BALLOON PUMP—-INDUCED PULSATILE PERFUSION DURING CARDIOPULMONARY BYPASS DOES
NOT IMPROVE BRAIN OXYGENATION

Fuminori Kawahara, MB Background: Whether pulsatile flow offers substantial advantages for
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pulsatile and nonpulsatile bypass concerning the effects on internal
jugular venous saturation and on the state of regional cerebral oxy-
genation during normothermia. Methods: Twenty-two patients undergo-
ing elective coronary artery bypass grafting were randomly divided into
2 groups: group 1 (n = 11) received nonpulsatile perfusion during car-
diopulmonary bypass and group 2 (n = 11) received pulsatile perfusion
during bypass. We used an intra-aortic balloon pump to generate pul-
satility. A spectrophotometric probe (INVOS 3100R, Somanetics, Troy,
Mich) was used to assess the state of regional cerebral oxygenation. A 4F
fiberoptic oximetry oxygen saturation catheter was inserted into the
right jugular bulb to monitor jugular venous oxygen saturation.
Hemodynamic variables, arterial and jugular venous blood gases, and
regional cerebral oxygenation were measured at 7 times pointResults:
In both groups, jugular venous oxygen saturation decreased at the early
stage of the cardiopulmonary bypassK = .03). Five patients in group 1
and 6 in group 2 had a jugular venous oxygen saturation of less than
50%. In both groups, the regional cerebral oxygenation value decreased
during cardiopulmonary bypass P = .04). Conclusions: The present
results showed that pulsatility generated through the use of intra-aortic
balloon pumping did not produce any beneficial effects on jugular
venous oxygen saturation and regional cerebral oxygenation at nor-
mothermia. (J Thorac Cardiovasc Surg 1999;118:361-6)

hether pulsatile flow offers substantial advantages either normothermic or hypothermic conditions, even at
W over nonpulsatile flow for organ protection, espe- a very high quality of pulsatility.
cially of the brain, during cardiopulmonary bypass Internal jugular venous oxygen saturation (§)y
(CPB) is controversidl.Studies have reported the ben- thought to be an index of the global balance of cerebral
efits of pulsatile perfusion, even in instances of poor- blood flow and cerebral metabolic rate, has been wide-
quality pulsatility?3 In contrast, other studies per- ly used to assess the adequacy of flow/metabolism cou-
formed by Hindman and associdteésreported no pling in the brain during the operation and in the inten-
differences in cerebral blood flow or metabolism sive care unif.
between pulsatile and nonpulsatile perfusion under In 1994, Cook and associatesported that a state of
cerebral desaturation (defined as ano$jvalue less
From the Department of Anesthesiology and ReanimatdiGgynma than 50%) was more often observed in normothermic
University, School of Medicine, Gunma, Japan, and the Depart- groups than in hypothermic groups. In addition,
ggr']‘tte?fégﬁ;f::%‘g;%?anama Cardiovascular and Pulmonary = ahwell and cplleagu%seported that a state of
Received for publication Sept 10, 1998; revisions requested Oct 16, cerebral desaturation was Closely associated with post-
1998; revisions received April 27, 1999; accepted for publication operative neurologic disorders. Mutch and coworfkers

April 27,1999. ' reported that a state of cerebral desaturation, which was
Address for r(_eprmts.YUjl Kadoi, MD,_ Dep_artment of Anesthgs_lology often observed during CPB, was markedly reduced
and Reanimatology, Gunma University, School of Medicine, 3- . . . .
39-22, Showa-machi, Maebashi, Gunma 371-8511, Japan. through the use _Of pulsatile perfusion in the porcine
Copyright © 1999 by Mosby, Inc. model. Thus it is important to assess the effects of pul-

