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 Purpose: To determine whether brain temperature measured by 
using preoperative proton magnetic resonance (MR) spec-
troscopy could help identify patients at risk for cerebral 
hyperperfusion after carotid endarterectomy (CEA).

 Materials and 
Methods: 

Institutional review board approval and informed consent 
were obtained. Acquisition of proton MR spectroscopic 
data by using point-resolved spectroscopy without water 
suppression was performed before CEA in the bilateral 
cerebral hemispheres of 84 patients with unilateral inter-
nal carotid artery stenosis ( � 70%) and without contralat-
eral internal carotid artery steno-occlusive disease. Brain 
temperature was calculated from the chemical shift dif-
ference between water and  N -acetylaspartate signals at 
proton MR spectroscopy. Cerebral blood fl ow (CBF) was 
also measured by using single photon emission computed 
tomography and    N -isopropyl- p -[ 123 I]-iodoamphetamine 
before and immediately after CEA and on the 3rd post-
operative day. The relationship between each variable 
and the development of post-CEA hyperperfusion (CBF 
increase  �  100% compared with preoperative values) was 
evaluated with univariate statistical analysis followed by 
multivariate analysis.

 Results:   A linear correlation was observed between preoperative 
brain temperature difference (the value in the affected 
hemisphere minus the value in the contralateral hemi-
sphere) and increases in CBF immediately after CEA 
( r  = 0.763 and  P   ,  .001) when the preoperative brain 
temperature difference was greater than 0. Cerebral 
hyperperfusion immediately after CEA was observed in 
nine patients (11%). Elevated preoperative brain tem-
perature difference was the only signifi cant independent 
predictor of post-CEA hyperperfusion. When elevated 
brain temperature difference was defi ned as a marker of 
hemodynamic impairment in the affected cerebral hemi-
sphere, use of preoperative brain temperature difference 
resulted in 100% sensitivity and 87% specifi city, with a 
47% positive predictive value and a 100% negative predic-
tive value for the prediction of post-CEA hyperperfusion. 
Hyperperfusion syndrome developed on the 3rd and 4th 
postoperative days in two of the nine patients who exhib-
ited hyperperfusion immediately after CEA.

 Conclusion: Brain temperature measured by using preoperative proton 
MR spectroscopy may help identify patients at risk for 
post-CEA cerebral hyperperfusion.
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with unilateral internal carotid artery 
(ICA) stenosis ( � 70%) and good resid-
ual function (modifi ed Rankin disability 
scale score, 0, 1, or 2) underwent CEA. 
All 84 patients were prospectively en-
rolled in the present study. Mean pa-
tient age was 67.5 years  6  7.6 (standard 
deviation) (67.4 years  6  7.5 in men, 
68.3 years  6  8.2 in women), with a range 
of 47–82 years (47–82 years in men, 
58–80 years in women). Concomitant 
disease states and symptoms were re-
corded. There were 76 patients with 
hypertension, 33 patients with diabetes 
mellitus, and 44 patients with hyperlipi-
demia. While 57 patients showed isch-
emic symptoms in the ipsilateral carotid 
territory, 27 patients exhibited asymp-
tomatic ICA stenosis. None of the pa-
tients had an altered level of conscious-
ness or restlessness. 

 All patients   underwent preopera-
tive MR angiography of the cervical 
arteries. The overall average degree of 
ICA stenosis was 88.0%  6  8.2, with a 
range of 70%–99%, as per the North 
American Symptomatic Carotid Endar-
terectomy Trial ( 25 ). None of the pa-
tients had stenosis greater than 70% 
or occlusion in the contralateral ICA. 
Institutional review board approval and 
informed consent were obtained. 

investigators that decreased cerebro-
vascular reactivity to acetazolamide 
or elevated cerebral blood volume is a 
signifi cant predictor of post-CEA hyper-
perfusion ( 15–18 ). 

