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Objectives: Neurologic impairment, at least partly ischemic in origin, has
been reported in up to 25% of infants undergoing cardiopulmonary bypass,
with or without circulatory arrest. Controversy continues about the effect of
pump flow, pulsatile er nonpulsatile, on the brain and in particular on
cerebral blood flow, This study examines the relationship between pump
flow rate and cerebral hemodynamics during pulsatile and nonpulsatile
cardiopulmonary bypass. Method: Near-infrared spectroscopy was used to
determine cerebral blood flow and cerebral blood volume (measured as
concentration change) in a randomized crossover study. Pulsatile and
nonpulsatile flow were used for six 5-minute intervals at each of three
different pump flow rates (0.6, 1.2, and 2.4 L - m? - min™) in 40 patients,
median age 2 months (range 2 weeks to 20 years 5 months). The relations
between pulsatile flow, pump flow rate, cerebral blood flow, hemoglobin
concentration change (cerebral blood volume), mean arterial pressure,
arterial carbon dioxide tension, and hematocrit value were prospectively
examined by means of multivariate analysis, Results: Cerebral blood flow
decreased 36% per L - m™ - min™ decrease in pump flow rate and was
associated with changes in mean arterial pressure but did not differ
according to pulsatility. Change in hemoglobin concentration was unre-
lated to changes in pulsatility of pump flow. Conclusion: Cerebral blood flow
is related to pump flow rate. Pulsatile flow delivered with a Stockert pump
does not increase cerebral blood flow or alter hemoglobin concentration
during cardiopulmonary bypass in children. (J Thorac Cardiovasc Surg
1997;114:568-77)

n complex congenital heart disease, pump flow is
often reduced to improve surgical exposure, but
the safe lower limit is uncertain. Conventional car-
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diopulmonary bypass (CPB), delivered by a roller or
centrifugal pump, is nonpulsatile, although experi-
mental evidence for adverse cerebral effects has
been detected.! Pulsatile pumps, which apparently
improve systemic, myocardial, and pituitary perfu-
sion,? are available, but whether pulsatile flow holds
any advantages for the brain remains a subject of
controversy.” No previous work has been done in
children, partly because appropriate equipment has
only recently become available.

If the critical opening pressure of the capillary
bed is lower with pulsatile flow, then at low pump
flow rates, the capillary bed or parts of it might be
“open” during pulsatile flow but effectively “closed”
during nonpulsatile flow. Noninvasive near-infrared
spectroscopy (NIRS) offers a unique way of investi-
gating this because an overall increase in capillary
blood volume, in association with a lower critical
opening pressure, would be reflected by an increase
in total hemoglobin concentration (HbVol). In ad-
dition, cerebral blood flow (CBF) may be measured
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repeatedly by means of a modification of the Fick
principle with indocyanine green dye as the tracer.’
Using these methods, this study tests the hypothesis
that pulsatility affects CBF and cerebral blood vol-
ume (CBV) at different pump flow rates.

Patients and methods

The study was approved by the Research Ethics Com-
mittee of the Great Ormond Street Hospital for Children,
and written informed consent was obtained from the
parents of the children studied.

Patients. Forty patients, 26 cyanotic, median age 2
months (range 2 weeks to 20 years 5 months), undergoing
surgical correction of congenital heart defects, were stud-
ied. Diagnostic and procedural data are shown in Table I.

Anesthesia. Anesthesia was standardized, with the age
and clinical condition of the patient being kept in mind.
Premedication was chosen in the light of clinical findings
and after discussion with the parents and child. Seven
patients received no premedication. Thirteen infants
(all < 10 kg) received atropine 20 mg - kg™! by intramus-
cular injection 45 minutes before the operation. One
infant (<10 kg) received an injection of meperidine (INN:
pethidine) compound 0.08 ml - kg™" and atropine 20 mg -
kg™ by intramuscular injection 1 hour before the opera-
tion. Twelve children (3.4 to 10.7 kg) received triclofos 30
mg - kg™ orally; ten of these children also had atropine 20
mg - kg™! by intramuscular injection 90 minutes before the
operation. Of the older children (>15.5 kg), one received
morphine 200 mg - kg™' and scopolamine hydrobromide
10 mg - kg™ by intramuscular injection 1 hour before the
operation, and six were given temazepam 0.25 to (.5 mg
kg™ by mouth 1 hour before the operation. Induction of
anesthesia was by inhalation (nitrous oxide, oxygen, and
halothane) or by intravenous thiopental 3 to 5 mg - kg™! or
ketamine 1 mg - kg™'. Thereafter anesthesia was main-
tained by a generous dose of fentanyl 10 to 40 mg - kg™
with pancuronium (.2 mg + kg™, repeated as required,
although this administration was not standardized. The
patient’s lungs were ventilated by means of intermittent
posifive-pressure ventilation, initially to normocapnia,
with nitrous oxide in oxygen (50:50). Measurements were
performed during this maintenance period. Isoflurane
(0% to 1%) was administered before CPB but was not
used during CPB.