0022-5223/99 $8.00 + 012/1/99596 satile perfusion on Sgy during CPB in human beings.
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However, to date few studies have described the effects Waltham, Mass). All patients’ lungs were ventilated with
of pulsatile perfusion on Sq)é in human subject® 100% oxygen, and the end-tidal carbon dioxide was moni-
Near-infrared Spectroscopy (N|RS) iSs a noninvasive tored (UItima, Datex, Helsinki, Finland) and maintained
technique that enables physicians to continuously mon- Pétween 35 and 40 mm Hg. After induction of anesthesia,

itor alterations in regional cerebral tissue oxygena- Infusion of propofol 4 mg - kg- hr*was begun with the use
tion.1* Recently, NIRS has been used in clinical prac- ©f @ Syfinge pump and continued until the patients were
tice to detect brain ischemia in patients with head brought mFo_ the intensive care unit. No volatile anesthetics
T . . were administrated. Tympanic membrane temperature was
gﬂgg;n;hcee?;fsgls :)Iy%uelflzftlilc?npg;u;zl;\)/z ?]r;tthbeeztnate monitored with a Mon-a-Therm thermometer (Mallinckrodt
Co, St Louis, Mo).
examined with the use of NIRS in human beings. All patients hac)i a dual-lumen intra-aortic balloon catheter
To date, many methods have been used to generateyith 40-mL balloon volumes placed percutaneously through
pulse pressure during CPBHowever, no general def-  the femoral artery before the induction of anesthesia. We
inition nor any criteria have been reported for pulsatile positioned the distal tip of the balloon catheter in the
perfusiont® In the present study, we elected to use descending thoracic aorta 2 cm distal to the origin of the left
intra-aortic balloon pumping (IABP) to generate pulse subclavian artery. The catheter position was confirmed by a
pressure, given that IABP allows an approximation of chest radiograph. Balloon inflation was triggered by the R
physiologic heart rate, stroke volume, and rate of pres- Wave of the (_elect_rocardiogram. The bglloon was inflated just
sure rise (dP/df* Mulay and associattsrecommend- before the dicrotic notch of the arterial pressure _waveforr_n
ed the use of IABP, because this method is a simple andand deflated b(.efore the 0\/en’[rlcular systole. Tr_]e trlgg_er ratio
reliable way to obtain pulsatile flow during CPB. of IABP was 1:1 at 100% balloon augmentation during the

Th d d . hether th operation. The IABP was turned off when clamping or
e present study attempts to determine whether t eunclamping the aorta or while cardioplegia cannulas were

effect of CPB pU|Sati_|e perfusion, generated tthUQh inserted or removed. The frequency of the setting was 80
the use of IABP, on Siy, and r®, at normothermia is times a minute during CPB.

better than that of nonpulsatile perfusion. To identify the IABP pressure waveforms in the cerebral
artery during the CPB period, we measured the flow velocity at
Methods the middle cerebral artery (MCA), as described previdisly.

A total of 22 patients undergoing elective coronary artery ~ To estimate the state of a5 a spectrophotometer probe
bypass graft surgery were selected after obtaining the approval (INVOS 3100; Somanetics, Troy, Mich; distances between
of the ethics committee of our institution and getting written the light source and the two receivers were 3 cm and 4 cm)
informed consent from the patients. We divided the series of was attached to the mid forehead with adhesive and a rubber
22 consecutive patients randomly into 2 groups: one group Strap, with r®, being recorded throughout the procedure.
who received IABP before induction of anesthesia and one  CPB was primed with a crystalloid, nonglucose-containing
who did not. Group 1 received nonpulsatile perfusion during solution, and the pump flow rate was maintained at 2.2 to 2.5
CPB, and group 2 received pulsatile perfusion during CPB. L - mirr® - nT2 A membrane oxygenator and a 4@ arteri-

No patients had pulmonary, renal, or hepatic disease. In al line filter were used, and arterial carbon dioxide tension,
addition, no patients had a neurologic disease or any cerebralwhich was not corrected for temperature, was adjusted to nor-
vascular disorders, as confirmed by preoperative brain com- mocapnic levels (35-40 mm Hg) by varying the fresh gas
puted tomography, ultrasonography, and magnetic resonanceflow to the membrane oxygenator (alpha-stat regulation).

imaging. The target nasopharyngeal temperature was 35°C in the
Anesthesia was induced by intravenous injections @f¢380 normothermic condition.
- kg* of fentanyl, 0.2 mg - kg of midazolam, and 0.2 mg - Hematocrit was maintained at approximately 0.20 on CPB,

kg~* of vecuronium, and the trachea was then intubated. After and blood was infused as needed. Phenylephrine infusions
induction of anesthesia, a pulmonary artery catheter were used during CPB to maintain the mean arterial pressure
(Vigilance Swan-Ganz CCO Thermodilution Catheter; at 50 to 90 mm Hg.

