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Influence of Pbenylepbrine Bolus Administration on
Left Ventricular Filling Dynamics in Patients with
Coronary Artery Disease and Patients with Valvular

Aortic Stenosis

Axel W. Goertz, M.D.,* Karl H. Lindner, M.D.,T Wolfram Schtitz, M.D.,* Uwe Schirmer, M.D.,*

Michael Beyer, M.D., Michael Georgieff, M.D.§

Background: Left ventricular diastolic function is known to
be impaired in patients with coronary artery disease and pa-
tients with valvular aortic stenosis. Phenylephrine is fre-
quently administered as an intravenous bolus in these patients
perioperatively to increase coronary perfusion pressure. Al-
though this is common practice, there is no information about
the effect of phenylephrine bolus administration on left ven-
tricular filling dynamics.

Methods: Twenty patients with coronary artery disease
(group 1), 15 patients with valvular aortic stenosis (group 2),
and 10 subjects without cardiovascular disease (group 3, con-
trol) entered the study. Left ventricular filling was evaluated
using transesophageal pulsed Doppler echocardiography be-
fore and after phenylephrine injection given to patients whose
mean blood pressure has decreased by more than 20% (and
was not higher than 90 mmHg). We recorded the transmitral
blood flow velocity curve and measured peak early and peak
atrial flow velocity, acceleration and deceleration time of the
early flow velocity peak, and mitral valve diameter. We cal-
culated the ratio of peak early to peak atrial flow velocity (PE/
PA), acceleration and deceleration rate of the early flow peak,
and peak filling rate.

Results: Phenylephrine effectively restored arterial pressure
in all three groups. However, in group 1, phenylephrine ad-
ministration resulted in a reduction of PE/PA, acceleration
rate of the early flow peak, and peak filling rate from 1.25
(mean) to 0.75 (P < 0.001), 411 to 276 cm/s* (P < 0.001), and
439 to 305 ml/s (P < 0.001), respectively. In contrast, in group
2, intravenous phenylephrine increased PE/PA, acceleration
rate of the early flow peak, and peak filling rate from 0.76 to
0.97 (P < 0.001), 365 to 503 cm/s? (P < 0.05), and 321 to 388
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ml/s (P < 0.01), respectively. In the control subjects, phen-
ylephrine caused a transient reduction of PE/PA and peak fill-
ing rate from 1.71 to 1.39 (P < 0.001) and 618 to 524 ml+s™’
(P < 0.001), respectively.

Conclusions: Phenylephrine bolus administration causes an
alteration of left ventricular filling in coronary artery disease
patients that seems to be more marked than that seen in nor-
mal subjects. In patients with aortic stenosis no deleterious
effects were observed in response to phenylephrine. (Key
words: Anesthesia: cardiac. Heart: left ventricular diastolic
function. Monitoring: transesophageal Doppler echocardi-
ography. Surgery: coronary artery bypass graft. Sympathetic
nervous system: a-adrenergic agonists.)

PHENYLEPHRINE, an «,-adrenergic agonist, is fre-
quently administered as an intravenous bolus to in-
crease arterial pressure during various forms of anes-
thesia."? It is believed to be particularly useful in pa-
tients with coronary artery disease and in patients with
valvular aortic stenosis. In both groups of patients,
phenylephrine is preferred over other sympathomi-
metic agents because it increases coronary perfusion
pressure without chronotropic side effects.®* We have
recently shown that phenylephrine given as an intra-
venous bolus to patients with coronary artery disease
causes a transient increase of left ventricular wall stress
associated with an impairment of left ventricular global
systolic function, whereas phenylephrine appeared to
be well tolerated by the aortic stenosis patients.’

It is well known that coronary artery disease as well
as myocardial hypertrophy secondary to valvular aortic
stenosis may lead to left ventricular diastolic dysfunc-
tion.®'' Aim of the present investigation was to find
out whether phenylephrine bolus administration causes
an additional impairment of left ventricular filling and
if so, what the time course of this alteration is. Pulsed
Doppler echocardiography was used to assess left ven-
tricular filling by measuring the transmitral flow veloc-
ity profile.'*'* Our study population comprised pa-
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Table 1. Demographic Data in All Three Groups and Hemodynamic Characteristics Obtained during Preoperative Cardiac