 Magnetic   resonance (MR) spectros-
copy of the human brain yields a spec-
trum that includes a large water peak, 
as well as proton peaks related to  N -
acetylaspartate (NAA), creatines, and 
cholines ( 19–22 ), and human brain 
temperature (BT) can be calculated 
noninvasively and accurately from the 
chemical shift difference between water 
and NAA, choline, or creatine signals 
( 19–22 ). In healthy humans, BT is de-
termined by the balance between heat 
produced by cerebral energy turnover 
and heat removal ( 23 ). Because heat 
removal is primarily dependent on CBF 
( 23 ), reduced cerebral perfusion rela-
tive to cerebral metabolism, termed 
“misery perfusion,” in patients with acute 
or chronic cerebral ischemia may indi-
cate decreased central heat removal 
(ie, higher BT) ( 22,24 ). This is supported 
by observations from a recent study 
( 24 ) that revealed that BT as measured 
with proton MR spectroscopy enabled 
detection of elevated cerebral blood vol-
ume and elevated oxygen extraction frac-
tion with high sensitivity and specifi city 
in patients with chronic unilateral major 
cerebral artery steno-occlusive disease. 

 The purpose of the present study 
was to determine whether BT measured 
by using preoperative proton MR spec-
troscopy could help identify patients at 
risk for cerebral hyperperfusion after 
CEA. 

 Materials and Methods 

 Patient Population 
 Between August 2008 and April 2009, 
84 patients (74 men and 10 women) 

             Cerebral hyperperfusion after ca-
rotid endarterectomy (CEA) is 
defi ned as a substantial increase 

in ipsilateral cerebral blood fl ow (CBF) 
after surgical repair of carotid stenosis 
that is well above the metabolic de-
mands of brain tissue ( 1,2 ). Cerebral 
hyperperfusion syndrome after CEA is 
a complication of cerebral hyperperfu-
sion that is characterized by unilateral 
headache, face and eye pain, seizure, 
and focal symptoms that occur second-
ary to cerebral edema or intracerebral 
hemorrhage ( 1–4 ). Although the inci-
dence of intracerebral hemorrhage is 
relatively low (0.4%–1.8%), the prog-
nosis for patients with this condition 
is poor ( 1,5–9 ). In addition, results of 
recent studies ( 10–12 ) have demon-
strated that post-CEA hyperperfusion, 
even when asymptomatic, leads to post-
operative cortical neural damage and 
subsequent cognitive impairment. 

 Risk factors for cerebral hyperper-
fusion include long-standing hyperten-
sion, high-grade carotid stenosis, poor 
collateral blood fl ow, and contralateral 
carotid occlusion, which are all associ-
ated with impairments in cerebral he-
modynamic reserve ( 13 ). Furthermore, 
a rapid restoration of normal perfu-
sion pressure after CEA may result in 
hyperperfusion in regions of the brain 
in which autoregulation is impaired 
because of chronic ischemia. This   hy-
pothesis is similar to the “normal per-
fusion pressure breakthrough” theory 
described by Spetzler et al ( 14 ) and is 
consistent with observations by several 

 Implication for Patient Care 

 Brain temperature measured  n

noninvasively by using proton 
MR spectroscopy predicts the 
development of cerebral hyper-
perfusion after carotid 
endarterectomy. 

 Advances in Knowledge 

 A signifi cant correlation was  n

observed between preoperative 
difference in brain temperature 
between cerebral hemispheres 
measured by using proton MR 
spectroscopy and increases in 
cerebral blood fl ow in the 
affected hemisphere immediately 
after carotid endarterectomy. 

 Elevated preoperative brain tem- n

perature difference was signifi -
cantly associated with the devel-
opment of postoperative cerebral 
hyperperfusion. 
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age, 41 years  6  8; age range, 20–61 years) 
were examined by using the same meth-
ods to obtain control values. The con-
trol value for  D BT was  2 0.01  6  0.25 
when the left and right sides were de-
fi ned as the affected and contralateral 
sides, respectively. 

