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EFFECTS OF NIMODIPINE ON CEREBRAL BLOOD FLOW
AND NEUROPSYCHOLOGICAL OUTCOME AFTER
CARDIAC SURGERY

M. FORSMAN, B. TUBYLEWICZ OLSNES, G. SEMB AND P. A. STEEN

SUMMARY

Thirty-five patients undergoing cardiac surgery
requiring cardiopu/monary bypass (CPB) were
allocated randomly in a prospective double -
blind study to receive either nimodipine
0.5 ng kg-1 min~1 or placebo. Cerebral blood flow
(CBF) was measured during and immediately
after CPB. Neuropsychological tests were per-
formed 6 months after surgery to determine any
relationship between ischaemic damage and
CBF and administration of nimodipine. There
were no differences in CBF between the nimo-
dipine (r\ = 18) and placebo groups (n = 17).
Significant changes in neuropsychological tests
were found in six patients tested 6 months after
surgery but there were no conclusive signs of
ischaemic damage. The nimodipine-treated
group performed better in tests of verbal fluency
and visual retention, suggesting that some mem-
ory functions were preserved better in this group.
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The incidence of neurological sequelae after
cardiac surgery varies from 1.3% to 79% [1-3].
Several studies have examined intraoperative
factors associated with poor neurological outcome
[4-7]. These include reduced cerebral perfusion
pressure (CPP) during cardiopulmonary bypass
(CPB) [5], and some postmortem studies have
shown lesions in the boundary territories between
major cerebral arteries, indicating hypotensive
ischaemia [6]. Particulate or air emboli from the
bypass circuit may also cause localized ischaemia

Development of ischaemic damage has been

linked to an increase in intracellular free Ca!+

during ischaemia reducing further cerebral blood
flow (CBF) and inducing deleterious intracellular
events including breakdown of phospholipids,
production of free oxygen radicals and release of
excitatory amines [8, 9].

The calcium channel blocker nimodipine has
been reported to increase CBF both in regional
cerebral ischaemia [10] and in the period of
reduced flow after resuscitation from cardiac
arrest in man [11].

This study was designed to determine if
nimodipine has any influence on CBF during and
shortly after CPB and if it reduces the incidence
of cerebral damage as measured by neuro-
psychological testing.

PATIENTS AND METHODS

This prospective study was approved by the
Institutional Ethics Committee, the Norwegian
Council for Science and the Humanities and the
Norwegian Medicine Control Authority. In-
formed consent to participate in the study was
received from 39 patients undergoing replacement
of the mitral or aortic valve, coronary artery bypass
grafting (CABG), or any combination of these
procedures. Patients with known cerebral,
cerebrovascular or psychiatric disorders were
excluded.

Neuropsychological tests were performed by
the same neuropsychologist (B.T.O.) on the day
before surgery and within 5 days and 6 months
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TABLE I. Neuropsychological tests used, number of test variables and main function tested

Test name
Number of

variables Tested function

Mental state
Jacobs [12]
PASAT [13]
Trail-making [14]

Verbal fluency [15]

Memory tests
Bentons visual [16]
Lurias methods [17]
Verbal digit span [18]

Motor tests
Digit symbol [19]
Zazzo [19]

4 Organic mental screening
1 Information processing
2 Conceptual shifting, verbal mediation,

perceptual motor speed
2 Word production, associative memory

8 Visual retention test
7 Verbal learning, distractability
2 Short memory test

1 Motor speed, perception
4 Motor speed, perseveration tendency

after surgery. Thirty-one test variables were used,
testing mental state, memory, psychomotor per-
formance and sustained attention (table I)
[12-19].

All patients received pethidine 1 mg kg"1 and
promethazine 0.5 mg kg"1 i.m. 1 h before op-
eration. All anaesthetic procedures were per-
formed by anaesthetists not involved in the study.