CPB management. CPB was conducted by means of
hypothermic hemodilution techniques with the use of a
pulsatile roller pump (Stockert, Munich, Germany) and a
holiow-fiber membrane oxygenator (Minimax, Medtronic
UK. Ltd., Hertz, United Kingdom, or Safemicro, Poly-
stan, Denmark), placed distal to the roller pump. The
target hematocrit value was in the range of 22% to 25%.
Nasopharyngeal temperature varied according to clinical
need, and the pump flow rate was changed according to
protocol. Details of the priming protocols are published
elsewhere.” The alpha-stat method of arterial blood gas
management was used. Measurements were made during
steady-state hypothermic CPB (18° C to 25.0° C). Three
patients (patients 3, 29, and 40) reached a stable hypo-
thermic temperature of 25°C, whereas another three
patients (patients 9, 10, and 15) reached a stable temper-
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ature of 18° C; the rest of the patients were cooled to
22° C. Pulsatile flow settings used were a heart rate of 100
beats/min. The baseline flow variable was from 0% to
100%; the setting used was 20% during the pulsatile
phase, with a run time of 50%.

Experimental protocol. The principle of NIRS is that
biologic tissues are relatively transparent to light in the
near-infrared spectrum (700 to 1000 nm).* CBF can be
estimated by means of a modification of the Fick principle
that uses indocyanine green dye as an intravascular and
nondiffusible tracer.® The sum of the changes in deoxy-
genated hemoglobin and oxygenated hemoglobin concen-
tration gives the change in HbVol from an arbitrary time.
If the hematocrit value is constant during this period, then
the change in HbVol will be proportional to the change in
CBYV in the tissue sampled.

A commercial spectrophotometer (NIRO 500, Hama-
matsu, Hamamatsu City, Japan) was used. Light at four
wavelengths (776, 819, 843, and 913 nm) was conveved to
the child’s head via a flexible fiberoptic bundle, which
terminated in an optode that was applied to the fronto-
parietal region of the child’s head after induction of
anesthesia. Transmitted light emerging was collected via
another optode and fiberoptic bundle leading to the
photon detector in the spectrophotometer. The distance
between the position of the two optodes was measured
with mechanical calipers and was always greater than 3
cm. To prevent interference from background light, we
wrapped the head in a light-tight cloth. Measurements
were made continuously and collected into 0.5-second
time bins. They were displayed instantaneously and stored
on computer disk for subsequent analysis. The differential
path-length factor, reflecting photon scattering, was 4.39
in children younger than 2 and 5.93 in those older than 2.°
The arterial concentration of tracer was optically quanti-
fied by using a fiberoptic probe (Pulsion Medizintechnik,
Munich, Germany) placed in the arterial line of the CPB
circuit at its junction with the aorta. Indocyanine green
dye (0.1 mg - kg™") was injected upstream to this probe.
Left-to-right shunts did not affect the study because CBF
measurements were taken only when the aorta was cross-
clamped.