 CBF Measurements at Single Photon 
Emission Computed Tomography 
 CBF was assessed by using  N -isopropyl-
 p -[ 123 I]-iodoamphetamine and single 
photon emission computed tomography 
(SPECT) performed with a ring-type 
scanner (Headtome-SET 080; Shimadzu, 
Kyoto, Japan) before and immediately 
after CEA. In addition, patients with 
post-CEA hyperperfusion underwent a 
third CBF measurement performed in 
the same manner 3 days after CEA. 

 The  N -isopropyl- p -[ 123 I]-iodoamphet-
amine SPECT study was performed as 
described previously ( 28 ), and the CBF 
images were calculated according to the 
 N -isopropyl- p -[ 123 I]-iodoamphetamine 
autoradiography method ( 28,29 ). One 
tomographic plane through the centrum 
semiovale was selected for each patient. 

fast Fourier transform), analyzed by 
using the automatic curve-fi tting pro-
cedure, and decomposed into Loren-
zian peak components by   using custom 
software created in house ( 24,26,27 ). 
In MR spectroscopy, a Lorentzian line 
shape was commonly assumed on the 
basis of a one-exponential transverse 
relaxation behavior of the spins. The 
real part of the signal was thus used to 
estimate spectral parameters in a line 
shape fi tting analysis ( 26 ). BT for each 
voxel was calculated from the chemi-
cal shift difference between water and 
NAA signals ( D H 2 O  2  NAA) by using 
calibration data from Cady et al and 
Yoshioka et al   ( 19,27 ), as follows:  T  (in 
degrees Celsius) = 286.9  2  94 · ( D H 2 O 
 2  NAA), where  T  is temperature. 

 The difference between BT in the 
affected hemisphere and that in the con-
tralateral hemisphere (value in affected 
hemisphere minus value in contralateral 
hemisphere) was calculated on each 
short inversion time inversion-recovery 
ROI image and was defi ned as  D BT. 

 Prior to the present study, 11 healthy 
subjects (six men and fi ve women; mean 

 BT Measurements at MR Spectroscopy 
 This study   utilized a 3.0-T imager (Signa 
Excite HD; GE Healthcare, Milwaukee, 
Wis) with a “birdcage” quadrature head 
coil. First, all patients underwent axial 
short inversion time inversion-recovery 
imaging. From among sections obtained 
through the centrum semiovale, the sec-
tion with the thickest white matter was 
selected. A single-voxel region of in-
terest (ROI) was manually and sym-
metrically placed in the cerebral cortex 
parallel to the white matter ( Fig 1  ). 
Voxel size was 17  3  50  3  15 mm 3 . 
Next, acquisition of proton MR spectros-
copy data was performed by using point-
resolved spectroscopy without water 
suppression to estimate BT ( Fig 2  ). The 
following parameters were used: repeti-
tion time msec/echo time msec, 2000/144; 
data size, 4 K; spectral width, 5000 Hz; 
and 96 acquisitions (3.9 minutes) 
( 24,26,27 ). During MR spectroscopy, 
ambient temperature was maintained 
at 21°–25°C. The MR spectroscopy 
study was performed within 7 days be-
fore CEA. 

 Raw data from proton MR spectros-
copy were transferred to a postprocess-
ing computer (apodization; 1 Hz and 

 Figure 1 

  
  Figure 1:  ROIs placed on axial short inversion 
time inversion-recovery MR image to obtain BT by 
using MR spectroscopy in 79-year-old man with 
symptomatic right ICA stenosis (95%) who exhibited 
hyperperfusion syndrome after CEA. Preopera-
tive  D BT (BT in affected hemisphere minus BT in 
contralateral hemisphere) calculated by using the 
ROIs was +1.15.   

 Figure 2 

  
  Figure 2:  Proton MR   spectra obtained by using point-resolved spectroscopy 
without water suppression in the ROIs in Figure 1. Upper graph: Spectrum in 
the cerebral hemisphere ipsilateral to that treated with surgery. Lower graph: 
Spectrum in the contralateral cerebral hemisphere.   
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and a signifi cant linear correlation was 
observed between the two variables 
( r  = 0.763 and  P   ,  .001) ( Fig 3  ). 