Baxter Healthcare Corp, Irvine, Calif) was inserted through  Intermittently, antegrade blood cardioplegia was adminis-
the right internal jugular vein. Sjy was monitored with a 4F  trated at 37°C. Distal and proximal coronary anastomoses were
fiberoptic oximetry oxygen saturation catheter (dual-lumen performed during a single period of aortic crossclamping.
oximetry catheter; Baxter) inserted retrogradely into the right ~ Hemodynamic variables, arterial and jugular venous blood
jugular bulb. The position of the catheter was verified radi- gases, and 5 were measured at the following times: (1) after
ographically. The catheter was connected to an Explorer sys- the induction of anesthesia and before the start of the operation,
tem (Baxter), which was calibrated in vivo by drawing a (2) after sternotomy, (3) 20 minutes after CPB, (4) 40 minutes
blood sample from the catheter. The partial pressure of the after CPB, (5) 60 minutes after CPB, (6) 30 minutes after the
arterial, mixed venous, and jugular venous blood gases was cessation of CPB, and (7) at the end of the operation.
analyzed with a Stat Profile Ultima device (Nova Biomedical, Intraoperative epiaortic ultrasonography revealed no
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Fig 1. Time course changes in 8jyand NIRS during the study. No significant differences iro3jand NIRS
were observed between the 2 groups. Data are expressed as mean + SD.

moderate or severe atherosclerotic lesions in the ascending Table I. Demographic data for the 2 groups

aorta.

Statistical analysis.

The 22 patients were equally divided into pulsatile and non-
pulsatile groups by a block randomization method. After the

study was completed, we examined the sample size. On the 1. cpB time (min)

basis of the variance in previous measurements of,Sfthe
sample size provides 80% power to detect a 20% difference
between groups with a 5% probabilityaitype error.

All data are expressed as mean + SD. Analysis of variance

for repeated measurements was used to test for significant

differences between and within groups. Post hoc data were
analyzed by paired or unpairetests when appropriate, with
Bonferroni corrections for multiple comparisons. All calcula-
tions were performed on a Macintosh computer with the
SPSS (SPSS, Inc, Chicago, Ill) and StatView 4.0 software
packages (Abacus Concepts, Inc, Berkeley, Calif).

Results

No patients showed postoperative neurologic dysfunc-
tion, such as cerebral infarction, agitation, or delirium.
Table | shows the demographic data of the 2 groups.
No significant differences were observed in age,
height, weight, left ventricular ejection fraction, aortic
clamping time, and total CPB time between the 2
groups.
In both groups, the Spy value decreased at an early
time point of CPB compared with period (B £ .03)
(Fig 1). Five patients in group 1 and 6 in group 2 had an
Sjvo, value less than 50%. However, the@jvalue did
not differ significantly between groups at any time point.
In both groups, the & value decreased during the
CPB period P = .04) (Fig 1). However, the &5 value

Group 1 Group 2 Pvalue
Age (y) 66 +7 63+5 .33
Height (cm) 158 +6 157 +7 .68
Weight (kg) 53+5 55+5 .55
LVEF (%) 64+7 61+6 .32
132+13 148+18 .26
Aortic clamping time (min) 101+11 10912 41

Values are means + SDVEF, Left ventricular ejection fraction.

did not differ significantly between groups at any time
point.

No significant differences were observed in tympan-
ic membrane temperature, cardiac index, internal jugu-
lar vein pressure, or arterial carbon dioxide tension at
any point in the study (Table II).