Anaesthesia was induced with fentanyl
0.01-0.02 mg kg"1 and diazepam 0.1-0.2 mg kg"1

and maintained with 50 % nitrous oxide in oxygen
and additional doses of fentanyl 0.2-0.4 mg and
diazepam 2.5-5 mg as needed. Neuromuscular
block was produced with pancuronium
0.1 mg kg"1 and maintained with additional doses
of 2 mg when needed.

Ventilation of the lungs was adjusted to keep
Paco, at 4.6-5.6 kPa at the actual patient tem-
perature (oesophageal). A pulmonary artery and
a radial artery catheter were used for measuring
haemodynamic variables.

Hypotension, denned as a reduction in mean
arterial pressure (MAP) of 20% less than pre-
anaesthetic values, if it occurred before CPB, was
treated with an infusion of crystalloids, while that

during weaning from CPB and after CPB was
treated with dopamine, adrenaline or both.

CPB was performed in a non-pulsatile mode
using a roller pump (Polystan) and a bubble
oxygenator (Polystan 011500). A 30-um filter
(Polystan standard) was used in the cardiotomy
suction and a depth filter (Cobe, U.S.A.) in the
arterial cannula. The pump flow was set initially
at 2.4 litre min"1 m"2 and reduced to 2.0 litre
min"1 m~2 during hypothermia (30 °C).

CBF was measured (fig. 1) after sternotomy and
during hypothermic CPB (30 °C). An i.v. infusion
of nimodipine 0.5 ^g kg"1 min"1 or placebo (the
solvent for nimodipine, each 10 ml containing
ethanol 1.5 g, polyethylene glycol (400) 1.5 g,
sodium citrate 0.02 g, citric acid 0.003 g and water
7 g) was thereafter started in a randomized,
blinded fashion. Further measurements were
performed 15 and 45 min later, after CPB when
the circulation was stable and 15 min after the
infusion had been discontinued.

In the first 10 patients (six nimodipine, four
placebo) CBF before and after bypass was
measured by xenon clearance. After i.v. injection
of xenon-133 15-20 mCi, clearance was measured
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FIG. 1. Timing of cerebral blood flow (CBF) measurements in relation to start of surgery,
cardiopulmonary bypass period ( 0 ) and infusion of study drug (nimodipine/placebo) ( • ) •
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by five external scintillation detectors positioned
over the right parietal hemisphere. An air detector
sampled expired air for assessment of arterial and
air xenon-133 activity using a Novo Cerebrograph
10a (Novo, Hadsund, Denmark). CBF was de-
termined from the initial slope index as described
by Risberg and colleagues [20]. During CPB,
xenon-133 was injected in a catheter positioned in
the right common carotid artery via the brachio-
cephalic trunk. CBF was then measured by the
method of Olesen, Paulsen and Lassen [21]. All
measurements were corrected for background or
remaining activity and for changes in the xenon-
133 tissue:blood partition coefficient, caused by
variations in temperature and packed cell volume
(PCV) [22].

The i.v. technique was abandoned after the first
10 patients as it was felt that the need for 11 min
of surgery without diathermy was incompatible
with optimal patient care. In the remaining
patients, all CBF measurements were performed
by the intra-arterial method, requiring only 1 min
without diathermy.

Cerebral vascular resistance index (CVRI,
mm Hg ml"1 100 g"1 min"1) was calculated from
the cerebral perfusion pressure (CPP =
MAP-CVP) and CBF.

Haemodynamic variables, blood-gas tensions
and temperature were measured at the same
intervals as CBF and 8, 16 and 24 h after surgery.
In addition, the requirements for inotropic drugs
were recorded.