Patients were assigned a program of low, medium, and
high flow rates in a random order to be applied during
stable hypothermic bypass. No additional time was taken
for the measurements to be performed. During each
assigned pump flow rate, pulsatile flow was delivered for 5
minutes, followed by 5 minutes of nonpulsatile flow (or
vice versa) in a prospective randomized way. The HbVol
for each pump flow rate and pulsatility setting was calcu-
lated by taking an average of all the HbVol measurements
for 3 minutes after the pump flow change, before making
a CBF measurement. CBF was measured before the
pulsatility change, after 4 minutes of the assigned pump
flow rate. Each CBF measuremeit takes approximately 10
seconds. During each CBF measurement, nasopharyngeal
temperature, pump flow, mean arterial pressure, arterial
carbon dioxide tension (Paco,), and hematocrit values
were measured. A scliematic representation of the proto-
col is shown in Fig. 1. Thus one patient might have half,
quarter, and full flow with nonpulsatile followed by pul-
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Table 1. Diagnostic and procedural data
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Patient Age (yr) Diagnosis Operation
1 0.98 TOF Repair
2 0.75 TOF Repair
3 0.75 TOF Repair
4 0.75 Double-inlet LV, TGA after Bidirectional Glenn shunt
arterial switch, CoA, hypo-
plastic aortic arch, subpul-
monary obstruction
5 0.06 TGA Repair
6 0.75 Multiple VSD Repair and debanding
7 0.1 AVSD, Down’s syndrome Repair
8 0.2 AVSD, Dowr’s syndrome Repair
9 0.25 TGA, VSD Repair
10 0.01 TGA Repair
11 3.08 TA TCPC
12 0.25 Anomalous left coronary Repair
artery
13 0.12 Double-inlet LV, TGA, VSD Palliative arterial switch
14 0.83 CoA, VSD, supramitral Atrial septectomy, debanding,
valve, LA ring disconnect MPA, central
shunt
15 0.3 DORV Central shunt
16 111 Double-inlet LV with trans- Completion of TCPC
posed great arteries and
VSD; previous bidirec-
tional Glenn shunt
17 0.83 TOF Repair
18 2.08 TR Tricuspid valve repair
19 2.08 TR Tricuspid valve replacement
20 8.33 DIRV, DORV TCPC
21 0.42 TOF Repair
22 0.17 TGA Repair
23 0.66 VSD Repair, debanding
24 3.66 Restrictive cardiomyopathy Heart transplant
25 0.75 TOF Repair
26 14.58 Down’s syndrome, previous RV-PA homograft
TOF repair
27 8.5 PAtr, VSD, MAPCAs Replacement RV-PA
homograft
28 15.5 AR Ross procedure
29 20 PAtr, VSD, MAPCAs Complex unifocalization
30 0.42 AVSD Repair
31 0.08 TGA Arterial switch
32 0.01 TGA Arterial switch
33 0.08 TGA Arterial switch
34 0.85 TOF Repair
35 0.52 PAtr, absent MPA, hypo- TCPC and closure of coro-
plastic RV nary fistulas
36 0.02 TGA Arterial switch
37 0.02 TGA Arterial switch
38 0.03 VSD, PFO Repair
39 1.33 TOF Repair
40 0.58 RVOTO, VSD Repair

AR, Aortic regurgitation; AVSD, atrioventricular septal defect; Cod, coarctation of the aorta; DIRV, double-inlet right ventricle; DORV, double-outlet right
ventricle; LA, left atrial; LV, left ventricle; MAPCAs, multiple aortopulmonary collateral arteries; MP4, main pulmonary artery; PA, pulmonary artery; PAtr,
pulmonary atresia; PFO, patent foramen of ovale; RV, right ventricle; RVOTO, right ventricular outflow tract obstruction; T4, truncus arteriosus; TCPC, total
cavopulmonary connection; TGA, transposition of the great arteries; TOF, tetralogy of Fallot; TR, tricuspid regurgitation; VSD, ventricular septal defect.
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Fig. 1. Schematic representation of one of the protocols used. The sequence of flow rates and pulsatile
and nonpulsatile flow were each prospectively randomly assigned during stable hypothermic bypass. The
pump flow rates were full flow (2.4 L - m* - min™), half flow (1.2 L. - m* - min™"), and quarter flow (0.6 L.
- m? - min!). CBF was measured before the pulsatility of pump flow was changed, and the change in
hemoglobin concentration was measured continuously. Bold vertical lines represent the beginning and end
of the operation. Vertical dotted lines represent the hypothermic period. P, Pulsatile flow; NP, nonpulsatile

flow.

satile flow and the next patient might have full, quarter,
and half flow with pulsatile followed by nonpulsatile flow.

A range-gated pulsed-wave Doppler probe, with a
frequency of 2 MHz, was used in one patient. The
transducer probe was placed over the zygoma area, ante-
rior to the tragus, to display middle cerebral artery flow
during pulsatile and nonpulsatile CPB flow and when the
heart was beating, and the waveform was examined.

Statistical analysis. Multiple linear regression models
were used to determine the extent to which HbVol and
CBF were related to pulsatility and pump flow rate. CBF
was logged before modeling. A series of dummy variables
were used to model patient-specific variability in the
outcomes, thus accounting for differences resulting from
age, cyanosis, and other patient-specific factors. Mean
arterial pressure, Paco,, arterial oxygen tension (Pao,),
hematocrit value, and temperature were then entered into
the model to adjust for the potentially confounding effect
of within-individual associations between these variables
and the outcomes. The relationships between CBF and
HbVol with pulsatility and pump flow are represented
after adjusting for all of the potential confounders. Com-
putations were made with the use of the SPSS statistical
package (SPSS, Inc,, Chicago, IIL.).

