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Abstract

We evaluated the relation between hematocrit
values and femoral-to-radial artery pressure differ-
ences in patients undergoing coronary artery
bypass graft surgery to confirm whether the reduc-
tion in hand vascular resistance is caused by hemo-
dilution. Anesthesia management and monitoring
followed the standard method for cardiac surgery.
Radial and femoral artery pressures through cathe-
ters were measured using disposable transducers
and a monitoring system. Hematocrit and blood vis-
cosity from the femoral artery were measured be-
fore and after CPB, and radial and femoral artery
pressures were recorded simultaneously. Spearman
rank regression analysis was performed between
changes of hematocrit from the baseline values (A
Ht) and systolic, mean and diastolic values of
femoral-to-radial artery pressure differences (AP).
AHt and AP of systolic arterial pressure showed a
good correlation with a correlation coefficient (r) of
0.716. Although there was a correlation between A
Ht and A P of mean arterial pressure (r=0.617), no
correlation was obtained between A Ht and A P of
diastolic arterial pressure. There was correlation
between blood viscosity and either A P of systolic

or mean arterial pressures (r=—0.810 and —0.713,
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respectively). These results indicate that hemodilu-

tion has an important role responsible for the

femoral-to-radial artery pressure gradient after

CPB.
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Introduction

Numerous investigators have reported discrepan-
cies between radial and aortic blood pressure dur-
ing rewarming and after cardiopulmonary bypass
(CPB) (1-5). Although the radial artery is the most
common site for intraarterial blood pressure moni-
toring, it may not reflect aortic pressure during and
after CPB. Pauca et al. reported that following CPB,
the lower radial SAP and MAP than aortic SAP and
MAP seem to be related to a decrease in hand
vascular resistance, because restoring that resist-
ance by wrist compression increased the peripheral
pressures (4) . Peripheral vasoconstriction, low
blood volume, and proximal shunting have also
been suggested as a possible mechanism (2). Urzua
proposed that purely passive hydraulic factors
secondary to hemodilution would explain the de-
crease in peripheral resistance and the increase in
proximal arterial resistance underlying the aortic-
to-radial artery pressure drop (6). The aim of this
study is to assess the role of hemodilution during

CPB in radial arterial hypotension following CPB.
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Methods

The study protocol was approved by the institu-
tional human investigation committee, and informed
consent was obtained from 20 patients. All patients
received morphine 7 to 10 mg and scopolamine 0.4
mg as a premedication. Anesthesia was induced and
maintained with fentanyl 88 — 120 #g/kg in oxygen
and air (FIO2 of 0.4) . Vecuronium was used for
muscle relaxation. Throughout anesthesia, trinitro-
glycerin 0.2 #2g/kg/min or prostaglandine E1 0.02 p
g/kg/min was used as vasodilators. Dopamine
and/or dobutamine 3 — 5 #g/kg/min was used as
needed after CPB.

Patients monitoring included pulmonary artery,
central venous, radial and femoral artery press-
ures, electrocardiogram (lead II and Vs) , tempera-
tures (forehead, palm, esophageal and bladder) ,
SPO2 and ETCO2. Radial cannulation was per-
formed using a 3.2 cm 20 gauge teflon cannula in the
either right or left hand under local anesthesia be-
fore induction of anesthesia. A disposable transduc-
er (Transpac, Abott Critical Care Systems, U.S. A.)
which has the mean natural frequency of 36.8 Hz,
and a damping coefficient of 0.13, and a monitor
(M1166 A, Hewlett Packard, U. S. A.) were used for
measurement of radial artery pressure. After in-
duction of anesthesia a 7.5 cm 19 gauge teflon can-
nula was inserted into the femoral artery, and con-
nected to the same type of pressure transducer and
the monitor for measurement of femoral artery
pressure. Hematocrit and blood viscosity (OP-Reo-
meter, Iwamoto Seisaku, Kyoto) , and simultaneous
femoral and radial blood pressures were measured
before and 10, 30, 60 and 90 or 120 min after CPB.
Palm (peripheral) and forehead (core) temperatures
were compared to evaluate peripheral circulation.

Spearman rank regression analyses were per-
formed between changes in hematocrit from the
baseline (A Ht) and femoral-to-radial artery press-
ure differences (A P) for SAP, MAP and DAP. Re-
gression analysis was also performed between
blood viscosity values and A P changes in five pa-

tients. A p-value less than 0.05 considered signifi-

cant.
Results

The 20 patients were ASA physical status 3 or 4
aged 61 + 6 yr, weighing 61 £ 5 kg, with 2 to 4
coronary vessel disease undergoing coronary
artery bypass surgery. The mean CPB time was 169
£ 45min. All patients were included in the evalua-
tion of pressure gradients before and after CPB.