Physiological variables between treated and
untreated patients were compared with Mann-
Whitney rank sum test. For statistical comparison
of number of patients in denned groups, chi-
square test was used. The Wilcoxon signed rank
sum test was used for comparison of changes
during the procedure. As this was a study
primarily of CBF, power analysis was performed
of possible effects on CBF and not on neurological
outcome. In a previous study [23] mean CBF
during CPB was 12 ml 100 g"1 min"1. Nimodipine
doubled CBF after cardiac arrest in man [11]. If
CBF increased 50% with nimodipine in the
present study, with SD = 4, 10 patients in each
group would be sufficient for P < 0.05 with a
power of 90%.

The neuropsychological tests were analysed
with Student's t test, and correlation analysis for
age, sex and education was performed on the
differences before and after the operation. All
values are mean (SEM).

TABLB II. Patient data, cardiovascular slate and operative
details. AVR = Aortic valve replacement; MVR = mitral

valve replacement. *P < 0.05

Age(yr)
Sex(M/F)
Hypertension
Previous myocardial
infarction

Ejection fraction (%)
AVR-MVR/CABG

Nimodipine
(n = 18)

62(2)
13/5

1*
6

64(3)
8/10

Placebo
(n=17)

59(2)
12/5
5*
8

53(5)
6/11

RESULTS

Four patients (two nimodipine, two placebo) were
excluded as it was not possible to inject xenon-133
into the right carotid artery because of non-
symptomatic stenosis, leaving 35 patients (18
nimodipine, 17 placebo). There were no sig-
nificant differences in patient characteristics or
type of surgery between the groups, except that
significantly more patients in the placebo group
were hypertensive (table II). Long term calcium
channel blocker treatment was stopped at least
48 h before the operation in seven patients (three
nimodipine, four placebo).

There were no significant differences between
the two groups in haemodynamic variables, blood-
gas tensions, PCV or temperature (table III), or in
durations of surgery or CPB.

The CBF values obtained before and after
CPB by the i.v. method [20] (21.5 (2.1) ml
100 g"1 min"1 and 30.4 (2.2) ml 100 g"1 min"1)
were not significantly different from those
obtained by the intra-arterial method [21]
(22.3 (1.5) ml lOOg^min"1 and 30.1 (1.7) ml 100
g"1 min"1). The results from the two methods
were therefore pooled.

There were no significant differences in CBF
between the nimodipine group and the placebo
group at any time (fig. 2) or in CVRI. CBF
increased significantly with a concomitant de-
crease in CVRI during hypothermic CPB in both
groups and remained increased after CPB in the
nimodipine group. In the placebo group, CBF
was not significantly different 15 min after dis-
continuation of the infusion from before CPB.

There were no significant differences in the
need for inotropic drugs between the two groups
during weaning from CPB or during the first 24 h
after operation.

Seven patients did not undergo neuro-
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TABUB III. Mean arterial pressure (MAP), cardiac index (C7), systemic vascular resistance index (SVRI), central venous pressure (CVP), pulmonary capillary wedge
pressure (PCWP), pH, Pco t l Vov PCV AND OESOPHAGEAL TEMPERATURE IN PATIENTS GIVEN NIMODIPINE (n = 18) (N) or placebo (n = 17) (P) during

and 8, 16, 24 h after operation

Variable

MAP (mm Hg)
N
P

CI (litre m«)
N
P

SVRI (dyn cm"1 m1)
N
P

CVP (mm Hg)
N
P

PCWP (mm Hg)
N
P

pH
N
P

Pco, (kPa)
N
P

Po,(kPa)
N
P

PPVrb v
N
P

Temp. (°C)
N
P

After
stcmot.

pre-CPB

77(2)
82(3)

2.1 (0.1)
2.5 (0.2)

2985 (273)
2747 (250)

6(1)
5(1)

10(1)
9(1)

7.43 (0.01)
7.42 (0.01)

4.6 (0.2)
4.5 (0.2)

22.2 (3.3)
23.1 (2.7)

0.35 (0.01)
0.36(0.01)

36.1 (0.2)
36.1 (0.1)

0 min

60(3)
58(3)

2.3(0.1)
2.4(0.1)

