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Liyun Yu1, Xiping Jiao2, Ying He2
Department of Anesthesiology, Beijing Electric Power Hospital, Beijing 100073, China; 2Department of
Anesthesiology, Beijing Tiantan Hospital, Beijing 100050, China
1

Received December 7, 2015; Accepted May 19, 2016; Epub July 15, 2016; Published July 30, 2016
Abstract: Moyamoya patients underwent cerebral revascularization surgery had higher risk for postoperative complications. Cerebral autoregulation impaired may be the main mechanism for postoperative complications. In our
study, we used correlation coefficient r between cerebral tissue oxygenation index (TOI) and mean arterial blood
pressure (MAP) to assessing of cerebral autoregulation. Total 30 moyamoya patients measured MAP and TOI.
Spearman rank correlation coefficient r was calculated between MAP and TOI. 8 (26.67%) patients had postoperative neurological deterioration. The absolute value of r above 0.414 was adopted as diagnostic standard to predict
postoperative neurological deterioration. Its sensitivity was 0.875, and specificity was 0.864. Correlation coefficients r was best predictors of postoperative neurological deterioration in our study. The meaning of correlation
coefficient r need further study in a larger sample.
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Introduction
Moyamoya disease (MMD) is a chronic, occlusive cerebrovascular disease with unknown etiology characterized by bilateral steno-occlusive
changes at the terminal portion of the internal
carotid artery and an abnormal vascular network at the base of the brain [1]. The histopathology of MMD shows the large vessels of the
circle of Willis display fibrocellular thickening of
the tunica intima with excessive proliferation of
the vascular smooth-muscle cells, marked tortuousness of the internal elastic lamina, and
attenuation of the tunica media [2]. The collateral vascular networks that are characteristic
of MMD show an irregular-shaped lumen and
abnormal angioarchitecture [2]. The clinical
features of MMD include ischemic strokes,
intracerebral hemorrhages, seizures, and debilitating headaches [3]. Medical treatment with
antithrombotics or vasodilators is ineffective
[3]. Surgical revascularization for moyamoya
disease including superficial temporal arterymiddle cerebral artery (STA-MCA) anastomosis
with or without indirect bypass is generally
used as the standard surgical treatment for