Representative recordings of radial, femoral arte-
rial pressures along with ECG and pulmonary
artery pressure from one patient are shown in Fi-
gure 1. Although radial SAP was slightly higher
than femoral SAP before CPB, femoral SAP was
higher than radial SAP after CPB. When hematocrit
values returned near to the baseline value, radial
SAP became close to femoral SAP.

Regression analyses between A Ht and AP in 78
paired data for SAP and MAP are show in figure 2.
Although there were significant correlations for
SAP (Spearman rank correlation coefficient (r) of
0.716; P < 0.01) and for MAP (r =0.617; P < 0.01)
sthere was no significant correlation for DAP.
There were also significant correlations between
blood viscosity and SAP (r=—0.810, P<0.01), and
MAP (r = —0.713) as show in figure 3. There was
only a small difference between forehead and palm
temperatures after CPB even when radial artery

pressure was low as shown in figure 4.
Discussion

It is well documented that there can be a clinical-
ly significant difference between aortic and radial
artery pressure after CPB. Most investigators have
reported that this gradient develops during re-
warming from CPB. We demonstrated that there
were significant differences between radial and
femoral artery pressure for SAP and MAP after
CPB. SAP and MAP gradients were as great as 50
and 15mmHg after CPB. These differences may be
clinically significant and may affect decisions for
patients management. Gravlee et al. recommended
that aortic or femoral artery pressure should be

checked before administering vasopressors or in-
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Figure 1. Representative tracings of radial and femoral artery pressures together with
electrocardiogram and pulmonary artery pressure before and after cardiopulmonary

bypass.
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Figure 2. Relashionship between changes of hematoc-
rit (A Ht) and femoral-to-radial artery pressure
differences (A P) for systolic and mean arterial
ppressures. There were positive correlations
between Ht and femoral-to-radial pressure gra-
dients for systolic and mean pressures.
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otropes to treat hypotension observed in the radial
artery, because radial artery pressure underesti-
mated aortic SAP and MAP by 10min after CPB
(8,9) . In our institute cardiac surgeons routinely
insert a cannula into the femoral artery on our re-
quest, and this is used for pressure measurement
and as a route for an intra-aortic balloon pump if

needed.

It is still controversial on the etiology of the
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aortic-to-radial or femoral-to-radial pressure gra-
dient following CPB. Stern et al. found only a weak
correlation between the gradient and a decrease in
forearm vascular resistance (1). Pauca and Mere-
dith reported that a decrease in vascular resistance
distal to the monitoring site was the cause of lower
brachial artery pressure after CPB, because the
arteriovenous communication had a role of lower

brachial artery pressure (3). Pauca et al. showed
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Figure 3. Relashionship between viscosity changes and femoral-to-radial artery pressure
differences for systolic and mean arterial pressures. There were negative correla-

tions between blood viscosity and femoral-to-radial pressure gradients for systolic

and mean pressures.
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Figure 4. Temperature changes before, during and after cardiopulmonary bypass. Points

of measurements are also shown.
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that the radial-to-aortic arterial pressure gradient
following CPB was restored by wrist compression,
and they concluded that a decrease in hand vascu-
lar resistance seemed to explain the mechanism of
the gradient (4).

We should answer why hand vascular resistance
was deceased after CPB. Gordon et al. reported that
there was a good correlation between the extent of
pressure reduction in the radial artery and the de-
crease in blood viscosity by hemodilution, though
they measured arterial pressure only at the radial
artery (7). Urzua stated that passive hydraulic fac-
tors secondary to hemodilution would explain the
decrease in peripheral vascular resistance (6) .
Hemodilution during CPB to a hematocrit around
20% reduces blood viscosity, and such viscosity re-
duction should decrease arteriolar resistance to
approximately one half of normal, according to the
Poiseuille equation. Due to the peculiar characteris-
tics of blood, such reduction could be more marked
at the microcirculation level. Total arterial resist-
ance to follow results from the sum of a proximal
resistance related to the size of the tube, and a
peripheral resistance determined by arterioles,
capillaries, and blood viscosity. Peripheral resist-
ance and distal pressure decrease markedly in the
presence of hemodilution. Further, because the
arterial diameter is consequently reduced, proximal
resistance increases, and a pressure gradient ori-
ginates between the aortic and the distal pressures
under hemodilution.