1968(131)
1732(103)

3(1)
3(1)

—
—

7.40(0.01)
7.41 (0.01)

4.8(0.1)
4.7(0.1)

23.9(3.1)
20.2 (4.5)

0.24 (0.01)
0.22(0.01)

27.7 (0.4)
30.9 (0.7)

During CPB

15 min

58(2)
65(3)

2.2(0.1)
2.4(0.1)

2074(137)
2150(130)

2(1)
3(1)

—
—

7.39(0.01)
7.38(0.01)

5.3(0.1)
5.1 (0.2)

30.4 (5.0)
23.6 (3.6)

0.25 (0.01)
0.23(0.01)

30.4 (0.5)
32.3 (0.7)

45 min

57(3)
64(4)

2.4(0.1)
2.4(0.1)

1857(162)
2053(168)

3(1)
2(1)

—
—

7.37(0.01)
7.39(0.01)

5.5(0.1)
5.0 (0.2)

23.9 (3.5)
30.8 (3.2)

0.25(0.01)
0.24(0.01)

34.1(0.9)
35.2 (0.9)

After CPB

Immed.

77(3)
86(4)

3.2 (0.4)
2.6 (0.2)

1896 (237)
2465 (305)

10(1)
10(1)

14(1)
13(2)

7.40(0.01)
7.40(0.01)

4.8(0.1)
5.0 (0.2)

29.1(6.3)
32.7(6.1)

0.29 (0.01)
0.30(0.01)

37.0(0.1)
37.2(0.1)

15 min

80(2)
84(4)

2.9 (0.3)
2.6(0.3)

2220 (227)
2586 (354)

10(2)
10(1)

13(1)
14(1)

7.41 (0.01)
7.41 (0.01)

4.8(0.1)
4.9 (0.2)

29.1(6.2)
32.7 (6.2)

0.30 (0.02)
0.32 (0.01)

37.0(0.1)
37.0(0.1)

8 h

78(2)
84(3)

2.3 (0.3)
2.3(0.1)

2751(225)
2967 (259)

9(1)
8(1)

11(1)
11(1)

7.43(0.01)
7.43(0.01)

4.9 (0.2)
4.7 (0.2)

23.1 (2.3)
27.4(1.5)

—
—

37.4 (0.2)
37.6(0.1)

After operation

16 h

73(2)
79(2)

2.8 (0.3)
2.6(0.1)

2131(204)
2326 (157)

9(1)
8(1)

11(1)
11(1)

7.40(0.01)
7.39(0.01)

5.2(0.2)
5.4 (0.2)

16.1(1.4)
17.8(1.3)

—

38.4 (0.2)
38.5(0.1)

24 h

79(3)
86(2)

3.2 (0.4)
3.0 (0.2)

2048 (213)
2102(128)

9(1)
10(1)

12(1)
12(1)

7.38(0.01)
7.37(0.01)

6.1(0.2)
6.6 (0.3)

14.4(1.0)
16.0(1.2)

—
—

38.1 (0.1)
38.3(0.2)
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FIG. 2. Cerebral blood flow (CBF) measured before, during
and after cardiopulmonary bypass (CPB) in patients treated
with nimodipine ( • ) (n = 18) or placebo ( • ) (n = 17) when

on CPB. *P < 0.05 compared with the value before CPB.

psychological testing 6 months after surgery. In
the nimodipine group two died (cardiac failure,
sepsis) and three declined, while in the placebo
group two patients died (cardiac failure), leaving
13 in the nimodipine group (five valve replace-
ment, eight CABG) and 15 in the placebo group
(five valve replacement and 10 CABG). The first
five patients were tested also within 5 days of
surgery, but this was discontinued as the general
physical condition of the patients influenced the
test results so that it was not possible to evaluate
adequately any changes.