Results

Clinical outcome, Patients 1, 8, 14, 20, and 29
died, patient 1 of pneumonia, patient 8 of low
cardiac output, patient 14 of systemic ventricular
failure, patient 20 of cardiac failure, and patient 29
of pulmonary hemorrhage. Patients 2 and 6 required
permanent pacemakers for complete heart block.
Patient 13 had a left pneumothorax, patient 21 had
partial dehiscence of a ventricular septal defect
patch dehiscence (which necessitated another oper-
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Fig. 2. Reproduction of transcranial Doppler display in
one infant. Right middle cerebral artery. i, During full
continuous CPB flow. ii, During full pulsatile CPB flow.
iii, With a beating heart before being weaned from CPB.

ation), patient 25 had mediastinitis, and patient 35
had a chylothorax on the left side and required a
permanent pacemaker for sinus bradycardia. The
other patients made uneventful recoveries. No neu-
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Fig. 3. Blood (A) and brain (O) concentrations of indocyanine green dye (ICG) after injection of dye into
the CPB circuit. The use of these data for calculating CBF is described in the text.
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Fig. 4. Graph of CBF measurements made at pulsatile and nonpulsatile flows at quarter, half, and full
pump flow rates. CBF did not vary according to pulsatility at these pump flow rates.

rologic problems developed in the postoperative
period.

Doppler measurements. In the one patient stud-
ied by Doppler ultrasonography, while nonpulsatile
pump flow did not produce a pulsatile waveform,
pulsatile pump flow did, but this was of lower
amplitude than that produced by a beating heart
(Fig. 2).

CBF and CBV measurements. An example of the
change of indocyanine green dye concentrations in
arterial and cerebral blood during a measurement of
CBF is shown in Fig. 3. A total of 230 measurements
were made during stable hypothermia in the 40
patients. Fig. 4 is a graph of CBF measurements at
pulsatile and nonpulsatile flow at quarter, half, and
full pump flow rates. CBF did not tend to vary



The Journal of Thoracic and

Cardiovascular Surgery Chowetal 573
Volume 114, Number 4
80 +
70 +
80 -+
e 07
E
Toy 40 +
o
S
€ 30+
LL
m
O 20 + /
10 4 Wt -
'//ﬁ-f'__:_/;_______i____._—-————'
———
0 = : : 1
Y 0.25 0.5 0.75 1
Fraction of full pump flow rate
Fig. 5. Graph showing for each patient the best regression lines describing the relationship between CBF
and pump flow rate using both measurements at pulsatile and nonpulsatile pump flow.
Table II. The relation between CBF, HbVol, and independent variables
Independent variable ~ Percent change in CBF 95% CL (%) p Value Change in HbVol 95% CL p Value
Mean arterial pressure 2.2% per mm Hg +1.7, +2.5 <0.00005 0.06 wmol - L™ per +0.04, + 0.08  <0.00005
mm Hg
Hematocrit value —1.4% per % change ~2.6, +0.06 0.04 —0.02 wmol + L™ per ~0.08, +0.04 0.50
% change
Paco, 1.8% per mm Hg +0.6, +3.1 0.003 0.06 umol + L™" per +0.004, +0.11 0.03
mm Hg
Temperature 1.7% per °C -24, +5.9 0.42 0.01 umol - L™* per —0.18, +0.18 0.98
°C
Pao, 0.07% per mm Hg -0.03, +0.16  0.20 0.001 pmot - L™ ! per  —0.003, +0.005  0.61
mm Hg
Pump flow 36% per L-m™2+ min™* +21.6, +53.5 <0.00005 0.8 ymol - L7} +0.41, +1.20 0.0001
change in pump flow rate perL-m™2« min™!
change in pump
flow rate
Pulsatile pump flow/ 4.5% increase from pulsatile —7.1, +17.6 0.46 0.07 pmol - L7 in- —0.47, +0.61 0.80

continuous pump
flow

flow to nonpulsatile flow

crease from pulsa-
tile flow to nonpul-
satile flow

CL, Confidence limits.