During three 20-minute periods of CPB, no signifi-
cant differences were observed in the mean MCA flow
velocity of the 2 groups (group 1, 20 + 4 cm -3ec
group 2, 24 + 4 cm - se§ (Table Ill). Fig 2 shows a
typical MCA flow waveform obtained by transcranial
Doppler ultrasonography at period 3.

The IABP efficacy in group 2 was monitored at the
femoral artery. The pulse pressure, dP/dt, —dP/dt, and
inflation times were 24 + 8 mm Hg, 645 + 64 mm Hg/s,
—454 + 49 mm Hg/s, and 211 + 33 ms (mean + SD),
respectively, during the three 20-minute periods of CPB.

Discussion
One recent study reported that normothermic CPB

has a more adverse effect on intelligence than
hypothermic CPB# Croughwell and colleagués
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Table Il. Variable parameters in pulsatile or nonpulsatile groups during perioperative period

Measurement time

Parameter Mode 1 2 3 4 5 6 7

CI(L - mirt. nT?d Pulsatile 2.7+0.8 26+1.0 25+0.1 25+0.1 25+0.1 3.0+0.6 3.0+09
Nonpulsatile 28+0.7 26+0.8 25+0.1 25+0.1 25+£0.1 3.2+£06 3.1+05

MAP (mm Hg) Pulsatile 90+21 104 £ 15 64 +314 61 +12 66 + 14 83+10 85+14
Nonpulsatile 85+10 102 + 15 69+11 50+8 63 +£10 79+9 81+11

IJP (mm Hg) Pulsatile 10+2 11+2 72 7+3 6+3 9+3 10+3
Nonpulsatile 10+3 10+3 7+3 7+3 6+3 9+3 10+3

Paco, (mm Hg) Pulsatile 35+2 37+2 40+5 36+4 38+3 365 40+3
Nonpulsatile 38+4 36+4 37+3 36+3 38+3 40+4 37+5

Hb (g - db Pulsatile 108 +1.3 105+1.6 70+12 69106 72+09 79+09 8.9+0.6
Nonpulsatile 115+1.2 11.0+11 73+1.1 76+13 75+17 80+14 87+09

TT (°C) Pulsatile 35.7+0.7 355+0.7 349+1.3 353+£1.2 355+1.2 358+1.1 357+1.1
Nonpulsatile 352+0.8 355+0.8 35.0+0.8 35.3+0.9 354+0.8 35.8+0.8 35.8+0.9

Values are means + ST, Cardiac indexMAP, mean arterial pressurklP, internal jugular pressuréib, hemoglobin concentratioff;T, tympanic temperature.
Measurement timed, After the induction of anesthesia and before the start of the operatiafter sternotomy3, 20 minutes after the onset of CPB;40 min-
utes after the onset of CPB;60 minutes after the onset of CRB30 minutes after the end of CPB; andit the end of the operatioR.values compared to mea-
surement time 1 are as follows:.036;b, .021;c, .041;d, .008;e,.007;f, .014;g, .029;h, .041.

reported that a reduction in $jywas closely associat-
ed with postoperative neurologic disorders. Thus we
attempted to determine whether or not pulsatile perfu-
sion, a method used by Mutch and assocldateame-
liorate the reduction in Spy during the rewarming
period, could prevent the reduction in §j\during nor-
mothermic CPB. However, in the present study, no dif-
ferences in Sju, and r®, were observed between pul-
satile and nonpulsatile perfusions under conditions of
normothermia.

Sjvo, has been thought to be an index of flow/metab-
olism coupling® The present study suggested that pul-
satile perfusion generated by IABP does not improve
the state of global cerebral oxygenation. Few studies
concerning the effects of pulsatile perfusion ono$jv
during normothermic CPB have been reported in
human being&1°Our findings contrast with the results
obtained by Mutch and associafesho found signifi-
cantly lower Sjw,s during rewarming after hypother-
mic CPB when apulsatile flow was used than when pul-
satile flow was employed. Given the strong effects of
hypothermia on Sjv, during CPB found by Cook and
coworkers’ it is likely that the discrepancy between the
results of this study and that of Mutch are due to the
fact that this study used normothermic CPB and Mutch
employed hypothermic CPB. Many studies have
reported that the most important factor related to cere-
bral blood flow is the mean MCA flow velocit{.In

