allows the development of CBF 
impairment to be predicted. The aim was to evaluate changes 
in CVR in severe CTBI in groups with and without IH.

 Materials and Methods

The study complies with the Declaration of Helsinki and 
was approved by the local Ethics Committee of Nizhny 
Novgorod Regional Clinical Hospital N.A. Semashko. All 
the patients gave informed consent to participate in the 
study. Seventy patients with CTBI were treated at the 
Regional Trauma Center in 2012–2015. The mean age of 
the patients was 35.5 ± 14.8 years (range, 15–73). There 
were 28 women and 42 men. The patients were divided into 
two groups: group 1 included 34 CTBI patients without 
hematomas; group 2 comprised 36 patients with CTBI and 
IH (6 epidural, 26 subdural, 4 multiple). The groups were 
comparable in age and severity of TBI and concomitant 
lesions. The severity of condition according to the Glasgow 
Coma Scale (GCS) in group 1 averaged 10.4 ± 2.6; in group 
2 it was 10.6 ± 2.8. The severity of injuries according to the 
Injury Severity Score scale in group 1 averaged 32 ± 8 and 
was 31 ± 11 in group 2. All patients underwent surgery 
within the first 3 days.

 Perfusion Computed Tomography

All the patients underwent a PCT examination of the brain on 
a multislice tomograph (Toshiba Aquilion TSX-101A; Toshiba 
Medical Systems, Zoetermeer, The Netherlands). In group 1, 
PCT examination of the brain was performed within the first 
14 days after injury (average of 4 ± 3 days); in group 2, it was 
done within 2–8 days after surgical procedure (average of 
4 ± 2 days). All the patients breathed spontaneously, and 
required no BP support. The data were transferred to a Vitrea 
2 workstation (Vital Imaging, Salt Lake City, UT, USA). The 
regions of interest (ROIs) were established symmetrically sub-
cortically in the temporal lobes on the level of the middle tem-
poral gyrus, which corresponded to the vascular supply area of 
the middle cerebral artery (MCA). In patients of group 2, the 
ROI located on the side of the removed hematoma corre-
sponded to the perifocal zone of microcirculatory changes. 
Assessment of the mean arterial pressure (MAP) was per-
formed (MAP-03; Cardex, Nizhny Novgorod, Russia) simul-

taneously with PCT and was immediately followed by TCD of 
both MCAs (Sonomed 300 M; Spectromed, Moscow, Russia) 
to provide consistent conditions for the study of CBF. Cerebral 
perfusion pressure (CPP) was calculated using the formula 
modified by Czosnyka et al. [10]:

 Calculated CPP MAP d m= × ÷ +V V 14  

where Vd is diastolic velocity, Vm is mean velocity.
In PCT study we also calculated the values of regional 

СBF. To calculate CVR the following formula was used [11]:

 CVR CPP rCBF= ÷  

The mean normal CVR value (the conditional norm) was 
estimated as follows [11]:

 1 31 0 24. .± × ×mmHg 100g min/ml.  

 Statistical Analysis

The obtained data had a normal distribution, so they were 
presented as the average ± standard deviation. Comparisons 
between the groups were performed using the Student t-test. 
The level of significance was taken as p < 0.05.

 Results

Analysis of the studied parameters in the groups (Table 1) 
showed that the mean CVR values in each group CTBI (both 
with and without IH) appeared to be statistically significantly 
higher than the mean normal value. Intergroup comparison 
of CVR values showed statistically significant increase in the 
CVR level in group 2 on the side of removed IH compared 
with group 1 (р = 0.037).

The most significant differences were revealed in patients 
of group 2: the mean CVR in the perifocal zone of removed 
IH remained significantly higher compared to that in the 
symmetrical zone of the contralateral hemisphere 
(p = 0.0009). Besides, diastolic and mean CBF velocity as 
well as CPP differed significantly in the above zones 
(р = 0.005, р = 0.001 and р = 0.0000001, respectively). 
Analysis of CVR values in various types of IH showed no 
statistically significant differences (р > 0.05).

 Discussion

The evaluation of CVR status is necessary since it can 
serve as a predictor of posttraumatic vasospasm and sec-
ondary brain damage development [4, 12]. It has been 
demonstrated that CVR in CTBI statistically significantly 
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increases  compared with the norm. One of the reasons for 
this increase is development of mixed brain edema [12], 
resulting in compression of pial vessels. CT signs of brain 
edema were found in all 70 patients and indirectly confirm 
this hypothesis. Another reason may be regional microvas-
cular vasospasm due to a high concentration of blood deg-
radation products trapped in the subarachnoid spaces. This 
effect results from oxidation of oxyhemoglobin to methe-
moglobin with release of ferrum ions. Moreover, super-
oxides are supposed to change NO concentration, which 
leads to development of microvascular vasospasm [9]. In 
our study, TCD revealed no signs of vasospasm in those 
who suffered CTBI. In contrast to laser Doppler flowmetry, 
this method does not provide the possibility to evaluate 
microvascular spasm. Also, compression of microvascula-
ture can develop due to astrocytic endfeet swelling directly 
adjacent to the capillary wall [13]. The compression of pial 
vessels is associated with dysfunction of pericytes, the cells 
embedded in the basement membrane of capillaries. It has 
been reported that narrowing of arterioles and capillaries 
in TBI occurs due to impaired expression of endothelin-1 
and its pericytic receptors type A and B; this is caused by 
migration of more than 40% of pericytes from basement 
membrane [14]. It should be noted that brain compres-
sion by IH changes CVR even more. Thus, we have found 
that even after IH evacuation, CVR in its perifocal zone 
remained significantly higher than in the symmetrical zone 
of the contralateral hemisphere. Some researchers point 
out that compression of the capillary system in the peri-
focal zone of hematoma can reach such values at which 
blood flow in arterioles stops [4]. Such a situation leads to 
reduction in the number of functioning capillaries and CVR 
increase on the side of compression. In these conditions, 
temporary microvascular shunts open, and supracapillary 
and intercapillary shunting phenomena develop to maintain 
perfusion in the perifocal zone [14]. Probably, the develop-

ment of capillary shunting syndrome explains the daunting 
result obtained in our study, when predicted CVR value on 
the side of the removed hematoma appeared to be higher 
than MAP. Thus, the obtained findings enable us to con-
clude that in the early stage of CTBI, marked changes in 
CVR and cerebral microcirculation occur, which are exac-
erbated by development of ICH.

 Conclusion

CVR at CTBI is significantly increased compared to the nor-
mal value. After evacuation of hematoma in the former peri-
focal zone, CVR remains significantly elevated compared to 
the symmetrical zone in the opposite hemisphere. The analy-
sis of CVR status offers the possibility to distinguish a group 
of patients with high risk of cerebral vasospasm and second-
ary insult development.
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