 Nine patients (11%) met CBF cri-
teria for post-CEA hyperperfusion at 
SPECT performed immediately after 
surgery. The patient with a new major 
postoperative neurologic defi cit and new 
cerebral infarcts in the corresponding 
hemisphere at postoperative MR imag-
ing did not exhibit post-CEA hyperper-
fusion at SPECT. Results of univariate 
analysis of factors potentially related 
to the development of cerebral hyper-
perfusion after CEA are summarized 
in the  Table  . The preoperative  D BT 
was signifi cantly higher in patients with 
post-CEA hyperperfusion than in those 
without. Other variables were not sig-
nifi cantly associated with the develop-
ment of post-CEA hyperperfusion. Af-
ter eliminating closely related variables 
in the univariate analyses, the following 
confounders ( P   ,  .2) were adopted in 
the logistic regression model for the mul-
tiple analysis: age, symptomatic lesion, 
degree of ICA stenosis, and preoperative 
 D BT. Subsequent   multivariate analysis 
revealed that high preoperative  D BT was 
signifi cantly associated with the develop-
ment of postoperative cerebral hyperper-
fusion ( P  = .006; 95% CI: .001, .155). 

 Sensitivity and specifi city for  D BT at 
the cutoff point lying closest to the left 
upper corner of the receiver operating 
characteristic curve for the prediction 
of post-CEA hyperperfusion were 100% 
(nine of nine; 95% CI: 66%, 100%) and 
87% (65 of 75; 95% CI: 77%–93%) 
(cutoff point = +0.49: the mean +2 stan-
dard deviations of the control value ob-
tained in healthy subjects), respectively 
( Fig 3 ). Positive and negative predictive 
values were 47% (nine of 19; 95% CI: 
24%, 71%) and 100% (65 of 65; 95% 
CI: 94%, 100%), respectively. 

 Hyperperfusion was not present at 
the SPECT examination performed on 
the 3rd postoperative day in seven of 
the nine patients with hyperperfusion 
immediately after CEA; these seven 
patients had uneventful postoperative 
courses. However, the remaining two 
patients with cerebral hyperperfusion 
immediately after CEA experienced 
persistent hyperperfusion on the 3rd 

as a percentage of the preoperative value 
minus 100%) were determined   by using 
a linear regression analysis, a com-
puting regression equation, and a cor-
relation coeffi cient. The relationship 
between each variable and the develop-
ment of post-CEA hyperperfusion at 
SPECT was evaluated with univariate 
analysis by using the Mann-Whitney  U  
test or the  x  2  test. A multiple statisti-
cal analysis of factors related to the de-
velopment of post-CEA hyperperfusion 
at SPECT was also performed by using 
a logistic regression model. Variables 
with  P   ,  .2 in the univariate analyses 
were selected for analysis in the fi nal 
model. Differences were deemed sta-
tistically signifi cant at  P   ,  .05. The 
accuracy of preoperative  D BT for the 
prediction of post-CEA hyperperfusion 
at SPECT was determined by using a 
receiver operating characteristic curve 
when the relationship between the two 
was statistically signifi cant. The curve 
was calculated in increments or decre-
ments of 1 standard deviation from the 
mean value of  D BT in healthy subjects. 
Exact 95% confi dence intervals (CIs) of 
sensitivity, specifi city, and positive and 
negative predictive values were computed 
by using the binomial distributions. 

 Results 

 Eighty-three of the 84 examined pa-
tients recovered from surgery without 
developing new major neurologic defi -
cits. Furthermore, these 83 patients did 
not exhibit additional ischemic lesions at 
postoperative CT and MR imaging that 
included T1- and T2-weighted imaging. 
The remaining patient, who underwent 
right CEA, developed a new postopera-
tive neurologic defi cit (left hemiparesis) 
that persisted for more than 24 hours 
after surgery. MR imaging on the 1st 
postoperative day revealed infarcts in the 
cerebral hemisphere ipsilateral to CEA. 

