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Abstract The cerebrovascular time constant (τ) theoretically estimates how 
fast the cerebral arterial bed is filled by blood volume after a sudden 
change in arterial blood pressure during one cardiac cycle. The aim 
of this study was to assess the time constant of the cerebral arterial 
bed in patients with traumatic brain injury (TBI) with and without 
intracranial hematomas (IH). We examined 116 patients with severe 
TBI (mean 35 ± 15 years, 61 men, 55 women). The first group 
included 58 patients without IH and the second group included 58 
patients with epidural (7), subdural (48), and multiple (3) hematomas. 
Perfusion computed tomography (PCT) was performed 1–12 days 
after TBI in the first group and 2–8 days after surgical evacuation 
of the hematoma in the second group. Arteriovenous amplitude of 
regional cerebral blood volume oscillation was calculated as the 
difference between arterial and venous blood volume in the “region 
of interest” of 1 cm2. Mean arterial pressure was measured and the 
flow rate of the middle cerebral artery was recorded with transcranial 
Dopplerography after PCT. The time constant was calculated by the 
formula modified by Kasprowicz. The τ was shorter (p = 0.05) in both 
groups 1 and 2 in comparison with normal data. The time constant in 
group 2 was shorter than in group 1, both on the side of the former 
hematoma (р = 0.012) and on the contralateral side (р = 0.044). The 
results indicate failure of autoregulation of cerebral capillary blood 
flow in severe TBI, which increases in patients with polytrauma and 
traumatic IH.

Keywords (separated by “ - ”) Head injury - Cerebrovascular time constant - Cerebral 
microcirculation
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 Introduction

The basic principle of brain damage therapy is to maintain ade-
quate perfusion and oxygenation, which is impossible without 
the evaluation of these parameters and the timely correction of 
detected disorders [12]. It is believed that neuromonitoring 
should not be limited to monitoring of single parameters of 
homeostasis but should tend to determine and monitor the state 
of various organs and systems based on integral analysis with 
the calculation of derivative (surrogate) indices and values, 
which reflect the state of various parts of homeostasis for further 
correction of any detected disorders [18]. This approach enables 
us to determine the functional state of those structures for which 
direct study is either impossible or only accessible experimen-
tally, such as the microvasculature [18].

However, in clinical practice, the determination of these val-
ues has had, until recently, some significant technical con-
straints associated with the necessity of the lifetime assessment 
of pulse changes in the area of the main vessel under study 
during one cardiac cycle [3, 14]. There are no such constraints 
when determining τ, cerebrovascular time constant, which 
characterizes the time for complete filling with blood of the 
cerebral pial bed during one cardiac cycle [5]. Hence, cerebro-
vascular time constant can be evaluated, by analogy with an 

electrical RC circuit, as a product of compliance of the cerebral 
arterial bed (Ca) [1] and cerebrovascular resistance (CVR) [5]. 
This index is independent of the pulse difference of the blood 
transfer vessel area [7]. Although the term “time constant” is 
used, the values of the time constants vary widely with differ-
ent cerebral pathology, such as subarachnoid hemorrhage, 
carotid stenosis, and hypoxic brain injury [6, 8, 17]. In a broad 
sense, τ changes reflect the brain’s ability to maintain continu-
ous perfusion of the cerebral microcirculation under conditions 
of spontaneous variations of intracranial pressure [9]. However, 
τ peculiarities still remain poorly studied.

The aim of the study was to assess the time constant of the 
cerebral arterial bed in patients with severe traumatic brain 
injury (TBI) with and without intracranial hematoma.

 Materials and Methods

We examined 116 polytrauma patients with severe head 
injury who were treated at the Nizhny Novgorod Regional 
Trauma Center Level I in 2012–2014. The mean age of the 
patients with head injury was 34.5 ± 15.6 years (from 15 to 73 
years). There were 53 women and 63 men. The first group 
included 58 patients without intracranial hematoma and the 
second group included 58 patients with epidural (7), subdural 
(48,) and multiple (3) hematomas. The wakefulness level 
according to GCS (Glasgow Coma Score) averaged 
11.2 ± 1.4 in the first group and 10.1 ± 3.4 in the second group. 
The severity of their state according to ISS (Injury Severity 
Score) was 31 ± 12 in the first group and 28 ± 11 in the second 
group. Clinical outcomes are summarized in Table 1.

 Perfusion Computed Tomography

All patients were subjected to perfusion computed tomogra-
phy (PCT) by 64-slice tomograph (Toshiba Aquilion TSX- 
101A; Toshiba Medical Systems, Europe BV, Zoetermeer, 
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The Netherlands). PCT was performed 1–12 days after TBI 
in the first group and 2–8 days after surgical evacuation of 
the hematoma in the second group. The perfusion examina-
tion report included an initial contrast-free CT of the brain 
[15]. The so-called “area of interest” was established based 
on areas of middle cerebral artery.

Extended scanning was further performed of four such 
“areas of interest,” 32 mm in thickness, within 55 s with a 
contrast agent administered (the brain perfusion mode). The 
scanning parameters were 120 kVp, 70 mA, 70 mAs, and 
1,000 ms. The contrast agent (Ultravist 370, Schering AG, 
Berlin, Germany) was administered with an automatic 
syringe injector (Stellant, Medrad, Indianola, PA, USA) into 
a peripheral vein through a standard catheter (20 G) at a rate 
of 4–5 ml/s in a dose of 30–50 ml per one examination.

After scanning, the data volume was transferred to a 
workstation (Vitrea 2, Vital Imaging, Inc., ver. 4.1.8.0). 
Artery and vein marks were automatically recorded, fol-
lowed by the manual control of indices in the time- 
concentration diagram.