Significant differences were found in six vari-
ables of 31 tested 6 months after surgery. Verbal
fluency [15] was unchanged in the nimodipine
group and decreased significantly in the placebo
group. There was an improvement in the Benton
visual test [16] in the nimodipine group, the
results in the placebo group being unchanged. In
two attention and psychomotor tests, both groups
showed improvement after surgery. Two test
variables for mental state were decreased after
surgery, but did not show any differences between
the groups.

DISCUSSION

Nimodipine 0.5 ug kg"1 min"1 did not affect CBF
during or immediately after CPB in man. We have
reported previously that the same dose doubled
CBF in the hypoperfusion period following
resuscitation from cardiac arrest in man [11].

Nimodipine has been reported also to increase
CBF after regional cerebral ischaemia [10], but
not in non-ischaemic areas [24, 25].

The present findings are in agreement, as there
were no signs of cerebral ischaemia in our patients.
The least of 975 regional values measured during
hypothermic CPB was 14 ml 100 g"1 min"1; this
exceeds the values thought to be critical during
hypothermic anaesthesia [26, 27].

Neuropsychological testing appears to be a
sensitive index of cerebral damage. Early testing
may show minor reversible changes, but such
results are unreliable because of fatigue, anxiety
and sleep deprivation. In the present study, the
patients were tested 6 months after surgery. Those
patients who underwent early postoperative
testing showed reduced test scores of indeter-
minate cause. Performance decreased only in three
of 31 tests, so we cannot conclude that there were
definite signs of ischaemic damage. The separate
analysis of the two groups showed a slightly better
outcome for nimodipine-treated patients in terms
of verbal fluency and visual retention. It may be
postulated that some memory functions were
preserved better in this group, but no firm
conclusions can be drawn.

The values for CBF before CPB in the present
study are similar to those reported by others
[23, 28]. Those found during hypothermic CPB
are comparable also, but the range of values is
greater [29,30]. These apparent discrepancies
may be explained at least partly by variations in
factors known to influence CBF, such as Paco.j
anaesthesia, temperature, PCV and arterial press-
ure.

Another factor that could be important is the
method used for evaluation of CBF during CPB.
In earlier studies [28, 31, 32] CBF during CPB
was calculated by the Height/Area (H/A) formula
after injection of xenon-133 into the arterial port
of the pump oxygenator. The H/A calculation
requires instantaneous arrival of the tracer at the
brain [33], and it is not obvious that this criterion
is fulfilled when the tracer is injected in the
arterial line of the pump oxygenator. The cal-
culation of initial slope index used in the present
study is independent of the input function of the
tracer [21] and influenced only minimally by
recirculation. The index is completed in 1 min,
while the H/A measurement requires 10-15 min,
and it might be difficult to keep stable all variables
such as temperature, PaCOj, PCV and cerebral
perfusion pressure.
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Although CBF did not change with termination
of CPB, the post-CPB values were significantly
greater than those before CPB, as was found by
Johnsson and colleagues [29] and Feddersson and
colleagues [30]. As there were no signs of
ischaemia during CPB, this increase cannot be
explained as post-ischaemic hyperperfusion. It
seems more likely to be caused by the 15 %
reduction in PCV and possible changes in blood
rheology.

Nimodipine 0.5 ng kg"1 min"1 was well toler-
ated systemically, as there were no differences in
any haemodynamic variables or in requirement
for circulatory support between the nimodipine
and placebo groups. Nimodipine did not affect
CBF during or after CPB. Neuropsychological
testing 6 months after operation suggested some
benefits from treatment, but the small number of
patients studied prevents firm conclusions on
cerebral protective effect.

ACKNOWLEDGEMENTS

The study was supported in part by The Norwegian Council
for Science and the Humanities, Sembs Fund, Jahre's Fund
and Bayer Scandinavian Department of Clinical Research.

REFERENCES

1. Gonzalez-Scarano F, Hurtig H. Neurologic complications
of coronary artery bypass grafting: Case-control study.
Neurology 1981; 31: 1032-1035.