 Preoperative  D BT ranged from 1.77 
to 1.31. The increase in CBF immedi-
ately after CEA ranged from  2 20% to 
+20% when preoperative  D BT was less 
than 0 and there was no correlation be-
tween the two variables; the increase in 
CBF ranged from  2 10% to +140% when 
preoperative  D BT was greater than 0 

One large   irregular ROI was manually 
drawn in the portion of the cerebral 
cortex perfused by the middle cerebral 
artery, as per the atlas developed by 
Kretschmann and Weinrich ( 30 ), and 
the CBF was determined in each ROI. 
Three SPECT studies were used to ana-
lyze identical ROIs in each subject. 

 Post-CEA hyperperfusion was de-
fi ned as a CBF increase of 100% or 
greater (ie, a doubling) compared with 
preoperative values, as according to 
Piepgras et al ( 1 ). 

 Intraoperative and Postoperative 
Management 
 All patients underwent surgery with 
general anesthesia. An intraluminal shunt 
was not used in these procedures. The 
mean duration of ICA clamping was 
36 minutes, ranging from 28 to 48 min-
utes. A   5000-IU bolus of heparin was 
administered prior to ICA clamping. 

 In all patients with post-CEA hyper-
perfusion, intensive control of arterial 
blood pressure between 100 and 140 
mm Hg was instituted by using intrave-
nous administration of antihypertensive 
drugs immediately after SPECT. When 
CBF decreased and hyperperfusion re-
solved on the 3rd postoperative day, 
pharmacologic control of blood pressure 
was discontinued. However, if hyperper-
fusion persisted, systolic arterial blood 
pressure was maintained between 100 
and 140 mm Hg through pharmacologic 
methods. When hyperperfusion syndrome 
developed, the patient was placed in a 
propofol-induced coma with profound 
hypotension (systolic arterial blood 
pressure,  , 90 mm Hg). The diagnosis 
of hyperperfusion syndrome required 
 (a)  seizure, decrease in level of con-
sciousness, and/or development of focal 
neurologic signs such as motor weak-
ness and  (b)  hyperperfusion at SPECT 
performed after CEA without fi ndings of 
any additional ischemic lesion at post-
operative computed tomography (CT) or 
T1- and T2-weighted MR imaging. 

 Statistical Analysis 
 Descriptive data are expressed as means 
 6  standard deviations. Correlations be-
tween preoperative  D BT and postop-
erative CBF increases (CBF calculated 
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is a reliable method for predicting cere-
bral hyperperfusion after CEA ( 16–18 ), 
the clinical use of SPECT is precluded 
by its high cost and limited availability. 
In addition, acetazolamide is associated 
with frequent and various adverse side 
effects, including metabolic acidosis, 
hypokalemia, numbness of the extremi-
ties, headache, tinnitus, gastrointesti-
nal disturbances, and Stevens-Johnson 
syndrome ( 31,32 ). Studies ( 15 ) have 
demonstrated that measurements of 
cerebral blood volume at perfusion-
weighted MR imaging with gadolinium-
based contrast agents also can help 
identify patients at risk for post-CEA 
cerebral hyperperfusion. However, con-
trast agents may be associated with the 
development of nephrogenic systemic 
fi brosis in the setting of renal insuffi -
ciency ( 33 ). Arterial spin labeling and 
blood oxygen level–dependent imaging 
are noninvasive MR imaging methods 
that do not require gadolinium-based 
contrast agents for perfusion measure-
ment ( 34,35 ). However, arterial spin 
labeling can be used to measure only 
CBF, and it requires administration of 
acetazolamide to quantify cerebral per-
fusion reserve ( 34 ). Although blood ox-
ygen level–dependent imaging can help 
estimate cerebral perfusion reserve ( 35 ), 
whether its fi ndings predict cerebral 
hyperperfusion after CEA remains un-
clear. In contrast, the present method 
does not require administration of ra-
dioisotopes or contrast agents and is 
therefore best suited for clinical use. 