not correlate well with cerebral blood flow measure-
ments during CPB?20 However, the fact that mean
MCA flow velocities were the same between the pul-
satile and nonpulsatile groups during CPB offers rea-
sonable support for the contention that mean cerebral
blood flow was approximately equivalent between the
groups. Furthermore, the cerebral perfusion pressure,
as in our study, was greater than 50 mm Hg throughout
CPB in both groups. Sadahiro, Haneda, and Mbhri
demonstrated that cerebral autoregulation should be
intact when cerebral perfusion pressure is maintained
at more than 50 mm Hg. This also indicated that cere-
bral blood flow in this study was approximately equiv-
alent between the 2 groups. Furthermore, in our study
CPB was in a normothermic condition, and thus the
decrease in Sgy, value at hypothermia was likely not
induced solely by the high blood-brain temperature
gradient, as suggested by Hindman and colleatjlres.
normothermic conditions, we believe that &jis real-
ly an index of flow-metabolism coupling in the brain.
Above all, we believe that pulsatile flow generated by
IABP, which when estimated by MCA flow velocity
waveforms was shown to have an effective and physio-
logic pulsatility, did not produce any beneficial effect
on global cerebral circulation.

Recent animal studies have demonstrated that pul-
satility does not produce any further beneficial effects
on regional cerebral circulatio¥®? Hindman and

our study, no differences between the 2 groups in mean coworker$ reportedly found no differences between

MCA flow velocity were observed. In addition, Cheung
and associatésreported that IABP did not produce an
increase in mean MCA flow velocity. This is consistent
with our result. MCA flow velocity measurements do

cerebral blood flow and metabolism during pulsatile
CPB, nor during nonpulsatile CPB in normothermic
animals. Lodge and colleagdésalso demonstrated

that pulsatile perfusion did not improve regional cere-



The Journal of Thoracic and
Cardiovascular Surgery
Volume 118, Number 2

Table Ill. Transcranial Doppler data for the 2 groups

Group 1 Group 2 P value
Mean MCA velocity (cm/s) 205 24 +5 44
Peak MCA velocity (cm/s) — 477
Pulsatile index — 18+0.5

Values are mean + SD.

bral blood flow in the infant animal model. In contrast,
several reports have reportedly found benefits of pul-
satile perfusion. In some of these reports, the quality of
pulsatility was below acceptable levéfThe fact that

no effects of pulsatility on k8, as measured by NIRS,
were observed in the present study indicated that the
state of rSpis not preserved even when pulsatility gen-
erated by IABP during normothermic CPB is applied in

human beings. To date, there have been no reports

describing the effect of pulsatility on@sduring CPB
under conditions of normothermia in human beings.
Sapire and associaféseported that the state ofag

as measured by NIRS, decreased during hypothermic
nonpulsatile CPB in human beings. Nollert and
coworkerg* reported the same phenomenon during
hypothermic nonpulsatile CPB. In contrast, several ani-
mal studies reported advantages associated with pul-
satility for maintaining the state of 8522 Matsumoto,
Wolferth, and Perlmad,in an animal model study,
reported that pulsatile perfusion was superior to non-
pulsatile perfusion with regard to cerebral capillary
collapse, intravascular sludging, and vasodilation. This
discrepancy might be partly attributable to the differ-
ence in anesthetic method or anesthetic dosage.
Newman and associaf@suggested that propofol may
reduce the embolic load to the brain and thus have a
cerebral protective effect. In contrast, Souter, Andrews,
and Alstor® reported that propofol could not amelio-
rate the reduction in Spy value during the rewarming
period. The difference in anesthetic dosage likely had a
major effect on cerebral circulation.

Study limitations

No significant differences in the cardiac index with
or without the use of IABP were observed. IABP pro-
duces an approximate 20% increase in cardiac output.
However, a number of factors modulate this effect,
including the size of the balloon, how proximally the
balloon is situated in the aorta, compliance of the aorta,
aortic pressure, left ventricular function, and cardiac
rate and rhythm? Patients with IABP in this study had
good left ventricular function. Thus in the present study
we concluded that IABP does not produce any further
beneficial effects on cardiac index.
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Fig 2. A typical MCA flow waveform obtained by transcra-
nial Doppler ultrasonography at period 8. Group 1.B,
Group 2.