The so-called “area of interest” was established based on 
subcortical areas of middle cerebral artery. Arteriovenous 
amplitude of regional cerebral blood volume oscillation 
(delta cerebral blood volume, ΔCBV) was calculated as the 
difference between arterial and venous blood volume in the 
“region of interest” of 1 cm2 [9].

Cerebral blood flow velocity of the middle cerebral artery 
was recorded bilaterally using transcranial Doppler ultra-
sound with 2-MHz probes attached with a headband 
(Spectromed, Sonomed 300 M, Russia). Arterial blood pres-
sure was measured noninvasively (Cardex, MAP-03, Russia) 
after PCT.

 Statistical Analysis

For the calculation of the time constant, we used the formula 
proposed by Kasprowicz et al. [9], amended by Czosnyka 
et al. [4]:

 τ × ×  = ampCaBV MAP / Vmean ampABP  

where ampСаВV is the arteriovenous amplitude of regional 
cerebral blood volume, MAP is mean arterial pressure, Vmean is 
mean flow velocity rate of middle cerebral artery, and ampABP 
is amplitude arterial blood pressure. Reference range τ was cho-
sen according Kasprowicz et al. [7] as 0.22 ± 0.06 сек.

The t-test for dependent samples was utilized to analyze dif-
ferences in means of parameters between the ipsilateral and 
contralateral sides of the temporal lobes. The program Statistica 
7.0 (StatSoft Inc., Tulsa, OK, USA) was used for the analysis. 
A significance level of p < 0.05 was determined.

 Results

Mean values and standard deviations of the data are summa-
rized in Table 2. The cerebrovascular time constant was 
shorter (p = 0.05) in both the first and second group (with or 
without traumatic hematomas) in comparison with normal 
data (p < 0.05). The time constant in the second group was 
shorter than in the first group, both on the side of the former 
hematoma (р = 0.012) and on the contralateral side 
(р = 0.044). Moreover, there was no significant difference in 
τ between the perifocal zone of the former hematoma and the 
same locus of the contralateral hemisphere. Also, no signifi-
cant effects of patient age on the τ value were found (р > 0.05).

 Discussion

Microcirculatory disorders play a key role in the develop-
ment of hypoperfusion and secondary brain ischemia [4, 11]. 
One of the factors, which enables simultaneous estimation of 
both the capacitive and resistive characteristics of the cere-
bral pial bed, is cerebrovascular time constant, which is cal-
culated as the product of cerebrovascular arterial compliance 
and cerebrovascular resistance [17].

In our opinion, there may be a few reasons for the τ reduc-
tion, but all of them seem to be associated with brain edema: 
first, development of combined (vasogenic and cytotoxic) 
edema resulting from a drop in arterial compliance [1, 2], 
and, second, brain edema may cause pial compression and 
reduce the total volume of capacitive vessels, thus changing 
the value of resistivity [13]. The τ shortening by hematoma 
on the side of the eliminated cortical compression may be 
explained by the vasodilation of vessels resulting from the 
vascular wall tone dysautoregulation [13]. This is indirectly 
confirmed by the fact of remaining τ variations even after the 
compression factor elimination. The failure of microcircula-
tory autoregulation may result in disturbed blood outflow 
from the channel and in the long stagnation of some blood in 
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Table 1 Clinical outcome (Glasgow Outcome Score) of polytraumatized patients

N (%)
GOS 1
Good recovery

GOS 2
Moderate disability

GOS 3
Severe disability

GOS 4
Vegetative state

GOS 5
Death Total

Group 1 27 16 11 3 1 58 (100 %)

Group 2 25 14 8 8 3 58 (100 %)

A. Trofimov et al.
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resistive vessels, whereby the pial bed may be filled much 
faster [10].

 Limitations of the Study

It is probably impossible to carry out the dynamic assess-
ment of τ without a repeated PCT. We failed to completely 
eliminate a mathematical error associated with the measure-
ment of the “area of interest” space.

We believe that the results of our study provide conditions 
for a differentiated approach to solving the question of tim-
ing of orthopedic correction of extracranial injuries in poly-
traumatized patients, which is during the period of 
microcirculatory normalization and minimal risk of the sec-
ondary brain injury.

 Conclusion

The cerebrovascular time constant was shorter (p = 0.05) in 
both the first and second groups in comparison with normal 
data. The cerebrovascular time constant in the second group 
was shorter than in the first group, both on the side of the 
former hematoma (р = 0.012) and on the contralateral side 
(р = 0.044). The results indicate severe dysregulation of cere-
bral blood flow in severe TBI, which increases in patients 
with polytrauma and traumatic hematomas.

Conflicts of Interest We declare that we have no conflicts of interest.
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Table 2 Comparison of the analyzed parameters

MAP (mm Hg) ampABP (mm Hg) Vmean (sm/s) ΔCBV (sm3) τ (sec)

1 Group 1 99.1 ± 13.6 63.9 ± 11.7 41.1 ± 13.3 2.6 ± 0.8 0.10 ± 0.02

2 Group 2 (ipsilateral sides) 97.9 ± 14.6 65.3 ± 12.2 46.5 ± 16.4 2.6 ± 1.8 0.08 ± 0.08

3 Group 2 (contralateral sides) 97.9 ± 14.6 65.3 ± 12.2 41.7 ± 13.8 2.9 ± 1.4 0.09 ± 0.07

Р (1–2) 0.701 0.541 0.086 0.772 0.012a

Р (1–3) 0.225 0.428 0.821 0.355 0.044a

Р (2–3) 0.231 0.166 0.284 0.62 0.399
aDifference is statistically significant
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