moyamoya disease [1, 4-7]. Cerebral revascularization surgery is a safe and effective treatment [7, 8], which prevents cerebral ischemic
attack by improving cerebral blood flow [1].
However, the incidence of complications is
higher in MMD patients who undergo surgery.
Postoperative complications were defined as
new neurologic events occurring within 30 days
of each bypass operation [3]. Complications
can be organized as ischemic injury [9], symptomatic hyperperfusion [10], and intracerebral
hemorrhage [4], according to pathophysiological distinctions. The incidence of symptomatic
hyperperfusion is 38.2% for adult-onset moyamoya patients [1]. According to the duration of
complications, surgery complications divided
into transient neurologic deterioration (TND)
and permanent neurological deficit [5]. TND
resolved between a few hours to 14 days [3].
Hyperperfusion after surgery [4, 6, 11, 12] and
cerebral autoregulation impaired [5, 13] are the
main mechanisms for TND. Patients with poorer
cerebrovascular reactivity (CVR) are known to
have potentially higher risk for hyperperfusion
syndrome [1, 4]. CVR defined as an increase in
CBF in response to a given vasodilatory stimu-
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lus [8], and is solely in connection with vasodilation or vasoconstriction [14]. Cerebral autoregulation can be affected by a number of physiological parameters, such as transmural pressure, carbon dioxide, autonomic function, and
etc [14]. CVR measurements using various
imaging techniques have been used to assess
cerebral autoregulation of moyamoya patients
[15]. Cerebral autoregulation is mediated by
CVR [15]. So cerebral autoregulation impaired
may be the main mechanism for TND.
Cerebral autoregulation can be explained by a
tight coupling between oxygen supply and
demand of the brain [16], and is essential to
maintain a constant cerebral blood flow (CBF)
in the context of changes in cerebral perfusion
pressure [17]. Transcranial Doppler measurement of cerebral blood flow velocity in the middle cerebral artery has been widely to assess
cerebral autoregulation [18]. Steiner et al studied correlation between the index of cerebral
autoregulation assessed with blood flow velocity using transcranial Doppler, and cerebral tissue oxygenation index (TOI) recored with Nearinfrared spectroscopy (NIRS) [19]. There is a
good correlation between the two indexes.
Transcranial Doppler has the characters of bedside availability, non-invasiveness and high
temporal resolution in measuring changes in
cerebral blood flow velocity [20]. However, transcranial Doppler can not measure the diameter
of the vessel directly, the validity of using this
technique is based on the assumption that
changes in cerebral blood flow velocity represent changes in cerebral blood flow volumetric,
it is assuming that the diameter of basal cerebral arteries does not change significantly in
the face of changes in blood pressure [20].
NIRS is a neuroimaging tool for studying evoked
hemodynamic changes within the brain, which
also has the characters of bedside availability,
non-invasiveness and higher temporal resolution [21]. NIRS has used to investigation of the
changes in cerebral hemodynamic level. In our
study, we used NIRS to calculating index of
cerebral autoregulation of MMD and assessing
the relationship between the autoregulation
index and TND.
NIRS is a noninvasive technology that real-time
monitors TOI [22, 23]. The technique is based
on the Beer-Lambert law [23]. Oxygenated and
deoxygenated hemoglobin have characteristic
and different absorption spectra in near infrared light (700-950 nm) as it passed through tissue [22]. Their concentrations in tissue can be
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calculated by their relative absorption of light at
these wavelengths [23]. The ratio of oxygenated hemoglobin to total hemoglobin represents
the oxygen saturation of tissue under the sensor [23]. NIRS has the potential to identify
impaired cerebral autoregulation and to detect
cerebral hypoperfusion [22, 23]. The rationale
of using NIRS to monitor cerebral autoregulation is based on the assumption that the oxygen content of brain is positively related to arterial oxygen saturation, cerebral blood flow
(CBF), and oxygen tissue diffusivity, and negatively associated with the cerebral metabolic
rate for oxygen [19]. NIRS measures hemoglobin oxygenation in a combination of arterial,
venous and capillary blood [22, 23]. TOI measured by NIRS represents true tissue oxygen
saturation and can identify cerebral ischemia
[22]. TOI may give similar information as CBF
with presumed stable arterial saturation, stable metabolism, and stable oxygen tissue diffusivity [19, 24]. The advantage for TOI monitoring CBF is noninvasive, continuous signal, and
close proxy for CBF [24]. Under general anesthesia, with presumed stable anesthesia depth,
stable metabolism, stable inspired oxygen concentration, and arterial carbon dioxide partial
pressure (PaCO2), comparisons of changes in
local cerebral oxygen saturation taking place in
response to changes in blood pressure, maybe
give similar information as a comparison of
changes in CBF and blood pressure. Cerebral
autoregulation of moyamoya patients impaired,
a fall in MAP will result in a decrease in CBF
with resultant cerebral ischemia and infarction
[8, 10]. It is important to perioperatively maintain the blood pressure at or above the preoperative baseline to prevent cerebral ischemia
and infarction [10]. During revascularization
procedures the patient’s blood pressure is tent
to decrease because of the anesthesia. The
question is which blood pressure limits are
best for moyamoya patients to increase CBF.
The aim of this study was to investigate how
blood pressure influences cerebral oximetry
using NIRS. We also analyzed the incidence of
postoperative complications.
Material and methods
Subjects
Data were prospectively collected during the
clinical study. Total 30 moyamoya patients
(range 23-61 years, mean 41.2 years), 18 men
and 12 women, underwent STA-MCA anastomosis with general anesthesia in Tiantan hosInt J Clin Exp Med 2016;9(7):13079-13085
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pital, from February 2012 until October 2012.
Inclusion criteria: age >18 years, and adultonset moyamoya patients. All patients underwent STA-MCA anastomosis. Exclusion criteria:
anemia, diabetes mellitus, other serious systemic diseases, and postoperative infection.
The protocol approved by the Ethical Committee. Informed consent was obtained from
patients or their families.

rank correlation coefficient, termed r, was calculated between MAP and TOI for each subject.
The correlation coefficient r has a standardized
value (range, -1 to +1). It indicates a close relationship that absolute value of correlation coefficient r is greater than 0.5. The larger the absolute value of r indicates that MAP and TOI has
more close relationship. Statistical analysis in
this article used the absolute value of r.