2. Shaw PJ, Bates D, Cartlidge EF, French JM, Heavside D,
Julian DG, Shaw DA. Early intellectual dysfunction
following coronary bypass surgery. Quarterly Journal of
Medicine 1986; 225: 59-68.

3. Sotaniemi KA. Cerebral outcome after extracorporal
circulation. Comparison between prospective and retro-
spective evaluations. Archives of Neurology 1983; 40:
75-77. \

4. Kolkka R, Hilberman M. Neurologic dysfunction fol-
lowing cardiac operation with low-flow, low-pressure
cardiopulmonary bypass. Journal of Thoracic and Car-
diovascular Surgery 1980; 79: 432^437.

5. Lundar T, FrSysaker T, Nornes H, Lilleaasen P. Aspects
of cerebral perfusion in open heart surgery. Scandinavian
Journal of Thoracic and Cardiovascular Surgery 1982; 16:
217-222.

6. Malone M, Prior P, Scholtz CL. Brain damage after
cardiopulmonary by-pass: correlations between neuro-
physiological and neuropathological findings. Journal of
Neurology, Neurosurgery, and Psychiatry 1981; 44:
924-931.

7. Aberg T, Ronquist G, Tyden H, Brunnkvist S, Hultman
J, Bergstrom K, Lilja A. Adverse effects on the brain in
cardiac operations as assessed by biochemical, psycho-
metric and radiologic methods. Journal of Thoracic and
Cardiovascular Surgery 1984; 87: 99-105.

8. Krause GS, White BC, Aust SD, Nayini NR, Kumar K.
Brain cell death following ischemia and reperfusion: A

proposed biochemical sequence. Critical Care Medicine
1988: 16: 714-726.

9. Siesjd BK, Bengtsson F. Calcium fluxes, calcium antago-
nists, and calcium-related pathology in brain ischemia,
hypoglycemia and spreading depression: A unifying
hypothesis. Journal of Cerebral Blood Flow and Metabolism
89;9 : 127-139.

10. Barnett GH, Bose B, Little JR, Jones SC, Friel HT.
Effects of nimodipine on acute focal cerebral ischemia.
Stroke 1986; 17: 884-890.

11. Forsman M, Aarseth HP, Nordby HK, Skulberg A, Steen
PA. Effects of nimodipine on cerebral blood flow and
cerebrospinal fluid pressure after cardiac arrest: cor-
relation with neurologic outcome. Anesthesia and An-
algesia 1989; 68: 436-443.

12. Jacobs JW, Bemhard MR, Delgado A, Strain JJ.
Screening for organic mental syndromes in the medically
ill. Annals of Internal Medicine 1977; 86: 40-46.

13. Gronwall DM. Paced auditory serial addition task. Per-
ceptual and Motor Skills 1977; 44: 367-373.

14. Reitan RM, Davison LA. Clinical Neuropsychology :
Current Status and Applications. Washington: VH
Winston and Sons, 1974.

15. Walch KW. Neuropsychology, A Clinical Approach. Edin-
burgh, London, New York: Churchill Livingstone, 1978.

16. Benton AL. Revised Visual Retention Test. Clinical and
Experimental Application. New York: The Psychological
Corporation, 1974.

17. Luria AR. The Neuropsychology of Memory. Washington:
VH Winston and Sons, 1985.

18. Wechsler D. Manual for the Wechsler Adult Intelligence
Scale. New York: The Psychological Corporation, 1955.

19. Zazzo R. Manual Pour I"Examination Psychologique de
FEnfant. Neuchatel: Delachaux et Niestle, 1958.

20. Risberg J, An Z, Wilson EM, Wills EL, Halsey JH.
Regional cerebral blood flow by lalXenon inhalation.
Stroke 1975; 6: 142-148.