Catheterization in Groups 1 and 2

M/F Weight Medication LVEDP Cl MPAP
Group (n/n) Age (yr) (kg) Height (cm) BSA (m?) (B/N/G/C) (mmHg) (I min~'.m=2) {mmHg) AP (mmHg)
1 (CAD) 9/5 61(50-72) 73(58-85) 169 (158-188) 1.83(1.61-2.21) 3/13/2/7 9(6-14) 3.3(2.2-4.4) 16 (12-21) —
2 (AS) 7/4 66 (53-82) 72(58-92) 169 (154-189) 1.84 (1.57-2.30) 0/3/5/1 14 (8-30) 2.9(2.0-4.4) 22 (12-35) 87 (50-140)
3 (Control) 8/1 46 (27-59) 77(66-86) 175(165-187) 1.88(1.75-2.11) 0/0/0/0 — — —_ —

Data are arithmetic mean (minimum, maximum) and absolute numbers (n), respectively.

BSA = body surface area; Medication = preoperative cardiovascular medication (given in number of Individuals); B = g-blockers; N = nitrates; G = glycosides; C
= calcium antagonists; LVEDP = left ventricular end-diastolic pressure; Cl = cardiac index; MPAP = mean pulmonary artery pressure; AP = peak pressure gradient

over the aortic valve.

tients with coronary artery disease and those with val-
vular aortic stenosis both with compensated left
ventricular function. Only those subjects who devel-
oped a defined degree of arterial hypotension during
general anesthesia were studied. There is evidence that
acute increases in left ventricular afterload may alter
the transmitral flow velocity profile in a way similar to
that seen in left ventricular diastolic dysfunction.'®'+-'¢
We therefore included a group of subjects without car-
diovascular disease as control group in our protocol.

Materials and Methods

Study Population

After approval by the ethics committee of our insti-
tution and written informed consent, 20 patients with
coronary artery disease scheduled for elective coronary
artery bypass grafting (group 1) and 15 patients with
valvular aortic stenosis scheduled for elective valve re-
placement (group 2) were enrolled in the study. The
10 subjects of the control group (group 3) were ASA
physical status 1 and 2 patients without any cardiovas-
cular disease and without contraindication to trans-
esophageal echocardiography scheduled for elective
abdominal or orthopedic surgery.

Exclusion criteria for group 1 were the absence of
sinus rhythm, unstable angina pectoris, recent myo-
cardial infarction (< 3 months), impaired global left
ventricular function (cardiac index < 2.1 1-min™'-m™
or left ventricular end-diastolic pressure > 15 mmHg),
and any contraindication to transesophageal echocar-
diography. Of the 20 patients of group 1, six were ex-
cluded during the course of the study. Five of the pa-
tients were normo- or hypertensive after induction of
anesthesia and, thus, did not meet the criterion for va-
sopressor administration. In one patient the Doppler
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sample volume could not be positioned in an acute
angle to the transmitral blood flow direction and as a
consequence an adequate Doppler flow velocity curve
could not be obtained.

Exclusion criteria for the group 2 patients were the
absence of sinus rhythm, the presence of any significant
valvular lesion other than valvular aortic stenosis, and
any contraindication against transesophageal echocar-
diography. Only those subjects whose left ventricular
function was compensated at the time of surgery (New
York Heart Association functional class 3 or better)
were included. Of the 15 group 2 subjects four were
excluded during the course of the study. Two patients
did not meet the criterion for vasopressor administra-
tion. In another two patients it was not possible to
clearly define the margins of the Doppler flow velocity
curve because of ‘‘noise’’ artifacts.

One of the 10 control patients was excluded because
of a poor quality of the transmitral flow velocity curve.
In all, 14 group 1, 11 group 2, and 9 group 3 patients
were evaluated. The demographic data in all three
groups, as well as the hemodynamic characteristics in
groups 1 and 2 obtained during preoperative cardiac
catheterization and the preoperative cardiac medica-
tion, are presented in table 1.

Protocol

All patients received 1-2 mg flunitrazepam orally the
night before surgery and 1-4 h before induction of
anesthesia. Any antihypertensive, antiarrhythmic, or
antianginal medication was maintained with the last
dose given in the morning before surgery. Anesthesia
was induced with 10 ug/kg flunitrazepam and 10 ug/
kg fentanyl. Muscle paralysis was obtained with 0.1
mg/kg pancuronium. The trachea was intubated and
ventilation controlled with intermittent positive pres-
sure ventilation and inspired N,O of 50% in oxygen.
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Additional doses of flunitrazepam (up to a total dose
of 2 mg) and fentanyl were given when the patients
reacted to laryngoscopy with an increase of heart rate
or mean arterial pressure.