Measurements and protocol

To detect diagnostic significance of correlation
coefficient r, receiver-operating characteristics
(ROC) with the area under the curve (AUC) were
calculated.

Anesthesia was induced with propofol (2-2.5
mg/kg), sufentanyl 0.3 μg/kg and rocnium 0.6
mg/kg, maintained with propofol 6-8 mg/kg/
hour and remifentanyl 0.1-0.2 μg/kg/min.
Depth of anesthesia maintained at bispectral
index 40-50. Ventilation was controlled to
obtain a target PaCO2 38-40 mm Hg [25]. Fractioned inspired oxygen is 60%. The blood
pressure was maintained at or above the preoperative baseline, if necessary, by intravenous
phenylephrine [26].
Mean arterial blood pressure (MAP) was measured directly from the radial artery using a
standard pressure transducer (DELTRAN II
Disposable pressure transducer, Utah Medical
Products, United States). TOI of the frontal cortex was measured by NIRS (FORE-SIGHT
MC-2000 Monitor, CAS Medical System, U.S.A.).
The probe for TOI measurement was placed on
the contralateral forehead because of the operative field. Monitoring frequency of FORE-SIGHT
MC-2000 Monitor is 0.5 Hz. MAP and NIRS
data were recorded simultaneously for 40-50
minutes, from the beginning of operation to
separating STA.
Sensory evoked potential recording and motor
evoked potential recording were performed
during the operations.
Computed tomography (CT) was routinely measured in all patients 1 day after surgery. In
some patients presenting with postoperative
neurological deficit, magnetic resonance imaging (MRI) and/or CT were performed during or
just after symptoms manifested. We examined
the incidence of postoperative complications
until hospital discharge.
Statistical analysis
Nonparametric statistical methods were used,
because the majority of variables did not have
significantly normal distributions. Spearman
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For data analysis, patients were assigned to
one of two groups: those with postoperative
neurological deficit (group POND) and those
without any signs of neurological change (group
NORM). The values were expressed as the
median ± standard deviations (SD). The data
were tested for the normality (KolmogorovSmirnov test) at the group level. T Test and
Fisher’s exact test was used to present differences in characteristics between group POND
and NORM. SPSS 17.0 for Windows (SPSS Inc.,
Chicago, Illinois, USA) was used to analyze the
data. Significance was set at P<0.05 for all statistical tests.
Results
Total 30 adult-onset moyamoya patients with
30 surgeries in this study, mean age was
41.2 years. There were 12 (40%) females. 8
(26.67%) patients had postoperative neurological deterioration. 1 (3.33%) patient had postoperative cerebral infarction. His postoperative
MRI showed fresh area of infarction. 7 (23.33%)
patients suffered from temporary neurological
deterioration. Their postoperative MRI/CT
showed no ischemic changes, and the symptoms improved within 2 weeks. Sensory evoked
potential and motor evoked potential unchanged during the operation for all patients.
Spearman rank correlation coefficient r, was
calculated between MAP and TOI for every
patient. Complications and Spearman correlation coefficient r were present in Table 1. It indicated a close relationship that absolute value
of correlation coefficient r was greater than 0.5.
There were 5 patients whose absolute value of
correlation coefficient r was greater than 0.5.
They developed neurological complications
after the by-pass surgery.
Int J Clin Exp Med 2016;9(7):13079-13085
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Table 1. Spearman correlation coefficient r and clinical characteristics of the patients
Case Sex/age
On-set type
No.
(yr)
1
M/42
ischemic
2
F/50
ischemic
3
F/42
ischemic
4
M/40
ischemic
5
M/23
ischemic
6
M/37
ischemic
7
F/45
ischemic
8
F/38 hemorrhagic
9
M/61
ischemic
10
M/30
ischemic
11
M/36 hemorrhagic
12
F/59
ischemic
13
M/36
ischemic
14
F/52
ischemic
15
M/43
ischemic
16
F/46
ischemic
17
M/42
ischemic
18
F/44
ischemic
19
M/59 hemorrhagic
20
M/28 hemorrhagic
21
M/43
ischemic
22
F/43 hemorrhagic
23
M/29
ischemic
24
M/41
ischemic
25
F/40 hemorrhagic
26
F/45 hemorrhagic
27
M/37
ischemic
28
M/36
ischemic
29
F/26 hemorrhagic
30
M/44
ischemic