 Investigators have proposed various 
mechanisms for the development of post-
CEA hyperperfusion ( 3 ). In cases of se-
vere ICA stenosis and defi cient collat-
eral circulation, hemispheric perfusion 
pressure is severely reduced distal to 
the ICA stenosis. This may result in a 
reduction of perfusion pressure below 
the compensatory capacity of autoregu-
latory mechanisms, thus leading to max-
imal dilatation of resistance vessels and 
chronic hypoperfusion, or “misery per-
fusion.” After normal perfusion pressure 
is restored by means of CEA, chronically 
impaired autoregulatory mechanisms 
may require several days to adjust to 
the new steady state, resulting in hyper-
perfusion in the interim. The present 

propofol-induced coma, both patients 
eventually experienced full recovery. 

 Discussion 

 The results of the present study demon-
strated that BT, as measured with pre-
operative proton MR spectroscopy, can 
help identify patients at risk for post-
CEA cerebral hyperperfusion. Although 
SPECT with an acetazolamide challenge 

postoperative day and developed the 
hyperperfusion syndrome. These two 
patients experienced confusion and 
hemiparesis, with onset on the 3rd 
postoperative day in one patient and 
on the 4th postoperative day in the sec-
ond patient. Both patients were placed 
in a propofol-induced coma. The pre- 
and postoperative SPECT CBF images 
in one of these patients are shown in 
 Figure 4  . Following termination of the 

 Figure 3 

  
  Figure 3:  Graph   shows correlation between preoperative  D BT and increase in CBF im-
mediately after CEA. Solid line = function between the two factors,  �  = patient who developed 
hyperperfusion syndrome, horizontal dotted line = CBF increase of 100% (the defi nition of 
hyperperfusion), vertical dotted line = mean + 2 standard deviations of  D BT in healthy subjects, 
error bar = mean  6  standard deviation of each value.   

  

 Risk Factors for Development of Postoperative Cerebral Hyperperfusion at SPECT 

Risk Factor

Postoperative Hyperperfusion

 P  ValueYes ( n  = 9) No ( n  = 75)

Age (y) * 70.2  6  8.3 67.1  6  7.4 .148
Male sex 9 (100) 65 (87) .591
Hypertension 9 (100) 67 (89) .590
Diabetes mellitus 4 (44) 29 (39) .733
Hyperlipidemia 3 (33) 41 (55) .298
Symptomatic lesions 9 (100) 48 (64) .052
Degree of ICA stenosis (%) * 92.2  6  5.1 87.5  6  8.3 .061
Duration of ICA clamping (min) * 35.6  6  4.2 35.9  6  5.1 .885
Preoperative  D BT * 1.03  6  0.30  2 0.09  6  0.57  , .001

Note.—Unless otherwise specifi ed, data are numbers of patients, with percentages in parentheses.

* Data are means  6  standard deviations.
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patients with bilateral major cerebral 
artery occlusive disease can be detected 
by using the absolute value of BT re-
mains unclear. Second, the cerebral 
hemisphere with ICA stenosis often ex-
hibits brain atrophy. In that situation, 
the proportion of cerebrospinal fl uid 
occupying the ROI used for measure-
ment of BT is high. Cerebrospinal fl uid 
in the ROI may reduce the accuracy of 
brain tissue temperature measured by 
using MR spectroscopy. The propor-
tion of the white and gray matter oc-
cupying the ROI varies in each subject, 
which may also affect BT measured in 
the ROI. Third, physiologic brain mo-
tion may cause inaccuracies in metabo-
lite concentration measurements with 
MR spectroscopy ( 39 ). However, the 
point-resolved spectroscopy technique 
used in the present study is relatively 
insensitive to physiologic brain motion 
( 39,40 ). Because our study cohort did 
not include any subject with an altered 
level of consciousness or restlessness, 
the effects of physiologic brain motion 
on MR spectroscopy may be negligible 
( 40 ). Last, BT was measured in a single-
voxel ROI placed over the cerebral hemi-
sphere. Although a topographic map of 
BT can be obtained by using a multi-
voxel method ( 22 ), BT values acquired 
from a single voxel may provide more 
accurate MR spectroscopic estimation 
of brain tissue temperature than those 
acquired from multiple voxels because 
the distortion of the spectrum result-
ing from using a multivoxel method is 
larger than that resulting from using a 
single-voxel method ( 41 ). 