All patients received a radial artery catheter. A triple-
lumen central venous catheter (Deltacath, Becton
Dickenson, Sandy, UT) as well as a 7-French pulmonary
artery catheter (Baxter Healthcare Corporation, Ed-
wards Critical Care Division, Irvine, CA) was inserted
into the right internal jugular vein in all group 1 and
2 patients. None of the group 3 patients received a
pulmonary artery catheter. A standard seven lead ECG
was monitored throughout the protocol. An Ultramark
9 ultrasound system with a 5 MHz transesophageal
transducer (Advanced Technology Laboratory, Inc.,
Bothell, WA) was used to perform the echocardio-
graphic studies.

During the induction period and before beginning
measurements, the patients received 10 ml/kg of lac-
tated Ringer’s solution. The protocol proceeded only
when the mean arterial pressure had dropped by at
least 20% below the awake baseline value and was not
higher than 90 mmHg. Phenylephrine 1 ug/kg was then
injected via central venous catheter and cubital vein
cannula (Group 3), respectively. Recording of hemo-
dynamic parameters started immediately before injec-
tion and was continued for 3 min after administration.

Hemodynamic Measurements and Calculations

After induction of general anesthesia, the transesoph-
ageal probe was advanced to a position behind the left
atrium where both mitral leaflets could be outlined.!”
The probe was then angled to visualize the left ven-
tricular cavity with a maximum long axis. The Doppler
beam was aligned parallel to presumed mitral inflow
and the sample volume was moved to a position be-
tween the mitral leaflet tips. The length of the sample
volume was 1.5-2 mm and the pulse repetition fre-
quency 5 KHz. Minor adjustments of the transducer
position were made to obtain optimal spectral display
(highest velocity with least spectral dispersion).

Starting immediately before injection of phenyleph-
rine we continuously measured the following param-
eters: arterial pressure, heart rate, central venous pres-
sure, pulmonary artery pressure (in groups 1 and 2)
and transmitral flow velocity profile. The Doppler sig-
nals along with ECG lead II registration were recorded
on VHS format videotape (Panasonic Videorecorder,
Matsushita Electric Industrial Co., Ltd., Osaka, Japan).
The other hemodynamic parameters were recorded by
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using a strip chart recorder (Siredoc 220, Siemens AG,
Erlangen, Germany) at a speed of 25 mm/s. Immedi-
ately before injection of phenylephrine (0) and 30,
60, 120, and 180 s after injection thermodilution car-
diac output (single cold saline injections) and pul-
monary capillary wedge pressure measurements were
obtained. At the same points in time the following pa-
rameters were calculated by using standard formula'®:
mean arterial pressure, mean pulmonary artery pres-
sure, cardiac index, systemic vascular resistance, pul-
monary vascular resistance and left ventricular stroke
volume index.

The transmitral flow velocity tracing was analyzed by
established methods.'*'*!'?-2* In subjects with sinus
thythm the transmitral flow velocity curve is charac-
terized by an initial peak E (maximal early diastolic
filling velocity due to rapid passive filling, a subsequent
deceleration toward baseline, a period of low velocity
diastasis, and a second acceleration—deceleration peak
A (maximal atrial filling velocity). We measured peak
early and peak atrial velocities. The acceleration and
deceleration times were determined as the time interval
from the onset of diastolic flow to the early flow peak
and the time interval from the early flow peak to the
end of the E wave, respectively. From the two-dimen-
sional echocardiogram we measured the diameter of
the mitral valve annulus. From these measurements we
calculated the ratio of the peak early to the peak atrial
velocities (PE/PA),? the acceleration rate of the early
velocity peak (= peak early velocity/acceleration
time),*! the deceleration rate of the early velocity peak
(= peak early velocity/deceleration time),*® and the
peak filling rate (= peak early velocity X mitral valvular
area).'” The cross-sectional area from the mitral annulus
was derived from the annular diameter, assuming a cir-
cular geometry such as w(d/2)2