BMI
27.0
26.7
28.7
26.0
21.5
26.4
23.4
22.7
26.8
28.7
22.5
25.8
27.0
23.7
27.0
25.0
21.8
26.7
26.6
18.3
24.2
22.3
24.7
34.4
26.4
25.0
26.6
23.2
22.6
22.5

MAP
(mm Hg)
57.8±1.4
67.1±3.7
76.6±2.6
60.4±2.2
73.1±3.0
65.2±0.7
65.1±1.2
70.8±3.1
80.8±3.7
76.3±4.1
58.2±1.5
62.4±2.6
66.0±0.8
64.1±0.6
58.9±5.8
58.4±0.2
66.0±1.0
60.63±0.6
74.4±0.9
59.1±1.1
63.8±0.8
60.5±1.6
66.8±3.5
62.1±1.6
58.2±0.6
59.4±0.3
66.5±0.5
70.3±2.5
74.4±1.6
59.7±1.0

TOI
81.9±5.2
86.7±3.1
96.9±6.1
95.6±5.4
92.1±4.8
100.7±3.1
101.5±4.9
81.1±3.8
64.2±1.3
89.1±11.0
86.0±5.9
92.1±4.9
97.95±6.8
105.4±6.4
96.1±8.1
78.3±2.3
84.5±2.8
98.7±3.0
84.1±5.1
75.1±2.3
87.0±1.5
71.4±8.3
91.9±5.1
95.6±9.1
80.6±3.8
87.7±4.7
73.6±4.2
90.0±2.7
82.5±5.2
101.0±5.6

HR
(beats/min)
55.0±1.3
55.6±3.5
70.1±3.4
60.1±2.6
78.9±1.3
61.3±1.8
66.4±1.8
72.1±5.1
56.0±3.7
66.1±5.9
63.8±4.2
51.0±2.2
55.3±3.1
51.4±2.1
65.0±3.3
53.1±1.5
72.3±1.9
61.9±1.4
63.9±1.3
79.5±1.2
68.5±1.6
71.0±3.9
58.2±1.3
56.8±4.2
60.6±1.7
60.0±1.1
52.5±1.6
58.9±1.6
55.7±1.6
59.1±2.9

r
-0.483
0.243
0.397
0.582
-0.234
-0.028
0.134
-0.484
0.431
0.130
0.280
-0.049
0.471
-0.548
-0.032
-0.150
0.133
-0.690
-0.355
-0.304
0.445
-0.141
0.215
-0.681
0.218
0.196
-0.128
0.095
0.085
0.546

Postoperative
Symptoms
no
dysarthria
no
aphasia
no
no
no
no
dysarthria, hand motor
no
no
no
hemiparesis
seizure, hemiparesis
no
no
no
infarction, hemiparesis
no
no
no
no
no
aphasia, seizure
no
no
no
no
no
seizure

BMI, body mass index. MAP, mean arterial blood pressure. TOI, cerebral tissue oxygenation index. Values are listed as mean ±
SD for MAP, TOI and HR.

For data analysis, patients were assigned to
one of two groups: those with postoperative
neurological deficit (group POND) and those
without any signs of neurological change (group
NORM). Table 2 showed the analyzed results of
the different factors between the groups.
Absolute value of correlation coefficient r for
group POND was higher than group NORM, and
the difference was statistically significant. No
Statistical significances were found between
the groups with regard to sex, age, body mass
index, and onset type.

teristic (ROC) analysis was performed. The area
under the ROC is quantitative measure of the
selectivity. It is the best selectivity when area
under the curve (AUC) is 1.0, and it is the worst
selectivity when AUC is 0.5. Figure 1 showed
the ROC plot of correlation coefficient r. AUC
was 0.932 (P=0.01), and 95% confidence interval was 0.838 to 1.026. The best fitting cutoff
point was 0.414. Its sensitivity was 0.875, and
specificity was 0.864.