 In conclusion, results of the present 
study demonstrated that BT measured 
at preoperative proton MR spectroscopy 
can help identify patients at risk for 
post-CEA cerebral hyperperfusion. On 
the basis of fi ndings from the present 
and previous studies ( 11,12,15–18 ), we 
propose a practical clinical algorithm: 
Patients undergo preoperative BT mea-
surement performed by using the pres-
ent method; when this method reveals 
high  D BT, patients should undergo post-
operative CBF assessments to confi rm 
the development of cerebral hyperperfu-
sion. Furthermore, patients with postop-
erative cerebral hyperperfusion should 

to acetazolamide at SPECT ( 16–18 ). 
One group ( 36 ) reported that most 
patients with reduced preoperative 
cerebrovascular reactivity to acetazol-
amide and hemispheric hypoperfusion 
during clamping of the ICA developed 
post-CEA hyperperfusion, suggesting 
that, in addition to the impairment of 
cerebrovascular autoregulation caused 
by chronic ischemia, intraoperative 
acute global ischemia contributes to the 
pathogenesis of post-CEA hyperperfu-
sion. This may account for the low posi-
tive predictive value for the prediction 
of post-CEA hyperperfusion when only 
preoperative measurement of cerebral 
hemodynamics was used. 

 The present study had several limi-
tations. First, this study included only 
patients with unilateral ICA or middle 
cerebral artery occlusive disease and 
used the difference in BT between the 
affected and unaffected sides to help 
detect hemodynamic impairment in the 
affected cerebral hemisphere. However, 
impairments in cerebral hemodynamics 
are more severe in patients with bilat-
eral major cerebral artery occlusive dis-
ease than in those with unilateral major 
cerebral artery occlusive disease ( 37 ), 
and whole-brain temperature is affected 
by body temperature but not by ambi-
ent temperature ( 38 ). Thus, whether 
cerebral hemodynamic impairment in 

study demonstrated that while there 
was no correlation between preopera-
tive  D BT and an increase in CBF im-
mediately after CEA when preoperative 
 D BT was less than 0, a signifi cant linear 
correlation was observed between the 
two variables when preoperative  D BT 
was greater than 0. It also showed that 
high preoperative  D BT was the only sig-
nifi cant independent predictor of post-
CEA hyperperfusion. Because positive 
and high  D BT indicates dilation of re-
sistance vessels and misery perfusion in 
the affected hemisphere ( 24 ), our fi nd-
ings support the theory that hyperper-
fusion results from the loss of normal 
vasoconstriction secondary to chronic 
cerebral ischemia and from maladap-
tive autoregulatory mechanisms. 

 In the present study,  D BT had low 
positive and high negative predictive 
values for the prediction of post-CEA 
hyperperfusion; the cutoff point of  D BT 
in these values was the mean + 2 stan-
dard deviations of the control value 
obtained in healthy subjects (+0.49°). 
Furthermore, the cutoff point of  D BT 
was identical to that used to detect mis-
ery perfusion with a high positive pre-
dictive value ( 24 ), and the high nega-
tive and low positive predictive values 
in the present study corresponded to 
previous data obtained by using mea-
surements of cerebrovascular reactivity 

 Figure 4 

  
  Figure 4:  SPECT images in same patient as in Figure 1.  (a)  Preoperative image shows a decrease in CBF 
in the right cerebral hemisphere, in which hyperperfusion is observed on  (b)  image obtained immediately 
after CEA. This patient developed confusion and left motor weakness 3 days after surgery.   
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