Although NIRS has been used as a noninvasive, real-
time, on-line monitor for determining the state aby#
animals and human beints,a technical limitation
exists, as noted by Pollard and Proé@Furthermore,
other types of NIRS machines that are capable of assess-
ing the state of mitochondrial redox in the brain are
needed to estimate the degree of microcirculdfiéh23

The most recent reports from the Duke group sug-
gested that a reduction in $jvhas only a minor inde-
pendent effect on neuropsychologic outccihe.
However, a reduction in Spy in patients with a preex-
isting neurologic disorder may have great influence on
neurologic outcomé?

In conclusion, pulsatility generated through the use
of IABP did not produce any beneficial effect on@jv
and r®, at normothermia.

We thank Dr Someya and Dr Kamiyashiki for their techni-
cal assistance (Division of Medical Engineering, Saitama
Cardiovascular and Pulmonary Center) and Dr Shimada
(Department of Public Health, Gunma University) for his sta-
tistical assistance.

REFERENCES

1. Hornick P, Taylor K. Pulsatile and nonpulsatile perfusion: the
continuing controversy. J Cardiothorac Vasc Anesth 1997;11:
310-5.

2. Matsumoto T, Wolferth CC, Perlman MH. Effects of pulsatile and



366 Kawahara et al

nonpulsatile perfusion upon cerebral and conjunctival microcir-
culation in dogs. Am Surg 1971;37:61-4.

3. Sanderson JM, Wright G, Sims FW. Brain damage in dogs imme-
diately following pulsatile and non-pulsatile blood flow in extra-
corporeal circulation. Thorax 1972;27:275-86.

4. Hindman BJ, Dexter F, Ryu K, Smith T, Cutkomp J. Pulsatile ver-
sus nonpulsatile cardiopulmonary bypass. Anesthesiology 1994;
80:1137-47.

5. Hindman BJ, Dexter F, Smith T, Cutkomp J. Pulsatile versus non-
pulsatile flows. Anesthesiology 1995;82:241-50.

6. Sheinberg M, Kanter MJ, Robertson CS, et al. Continuous moni-
toring of jugular venous oxygen saturation in head-injured
patients. J Neurosurg 1992;76:212-7.

7. Cook DJ, Oliver WC Jr, Orszulak TA, Daly RC. A prospective,
randomized comparison of cerebral venous oxygen saturation
during normothermic and hypothermic cardiopulmonary bypass.
J Thorac Cardiovasc Surg 1994;107:1020-9.

8. Croughwell ND, Newman MF, Blumenthal JA, et al. Jugular bulb
saturation and cognitive dysfunction after cardiopulmonary
bypass. Ann Thorac Surg 1994;58:1702-8.

9. Mutch WAC, Lefevre GR, Thiessen DB, Girling LG, Warrian

RK. Computer-controlled cardiopulmonary bypass increases

jugular venous oxygen saturation during rewarming. Ann Thorac

Surg 1998;65:59-65.

Henze T, Stephan H, Sonntag H. Cerebral dysfunction following

extracorporeal circulation for aortocoronary bypass surgery: no

differences in neuropsychological outcome after pulsatile versus
nonpulsatile flow. Thorac Cardiovasc Surg 1990;38:65-8.

11. Levy WL, Levin S, Chance B. Near-infrared measurement of
cerebral oxygenation. Anesthesiology 1995;83:738-46.

12. Kirkpatrick PJ, Smielewski P, Menon DK, Pickard JD. Near-
infrared spectroscopy use in patients with head injury. J
Neurosurg 1995;83:963-70.

13. Undar A, Calhoon JH, Cossman RM, Johnson SB. The effects of
pulsatile cardiopulmonary bypass on cerebral and renal blood
flow in dogs (letter). J Cardiothorac Vasc Anesth 1998;12:126-7.