according to pulsatility at these pump flow rates.
Pulsatile/continuous pump flow relates to the use of
the pulsatile setting on the Stockert pump. Fig. 5
shows the best-fit regression lines for all the CBF

measurements at different flow rates for each pa-
tient. Table II contains the results of the multiple
linear regression of CBF on the predictor variables.
HbVol and CBF differed significantly between pa-
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Fig. 6. Changes in HbVol and mean arterial pressure (MAP) when pump flow rate was changed from (a)
pulsatile half pump flow rate to (b) nonpulsatile quarter pump flow rate and to (c} pulsatile quarter pump
flow rate for one patient. HbVol falls with mean arterial pressure from a to b as the two are associated, and
mean arterial pressure falls with pump flow rate as the two covary.

tients. The average HbVol ranged from -14.39 to
495 ml- 100 gm~' - min~! and the average CBF
from 1.04 to 57.39 umol - L', Temperature, mean
arterial pressure, Paco,, and Pao, varied between
individuals, regardless of pulsatility and pump flow
status. Table I shows the relationship between
these variables and HbVol and CBF after account-
ing for individual variation. Associations between
pulsatility, pump flow rate, and the outcomes after
adjustment for individual variability, temperature,
mean arterial pressure, hematocrit value, Paco,, and
Pao, are also given in the table. Mean arterial
pressure and Paco, were significantly associated
with CBF. Mean arterial pressure tended to be
higher at higher pump flow rates (p < 0.001). CBF
decreased 36% per L - m™2 - min~’ decrease in pump
flow rate (95% confidence intervals [CI] 21.6, 53.5),
after taking into account all the potential confound-
ers (i.e., differences between individuals and the
effects of changes in mean arterial pressure, hemat-
ocrit value, Paco,, Pao,, and temperature within
individuals). Hematocrit value was significantly as-
sociated with CBF (p = 0.04, 95% CI -2.6, -0.06).

Pulsatility was not significantly associated with CBF,
nor was there a significant interaction between
pump flow rate and pulsatility (p = 0.3).

The average standard deviation for measure-
ments of change in HbVol in the study group during
the 5-minute period before the change of pump flow
rate and pulsatility was 0.75 mmol - L™, Fig. 6 shows
the change in HbVol and mean arterial pressure
when the pump flow rate was changed from pulsatile
half flow to nonpulsatile quarter flow to pulsatile
quarter flow for one patient. Fig. 7 shows the
relative change in HbVol from pulsatile to nonpul-
satile flow at quarter, half, and full pump flow rates.
Table 1T shows the relation between HbVol and the
independent variables. Mean arterial pressure and
pump flow rate are significantly associated with
HbVol. After similar adjustment, HbVol decreased
by 0.8 wmol - L' per L- m™ - min™! change in pump
flow rate (95% C1 0.41, 1.20). Pulsatility, Paco,, and
hematocrit value did not add further to the model.

The association between pump flow, pulsatility,
and the outcomes was similar for both cyanotic and
acyanotic patients and was unchanged when the
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Fig. 7. Graph showing the change in HbVol from pulsatile flow to nonpulsatile flow at a quarter, half, and
full pump flow rate in each patient. HbVol did not vary according to pulsatility at these pump flow rates.

nine children over the age of 2 years were excluded
from the analysis.

Discussion

This study yielded two major findings. First, CBF
fell with decreasing pump flow rate, Paco,, and
mean arterial pressure. Mean arterial pressure co-
varied with pump flow rate, suggesting that autoreg-
ulation was abolished. Second, pulsatile flow did not
influence CBF or HbVol at any pump flow. The
methodologic issues will be addressed before discus-
sion of the findings.

The CBF technique uses NIRS and a modification
of the Fick principle.® The initial description in-
volved the use of oxygen as a tracer and has been
validated in neonates.'® For applications, such as
CPB, in which it may be difficult to change oxygen
tension or in which the signal-to-noise ratio for
measurement of the input function must be im-
proved, a more recent modification for which indo-
cyanine green is used as the tracer'! is preferred.
Recent data from our laboratory indicate that CBF
measurements obtained with this technique are
highly correlated with those obtained with the use of
microspheres in a piglet model. Although no valida-
tion studies have been conducted yet in human
beings, the technique appears to be able to measure
change in CBF.'” NIRS is a sensitive technique for
observation of changes in HbVol and can detect
changes of 0.5 mmol or less. It is uniquely suited for
investigating the relatively small changes in CBV
expected with capillary recruitment. CBV changes
can be inferred from the change in HbVol, assuming
the hematocrit value is constant during periods of
measurement.”® The mean change in hematocrit
value between pulsatile and nonpulsatile pump flow

in this study was 0.26%, standard deviation 1.74%,
which satisfies this constraint.