In order to analyze the accuracy of correlation
coefficient r in predicting postoperative neurological deterioration, receiver operating charac-

STA-MCA anastomosis is a safe and effective
treatment for moyamoya disease [6, 8]. TND
following extracranial-intracranial bypass sur-
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Discussion
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erative ischemia. If TND is caused by postoperative hyperperfusion, systemic arterial pressure must be strictly controlled to
Statistical
POND
NORM
within the normal or lower range [5, 6, 13].
results (P)
In our study, we simultaneously recorded
Sex (F/M)
5/3
13/9
1.0
MAP and TOI, and calculated their correlaAge (yr) (mean ± SD) 46.00±7.98 39.50±9.12
0.086
tion coefficients r. Absolute value of correBMI (mean ± SD)
26.73±3.51 24.56±2.58
0.076
lation coefficient r in patients with postopOnset type
erative neurological deterioration was
Ischemic onset
7
15
0.391
higher than patients without neurological
complications, and the difference was staHemorrhagic onset
1
7
tistically significant. We took the absolute
Absolute value of r
0.52±0.14 0.21±0.14
0.001
value of r above 0.414 as diagnostic standard to predict postoperative neurological
deterioration. Its sensitivity was 0.875, and
specificity was 0.864. Correlation coefficients r
was the best predictor of postoperative neurological deterioration in our study, but it could
not differentiate between infarction and TND. It
may be a screening tool in the future.
Table 2. Characteristics of group POND and group
NORM

Figure 1. The receiver operating characteristic (ROC)
curve for correlation coefficient r.

gery is a reversible focal neurological deficit
lasting for a few days, without observable
abnormalities in postoperative CT or MRI [11].
TND occurs in 4-38.2% [5, 6, 11]. Fresh area of
infarction occurs in 1.7-8.3% [5, 11, 27]. In our
study, incidence of postoperative cerebral
infarction was 3.33%; incidence of TND was
23.33%. This frequency corresponds well with
the references.
The mechanism of TND in patients with bypass surgery is unknown [6]. TND may be related to the following factors: focal hyperperfusion after surgery [5, 6, 11, 12], cerebral autoregulation impaired [5, 13], younger patients
[5, 12], and on-set type [12]. Treatment of
hyperperfusion is opposite to that for postop-
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How dose Spearman rank correlation coefficient r between MAP and TOI reflect cerebral
autoregulation? Human and animal studies
showed that time-domain correlation of MAP
and TOI could assess of cerebral autoregulation [19, 24]. Steiner et al [19] calculated the
index of cerebral autoregulation between TOI
and MAP. They report positive values around +1
indicate disturbed autoregulation, and values
around zero and negative values indicate good
autoregulation. The correlation coefficient r has
a standardized value (range, -1 to +1) [28]. In
our study, absolute value of correlation coefficient r around 1 indicates disturbed autoregulation. It mean r around -1 indicate disturbed
autoregulation, too. I could not explain this
mechanism. In our study 3 patients had r<-0.5,
and they all developed postoperative neurological deterioration. Czosnyka et al [29] reported
similar case. They found a negative correlation
between cerebral perfusion pressures and flow
velocity [29]. In normal individuals, CBF remains
nearly constant between cerebral perfusion
pressure about 50 and 150 mm Hg [16]. Intact
autoregulation absents correlation between
cerebral perfusion pressure and CBF [15]. A
positive r>0.414 signified a positive association between MAP and TOI, indicating a passive
nonreactive behavior of the vascular bed. A
negative value of r<-0.414 maybe reflect cerebrovascular excessive contraction. It was the
higher MAP, the lower TOI. If so, raising blood
pressure may aggravate cerebral ischemia. In
our study, it means cerebral autoregulation
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impaired that absolute value of correlation
coefficient r is above 0.414.
During anesthesia, raising blood pressure to
improve cerebral perfusion is based on the
assumption that cerebral autoregulation impaired and the positive correlation between
MAP and TOI in surgery for MMD. However, the
higher cerebral perfusion pressures maybe
cause cerebral edema. If the correlation is negative, rising blood pressure would reduce cerebral perfusion pressure, The range of blood
pressures matching to metabolic needs are
narrowed for MMD patients with impaired cerebral pressure autoregulation. It seems that we
will titrate and get the optimal cerebral perfusion pressure for each MMD patient. It has
been postulated that continuous calculation
correlation coefficient r allows to detecting an
optimal blood pressure range that maximized
improving cerebrovascular reactivity and avoiding cerebral ischemia or edema.
Disclosure of conflict of interest