14. Cook DJ, Orszulak TA, Daly RC. The effects of pulsatile car-
diopulmonary bypass on cerebral and renal blood flow in dogs. J
Cardiothorac Vasc Anesth 1997;11:420-7.

15. Mulay AV, Zacharias S, Hansbro SD, Catchpole RW, Nair RU.
Should intraaortic balloon counterpulsation be continued during
cardiopulmonary bypass? (letter). J Thorac Cardiovasc Surg
1997;114:1128-9.

16. Cheung AT, Levy WJ, Weiss SJ, et al. Relationship between cere-
bral blood flow velocities and arterial pressures during intraaortic
counterpulsation. J Cardiothorac Vasc Anesth 1998;12:51-7.

17. Kadoi Y, Saito S, Morita T, et al. The differential effects of

10.

The Journal of Thoracic and
Cardiovascular Surgery
August 1999

prostaglandin Eand nitroglycerin on regional cerebral oxygena-
tion in anesthetized patients. Anesth Analg 1997;85:1054-9.

18. Regragui |, Birdi |, 1zzat MB, et al. The effects of cardiopul-
monary bypass temperature on neuropsychologic outcome after
coronary artery operations: a prospective randomized trial. J
Thorac Cardiovasc Surg 1996;112:1036-45.

19. Nuttall GA, Cook DJ, Fulgham JR, Oliver WC, Proper JA. The
relationship between cerebral blood flow and transcranial
Doppler blood flow velocity during hypothermic cardiopul-
monary bypass in adults. Anesth Analg 1996;82:1146-51.

20. Weyland A, Stephan H, Kazmaier S, et al. Flow velocity mea-
surements as an index of cerebral blood flow. Anesthesiology
1994;81:1401-10.

21. Sadahiro M, Haneda K, Mohri H. Experimental study of cerebral
autoregulation during cardiopulmonary bypass with or without
pulsatile perfusion. J Thorac Cardiovasc Surg 1994;108:446-54.

22.Lodge AJ, Undar A, Daggett W, Runge TM, Calhoon JH,
Ungerleider RM. Regional blood flow during pulsatile cardiopul-
monary bypass and after circulatory arrest in an infant model.
Ann Thorac Surg 1997;63:1243-50.

23. Sapire KJ, Gopinath SP, Farhat G, et al. Cerebral oxygenation
during warming after cardiopulmonary bypass. Crit Care Med
1997;25:1655-62.

24. Nollert G, Mohnle P, Prell PT, et al. Postoperative neuropsycho-
logical dysfunction and cerebral oxygenation during cardiac
surgery. Thorac Cardiovasc Surg 1995;43:260-4.

25. Newman MF, Murkin JM, Roach G, et al. Cerebral physiological
effects of burst suppression doses of propofol during nonpulsatile
cardiopulmonary bypass. Anesth Analg 1995;81:452-7.

26. Souter MJ, Andrews PJD, Alston RP. Propofol does not amelio-
rate cerebral venous oxyhemoglobin desaturation during
hypothermic cardiopulmonary bypass. Anesth Analg 1998;86:
926-31.

27. Hessel EA. Cardiopulmonary bypass equipment and circulatory
assist devices. In: Estafanous FG, Barash PG, Reves JG, editors.
Cardiac anesthesia, 1st ed. Philadelphia: JB Lippincott; 1994. p.
241-92.

28. Pollard V, Prough DS. Cerebral near-infrared spectroscopy: a
plea for modest expectations. Anesth Analg 1996;83:673-4.

29. Newman MF, Kramer D, Croughwell ND, et al. Differential age
effects of mean arterial pressure and rewarming on cognitive dys-
function after cardiac surgery. Anesth Analg 1995;81:236-42.

30. Goto T, Yoshitake A, Baba T, Shibata Y, Sakata R, Uozumi H.
Cerebral ischemic disorders and cerebral oxygen balance during
cardiopulmonary bypass surgery: preoperative evaluation using
magnetic resonance imaging and angiography. Anesth Analg
1997;84:5-11.