The Doppler tracings were analyzed off-line with an
electronic evaluation device (Cardio 200, Kontron In-
struments GmbH., Germany) by two independent ob-
servers. Quantitative evaluation of the diastolic velocity
waveforms were performed 0, 30, 60, 120, and 180 s
after phenylephrine injection. For each of these points
the waveform with the highest early flow velocity peak
was chosen from five consecutive cardiac cycles. The
Doppler curves were traced along the outer margins
of the gray scale. Inter- and intraobserver reproduci-
bilities in our study were similar to those recently re-
ported for a large group of subjects with sinus rhythm.??
Interobserver variability in our study showed mean ab-
solute differences (percent precision) of peak early ve-
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locity, peak atrial velocity, PE/PA, acceleration of the
carly velocity peak, and deceleration of the early ve-
locity peak of 3.8%, 4.5%, 6.5%, 6.4% and 7.7%, re-
spectively. Intraobserver variabilities for reader 1
(AWG) and reader 2 (WS) were 3.9% and 5.0%, 4.3%
and 3.9%, 3.3% and 5.0%, 7.3% and 8.5%, 6.3% and
5.0% for peak early velocity, peak atrial velocity, PE/
PA, acceleration of the early velocity peak, and decel-
eration of the early velocity peak and the two readers,
respectively.

Statistical Analysis

Statistical evaluation of our data was performed using
a personal computer based program (StatView 1V, Aba-
cus Concepts Inc., Berkeley, CA). Comparisons over
time as well as between groups were performed using
the two-way analysis of variance for repeated measures.
When a significant difference was detected, pairs of
means were compared using a post hoc Scheffé test.
All hemodynamic data obtained in our protocol are
presented as arithmetic means (= standard deviation).
The demographic data, as well as the hemodynamic
characteristics of the two groups are given as arithmetic
means (minimum, maximum). A value of P < 0.05
indicated statistical significance.

Results

Hemodynamic data obtained during the course of our
measurements are presented in table 2 and in figure 1.
The patients in all three groups showed a similar blood
pressure response to phenylephrine with maximum
values reached 30-120 s after injection and with no
significant difference in the magnitude of blood pres-
sure increase. There was a slight but significant cardiac
slowing in all groups in response to phenylephrine in-
duced pressure increase. The time course of the change
of pulmonary artery pressure in the group 1 patients
appeared to be similar to that of the arterial pressure.
In contrast, in the aortic stenosis patients the increase
of mean pulmonary artery pressure was transient and
baseline values were reached 180 s after injection.
There was a slight but significant increase of pulmonary
capillary wedge pressure in both groups whereas cen-
tral venous pressure remained unchanged throughout
the observation period. Systemic vascular resistance
strongly increased in both groups, however the effect
appeared to be more sustained in the group 1 patients.
Similarly the effect of phenylephrine on pulmonary
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vascular resistance was marked in the coronary artery
patients whereas any changes in the group 2 subjects
remained insignificant. Cardiac index was not altered
in group 2 and was transiently reduced in the group 1
patients (P < 0.001). Stroke volume index remained
unchanged in either group.

There was an inverse influence of phenylephrine on
peak early and peak atrial flow velocity in the group 1
patients with a decrease of peak early and an increase
of peak atrial flow velocity that was significant 30, 6O,
and 120 s after injection. As a result, PE/PA was reduced
by 40% in the group 1 patients. This reduction was
still significant (P < 0.001) at the end of the obser-
vation period. The subjects with valvular aortic stenosis
obviously showed an impaired left ventricular diastolic
function at bascline with an inverse peak carly to peak
atrial flow velocity relationship. A significant increase
of peak carly flow velocity compared with baseline (P
< 0.01) was measured at 120 and 180 s after phenyl-
ephrine injection leading to an increase of PE/PA to
nearly 1 (P < 0.001). Acceleration rate and peak filling
rate showed changes similar to the change in PE/PA.
At all points of observation deceleration did not change
significantly. In the control patients phenylephrine ad-
ministration resulted in a significant decrease of peak
early flow that reached significance 30 and 60 s after
injection, whereas peak atrial flow remained un-
changed. As a consequence, there was a transient de-
crease of PE/PA at 30 and 60 s (P < 0.001). With a
significantly higher baseline value and a maximum de-
crease in PE/PA of less than 20% of baseline, the values
in the control group remained significantly above those
in groups 1 and 2 over the whole observation period
(P < 0.001). Similarly, peak flow rate was transiently
reduced by phenylephrine in the control patients (P
< 0.001) but was higher than that in groups 1 and 2
all the time. Any changes in acceleration rate or de-
celeration rate in the control subjects remained below
the level of significance.