[5]

[6]

[7]

[8]

[9]

None.
Address correspondence to: Dr. Liyun Yu, Department of Anesthesiology, Beijing Electric Power
Hospital, No. 1, Taipingqiao Sili, Fengtai District,
Beijing 100073, China. Tel: +86 13683217693;
E-mail: yu_li_yun@sina.com

References
[1]

[2]

[3]

[4]

Fujimura M, Mugikura S, Kaneta T, Shimizu H
and Tominaga T. Incidence and risk factors for
symptomatic cerebral hyperperfusion after superficial temporal artery-middle cerebral artery
anastomosis in patients with moyamoya disease. Surg Neurol 2009; 71: 442-447.
Weinberg DG, Arnaout OM, Rahme RJ, Aoun
SG, Batjer HH and Bendok BR. Moyamoya disease: a review of histopathology, biochemistry,
and genetics. Neurosurg Focus 2011; 30: E20.
Lee M, Guzman R, Bell-Stephens T and
Steinberg GK. Intraoperative blood flow analysis of direct revascularization procedures in
patients with moyamoya disease. J Cereb
Blood Flow Metab 2011; 31: 262-274.
Fujimura M, Shimizu H, Mugikura S and
Tominaga T. Delayed intracerebral hemorrhage
after superficial temporal artery-middle cerebral artery anastomosis in a patient with moyamoya disease: possible involvement of cerebral hyperperfusion and increased vascular
permeability. Surg Neurol 2009; 71: 223-227;
discussion 227.

13084

[10]

[11]

[12]

[13]

[14]

Ohue S, Kumon Y, Kohno K, Watanabe H, Iwata
S and Ohnishi T. Postoperative temporary neurological deficits in adults with moyamoya disease. Surg Neurol 2008; 69: 281-286; discussion 286-287.
Fujimura M, Kaneta T, Mugikura S, Shimizu H
and Tominaga T. Temporary neurologic deterioration due to cerebral hyperperfusion after superficial temporal artery-middle cerebral artery
anastomosis in patients with adult-onset moyamoya disease. Surg Neurol 2007; 67: 273282.
Uno M, Nakajima N, Nishi K, Shinno K and
Nagahiro S. Hyperperfusion syndrome after
extracranial-intracranial bypass in a patient
with moyamoya disease--case report. Neurol
Med Chir (Tokyo) 1998; 38: 420-424.
Han JS, Abou-Hamden A, Mandell DM,
Poublanc J, Crawley AP, Fisher JA, Mikulis DJ
and Tymianski M. Impact of extracranial-intracranial bypass on cerebrovascular reactivity
and clinical outcome in patients with symptomatic moyamoya vasculopathy. Stroke 2011;
42: 3047-3054.
Nakagawa A, Fujimura M, Arafune T, Sakuma I
and Tominaga T. Clinical implications of intraoperative infrared brain surface monitoring
during superficial temporal artery-middle cerebral artery anastomosis in patients with moyamoya disease. J Neurosurg 2009; 111: 11581164.
Parray T, Martin TW and Siddiqui S. Moyamoya
disease: a review of the disease and anesthetic management. J Neurosurg Anesthesiol
2011; 23: 100-109.
Kim JE, Oh CW, Kwon OK, Park SQ, Kim SE and
Kim YK. Transient hyperperfusion after superficial temporal artery/middle cerebral artery bypass surgery as a possible cause of postoperative transient neurological deterioration.
Cerebrovasc Dis 2008; 25: 580-586.
Fujimura M, Shimizu H, Inoue T, Mugikura S,
Saito A and Tominaga T. Significance of focal
cerebral hyperperfusion as a cause of transient neurologic deterioration after extracranial-intracranial bypass for moyamoya disease:
comparative study with non-moyamoya patients using N-isopropyl-p-[(123)I]iodoamphetamine single-photon emission computed tomography. Neurosurgery 2011; 68: 957-964;
discussion 964-955.
Furuya K, Kawahara N, Morita A, Momose T,
Aoki S and Kirino T. Focal hyperperfusion after
superficial temporal artery-middle cerebral artery anastomosis in a patient with moyamoya
disease. Case report. J Neurosurg 2004; 100:
128-132.
Chen J, Liu J, Xu WH, Xu R, Hou B, Cui LY and
Gao S. Impaired dynamic cerebral autoregula-