We clearly demonstrated that there were good
correlations between the reduction of hematocrit
and femoral-to-radial pressure differences for SAP
and MAP. Further, there were negative correlations
between blood viscosity and the femoral-to-radial
pressure difference for SAP and MAP. Our results
proved Urzua's hypothesis in clinical settings. De-
creases in hand and forearm vascular resistance
due to hemodilution may cause low radial artery
pressure and lead to the femoral-to-radial pressure
gradient after CPB.

Gordon et al. also reported that there was no

apparent correlation between the extent of radial

arterial hypotension and the presence or absence of
postoperative cerebral or cardiac complications (7).
Our results were in accordance with their conclu-
sions. One reason why little or no postoperative
cerebral or cardiac dysfunction occurred instead of
prolonged radial arterial hypotension is that pro-
ximal arterial pressure in the aorta or femoral
artery is much higher than radial artery pressure
under hemodilution. Even if the peripheral press-
ure is low, it is conceivable that tissue perfusion is
preserved during hemodilution, and evidently cere-
bral and coronary perfusions are well maintained
during hemodiltion.

It has been suggested that the difference between
femoral and radial pressures would invalidate all
previous studies describing hemodynamics im-
mediately after CPB, because these studies relied
on radial artery pressure rather than femoral or
aortic pressure (5,8) . The proximal arterial press-
ure should be extrapolated for calculation of after-
load or ventricular work. Some investigators de-
monstrated that the pressure gradient may be par-
tially eliminated by monitoring arterial pressure
more centrally in the femoral or brachial artery
(5,8,9).

Mohr et al. attributed the pressure gradient dur-
ing CPB, in part, to peripheral vasoconstriction (2).
In our study, however, palm temperature was well
maintained which showed vasodilation after CPB. A
decrease in artery size or vasospasm associated
with cooling, nonpulsatile flow, and catecholamine
release after initiation of CPB may greatly increase
hand vascular resistance and thus lead to the press-
ure gradient.

Recently, Rich et al. reported that the aortic-to-
radial artery pressure difference is associated with
events occurring during initiation of cardiopulmon-
ary bypass rather than with rewarming or discon-
tinuation of CPB (10). They stated that the exact
mechanisms responsible for the pressure gradient
remain unknown, and that it is unclear if hemodilu-
tion associated with the onset of CPB contributes to
the pressure gradient. Our results could suggest
that hemodilution, in part, after the initiation of
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CPB may contribute to the pressure gradient.

In conclusion, we demonstrated that the femoral-
to-radial artery pressure gradient after CPB corre-
lates well with hemodilution. Accordingly, hemo-
dilution has an important role for the femoral-to-ra-
dial artery pressure gradient after CPB.

References

1) Stern DH, Gerson JI, Allen FB, et al : Can we trust the
direct radial artery pressure immediately following car-
diopulmonary bypass? Anesthesiology 62 : 557-561,
1985

2) Mohr R, Lavee J, Goor DA : Inaccuracy of radial artery
pressure measurement after cardiac operations. ] Thor-
ac Cardiovasc Surg 94 : 286-290, 1987

3) Pauca AL, Meredith JW : Possibility of A—V shunting
upon cardiopulmonary bypass discontinuation. Anesthe-
siology 67:91-94, 1987

4) Pauca AL, Hudspeth AS, Wallenhaupt SL, et al : Radial
artery-to-aorta pressure difference after discontinuation
of cardiopulmonary bypass. Anesthesiology 70 : 935-
941, 1989

5)

6)

7)

8)

9)

10)

Bazaral MG, Welch M, Golding LAR, et al : Comparison
of brachial and radial arterial pressure monitoring in
patients undergoing coronary artery bypass surgery.
Anesthesiology 73 :38-45, 1990

Urzua J : Aortic-to-radial arterial pressure gradient af-
ter bypass (correspondence). Anesthesiology 73: 191,
1990

Gordon RJ, Ravin MB, Daicoff GR, et al : Effects of hemo-
dilution on hypotension during cardiopulmonary
bypass. Anesth Analg 54 : 482-488, 1975

Gravlee GP, Wong AB, Adkins TG, et al : A comparison
of radial, branchial and aortic pressures after cardiopul-
monary bypass. ] Cardiothorac Anesth 3 : 20-26,
1989

Gravlee GP, Brauer SD, O'Rourke MF, et al : A com-
parison of brachial, femoral and aortic intra-arterial
pressures before and after cardiopulmonary bypass.
Anesth Intens Care 17:305-311, 1989

Rich GF, Lubanski RE, McLoughlin TM : Differences
between aortic and radial artery pressure associated
with cardiopulmonary bypass. Anesthesiology 77 :
63-66, 1992

(Circ Cont 16 : 223~228, 1995)

Presented by Medical*Online



	0223
	0224
	0225
	0226
	0227
	0228