Anesthesia was chosen so that there would be no
confounding effect on CBF. The variations in pre-
medication are unlikely to have affected CBF mea-
surements. Ketamine and halothane were used only
on induction, at least 40 minutes before measure-
ments of CBF.

Pump flow rate. Low pump flow can reduce
noncoronary collateral circulation and thus improve
myocardial preservation.* At times, adequate sur-
gical exposure may require very low pump flow rates
to reduce venous return to the open heart, particu-
larly in children with congenital heart disease in
whom the repairs may be complex. The important
question is whether a safe minimum pump flow
exists, below which brain damage is likely to occur.

There is evidence for an ischemic threshold from
animal experiments conducted during CPB, at least
at very low pump flow of 5 ml - kg™ - min™.'?
Although in clinical practice pump flow rates are not
as low as these, CBF might fall below that required
for the metabolic demand of the tissue. The relation
between CBF and pump flow rate remains contro-
versial, despite a number of investigations in human
beings, with various forms of acid-base manage-
ment.'**® Those who have claimed that changing
pump flow has no effect have studied adults and
have reduced pump flow to o lower than half of the
calculated full requirement. Pediatric studies are
clearly justified, particularly because pump flows
tend to be lower. Our data confirm the findings of
Kern and associates' in children, that a significant
relation exists between CBF and pump flow rate
when alpha-stat pH management is used, with co-
variance between pump flow rate and mean arterial
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pressure. Any beneficial effect at low pump flow of
increasing blood pressure pharmacologically, chang-
ing pH strategy, or otherwise modifying CPB could
be addressed by means of the NIRS technique.

Pulsatile flow. In the animal literature, the con-
troversy focuses on whether pulsatile flow yields any
benefits in terms of cerebral hemodynamics.® * 2 It
has been suggested that the critical opening pressure
of the capillary bed is lower with pulsatile than with
nonpulsatile flow,! which might be important in
maintaining adequate tissue perfusion at the low
pump flows used during CPB. This might explain the
higher CBF during pulsatile pump flow at cerebral
perfusion pressures below 50 mm Hg in dogs.?* This
higher CBF has not, however, been reproduced in
rabbits.* Species differences do exist, which means
that these questions should be addressed in human
beings.

Our data show no difference in CBF between
pulsatile and nonpulsatile flow, which is consistent
with the findings of the only previous human studies
and with the studies of Hindman and colleagues,”
who argued that their lapine model might reflect the
human situation more closely than the canine stud-
ies. The change in HbVol was similarly not signifi-
cantly different for pulsatile and nonpulsatile pump
flow at the three measured flow rates. There may be
a difference between children and adults. Young
patients have more compliant vessels and a lower
vascular resistance; thus pulsatile flow, which de-
creases mean arterial pressure,” may hold no ad-
vantage.”* However, preliminary studies from our
group suggest that pulsatile flow does not increase
CBF in adults either.”®

It has been argued that a CPB machine switched
to “pulsatile flow” may not produce a truly pulsatile
waveform and will almost certainly behave differ-
ently from the living heart. In this study we used the
Stéckert pump, because it is the one most frequently
used in adult and pediatric CPB and is considered to
be capable of delivering pulsatile flow, although it
generates only 12.4% of pulsatile power of a living
heart.”® In addition, the membrane oxygenators now
used have compliant membrane components and
tend to absorb much of the energy generated by the
pulsatile pump. The aim of this study was to observe
the effect of a pump marketed to deliver pulsatile
flow during CBF and CBV and not to compare the
waveforms obtained by different flow levels between
patients. The precise waveform may be of little
importance,* but Doppler recording confirmed a
pulsatile waveform in the middle cerebral artery. It
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is possible that the arbitrary time of 5 minutes
before the pulsatility of pump flow was changed,
chosen to ensure that each of the six randomized
conditions could be achieved during the relatively
short CPB period, did not allow for any significant
effects to become apparent. Further studies using
alternative pumps or longer time periods, but using
the same methods, could be planned.

In summary, we have investigated the relation of
CBF to several important potential predictors.
Mean arterial pressure covaries with changes in
pump flow rate and is associated with CBF. Pump
flow rate is significantly associated with CBF after
taking into account any changes that could be
attributed to differences in mean arterial pressure.
CBF is also associated with Paco, but not pulsatility
delivered by the Stdckert pump. HbVol is related to
mean arterial pressure and pump flow rate but not
to pulsatility. These data do not support a change to
use of pulsatile pump flow with a Stéckert pump in
children.
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