21. Olesen J, Paulsen OB, Lassen NA. Regional cerebral
blood flow in man determined by the initial slope of the
clearance of intraarterially injected luXenon. Stroke 1971;
2: 519-540.

22. Chen RYZ, Fan FC, Kim S, Jan KM, Usami S, Chien S.
Tissue-blood partition coefficient for xenon: temperature
and hematocrit dependence. Journal of Applied Physiology
1980; 49: 178-183.

23. Govier AV, Reves JG, McKay RD, Karp RB, Zorn GL,
Morawetz RB, Smith LR, Adams M, Freeman AM.
Factors and their influence on regional cerebral blood flow
during nonpulsatile cardiopulmonary bypass. Annals of
Thoracic Surgery 1984; 38: 592-600.

24. Forsman M, Fleischer JE, Milde JH, Steen PA, Michen-
felder JD. The effects of nimodipine on cerebral blood
flow and metabolism. Journal of Cerebral Blood Flow and
Metabolism 1986; 6: 763-767.

25. Hakim AM, Evans AC, Berger L, Kuwabara H, Worsley
K, Marchal G, Biel C, Pokrupa R, Diksic M, Meyer E,
Gjedde A, Marrett S. The effect of nimodipine on the
evolution of human cerebral infarction studied by PET.
Journal of Cerebral Blood Flow and Metabolism 1989; 9:
525-534.

26. Siesjd BK. Effects of hypothermia on brain energy
metabolism. In: Siesjd BK, ed. Brain Energy Metabolism.
Chichester: John Wiley & Son, 1978; 327-332.

27. Symon L. Flow thresholds in brain ischaemia and the

 at Pennsylvania State U
niversity on M

ay 9, 2016
http://bja.oxfordjournals.org/

D
ow

nloaded from
 

http://bja.oxfordjournals.org/


www.manaraa.com

520 BRITISH JOURNAL OF ANAESTHESIA

effects of drugs. British Journal of Anaesthesia 1985; 57:
34-^3.

28. Murkin JM, Farrar JK, Tweed A, McKenzie FN,
Guiraudon G. Cerebral autoregulation and flow metab-
olism coupling during cardiopulmonary bypass: the
influence of P a ^ . Anesthesia and Analgesia 1987; 66:
825-832.

29. Johnsson P, Messeter K, Ryding E, Nordstr6m L, Stihl
E. Cerebral blood flow and autoregulation during hypo-
thermic cardiopulmonary bypass. Annals of Thoracic
Surgery 1987; 43: 386-390.

30. Feddersen K, Aren C, Nilsson NJ, Ridegran K. Cerebral
blood flow and metabolism during cardiopulmonary
bypass with special reference to effects of hypotension
induced by prostacyclin. Annals of Thoracic Surgery 1986;
41: 395-400.

31. Woodcoock TE, Murkin JM, Farrar J, Tweed A,
Guiraudon G, McKenzie FN. Pharmacologic EEG sup-
pression during cardiopulmonary bypass: cerebral hemo-
dynamic and metabolic effect of thiopental or isoflurane
during hypothermia and normothermia. Anesthesiology
1987; 67: 218-224.

32. Rogers AT, Prough DS, Stump DA, Gravlee GP, Angert
KC, Roy RC, Mills SA, Hinshelwood L. Cerebral blood
flow does not change following sodium nitroprusside
infusion during hypothennic cardiopulmonary bypass.
Anesthesia and Analgesia 1989; 68: 122-126.

33. Hutten H, Schwarz W, Schulz V. Dependence of "Kr
(P)-clearance rCBF determination on the input function.
In: Brock M, Fieschi C, Ingvar DH, eds. Cerebral Blood
Flow. Berlin, Heidelberg, New York: Springer-Verlag,
1969.

 at Pennsylvania State U
niversity on M

ay 9, 2016
http://bja.oxfordjournals.org/

D
ow

nloaded from
 

http://bja.oxfordjournals.org/