Int J Clin Exp Med 2016;9(7):13079-13085

Cerebral tissue oxygenation index and blood pressure

[15]

[16]

[17]
[18]

[19]

[20]
[21]

[22]

tion and cerebrovascular reactivity in middle
cerebral artery stenosis. PLoS One 2014; 9:
e88232.
Lee JK, Kibler KK, Benni PB, Easley RB,
Czosnyka M, Smielewski P, Koehler RC,
Shaffner DH and Brady KM. Cerebrovascular
reactivity measured by near-infrared spectroscopy. Stroke 2009; 40: 1820-1826.
Panerai RB. Assessment of cerebral pressure
autoregulation in humans--a review of measurement methods. Physiol Meas 1998; 19:
305-338.
Strandgaard S and Paulson OB. Cerebral autoregulation. Stroke 1984; 15: 413-416.
Liu J, Zhu YS, Hill C, Armstrong K, Tarumi T,
Hodics T, Hynan LS and Zhang R. Cerebral autoregulation of blood velocity and volumetric
flow during steady-state changes in arterial
pressure. Hypertension 2013; 62: 973-979.
Steiner LA, Pfister D, Strebel SP, Radolovich D,
Smielewski P and Czosnyka M. Near-infrared
spectroscopy can monitor dynamic cerebral
autoregulation in adults. Neurocrit Care 2009;
10: 122-128.
Aaslid R, Lindegaard KF, Sorteberg W and
Nornes H. Cerebral autoregulation dynamics in
humans. Stroke 1989; 20: 45-52.
Huppert TJ, Diamond SG, Franceschini MA and
Boas DA. HomER: a review of time-series analysis methods for near-infrared spectroscopy of
the brain. Appl Opt 2009; 48: D280-298.
Highton D, Elwell C and Smith M. Noninvasive
cerebral oximetry: is there light at the end of
the tunnel? Curr Opin Anaesthesiol 2010; 23:
576-581.

13085

[23] Moerman A and Wouters P. Near-infrared spectroscopy (NIRS) monitoring in contemporary
anesthesia and critical care. Acta Anaesthesiol
Belg 2010; 61: 185-194.
[24] Brady KM, Lee JK, Kibler KK, Smielewski P,
Czosnyka M, Easley RB, Koehler RC and
Shaffner DH. Continuous time-domain analysis of cerebrovascular autoregulation using
near-infrared spectroscopy. Stroke 2007; 38:
2818-2825.
[25] Kikuta K, Takagi Y, Nozaki K, Yamada K,
Miyamoto S, Kataoka H, Arai T and Hashimoto
N. Effects of intravenous anesthesia with propofol on regional cortical blood flow and intracranial pressure in surgery for moyamoya disease. Surg Neurol 2007; 68: 421-424.
[26] Sato K, Shirane R, Kato M and Yoshimoto T.
Effect of inhalational anesthesia on cerebral
circulation in Moyamoya disease. J Neurosurg
Anesthesiol 1999; 11: 25-30.
[27] Kim SH, Choi JU, Yang KH, Kim TG and Kim DS.
Risk factors for postoperative ischemic complications in patients with moyamoya disease. J
Neurosurg 2005; 103: 433-438.
[28] Czosnyka M, Smielewski P, Kirkpatrick P, Laing
RJ, Menon D and Pickard JD. Continuous assessment of the cerebral vasomotor reactivity
in head injury. Neurosurgery 1997; 41: 11-17;
discussion 17-19.
[29] Czosnyka M, Smielewski P, Kirkpatrick P,
Menon DK and Pickard JD. Monitoring of cerebral autoregulation in head-injured patients.
Stroke 1996; 27: 1829-1834.

Int J Clin Exp Med 2016;9(7):13079-13085