Discussion

Intravenous bolus administration of phenylephrine
effectively restored arterial pressure in all three groups
of patients. In the patients with coronary artery disease,
however, this was associated with an alteration of left
ventricular filling as assessed by analyzing the trans-
mitral blood flow velocity waveform. The subjects with
valvular aortic stenosis showed an altered left ventric-
ular diastolic function at baseline. The administration
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of phenylephrine in this group apparently improved
left ventricular filling dynamics. Left ventricular filling
in the control patients at baseline was different from
that observed in group 1 or group 2 with higher values
for peak flow rate and PE/PA. In addition, there was
only a transient drop of PE/PA in response to phenyl-
ephrine that appeared to be less marked than that ob-
served in the group 1 patients.

In all groups phenylephrine administration caused
comparable increases of arterial pressure, and pul-
monary artery pressure and systemic vascular resistance
were similarly affected in groups 1 and 2. The cardiac
slowing that occurred in response to phenylephrine in
all groups can be assumed to be baroreflex mediated.
The drop of cardiac index and the increase of pulmo-
nary capillary wedge pressure that was observed in the
coronary artery patients in response to the sudden in-
crease of left ventricular afterload, are consistent with
earlier observations from Schwinn and Reves?® and from
our group.” Schwinn and Reves, studying the hemo-
dynamic effects of intravenous phenylephrine bolus
injection in patients with coronary artery disease by
esophageal Doppler cardiac output measurements, re-
ported changes in systemic vascular resistance and car-
diac output® similar to those found in the present
study. We have compared the cardiac effect of phen-
ylephrine between subjects with valvular aortic stenosis
and those with coronary artery disease by esophageal
echocardiography.® Consistent with the current results
we found a decrease of left ventricular area ejection
fraction in the coronary artery patients and no indica-
tion of an altered left ventricular performance in the
aortic stenosis patients.’

It is generally accepted that the shape of the trans-
mitral flow velocity curve provides an overall assess-
ment of the left ventricular filling.'*2%-28 However, it
is not only altered by myocardial diastolic dysfunction
that means by impairment of left ventricular (passive)
compliance or (active) relaxation.?” It also depends on
left ventricular loading conditions, heart rate, left ven-
tricular contractility and as most biologic parameters
it varies with age.'>*3%3! Assuming a constant left
ventricular contractility, our data on left ventricular
filling have therefore to be interpreted as the result of
(1) a change in heart rate, (2) altered left ventricular
loading conditions and possibly (3) a change in intrin-
sic myocardial diastolic properties.

Van Dam et al.*° investigated the influence of heart rate
and age on the transmitral flow velocity curve in 215
healthy subjects. They found an increase of PE/PA with
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lower heart rate. However, this relationship appeared to
be age-dependent in a way that it seemed to be relevant
in younger individuals whereas in the age group above
50, there was very little influence on the transmitral flow
pattern. Although the subjects in the control group were
somewhat younger than those in group 1 or 2 it appears
unlikely that the minor changes in heart rate that occurred
in response to phenylephrine had a major influence on
our diastolic function parameters.

There was a slight but significant increase of pul-
monary capillary wedge pressure after phenylephrine
injection in both groups, which is consistent with an
increased left ventricular end-diastolic area reported
in our earlier study, both findings indicating an en-
hancement of left ventricular preload. Stoddard et al.?*
studied the influence of alterations in preload on the
pattern of the transmitral flow velocity profile in a group
of healthy subjects, in patients with coronary artery
disease and a group of patients with critical aortic ste-
nosis. Under the condition of an increased preload they
found PE/PA unchanged in the normal subjects as well
as in the patients with coronary artery disease. In the
group of aortic stenosis patients the increase of left
ventricular preload, which was associated with an in-
crease in left ventricular filling pressure from 19 to 26
mmHg, resulted in a significant increase in PE/PA. Sim-
ilarly, Vanoverschelde et al.*? reported PE/PA to be
normal in a group of aortic stenosis patients with ele-
vated pulmonary capillary wedge pressure and a highly
abnormal left ventricular filling pattern in a group of
subjects with aortic stenosis and normal left pulmonary
artery wedge pressure. Appleton et al.*® investigated
the effect of acute increases of left ventricular preload
(ventriculography) on left ventricular filling dynamics
in patients with coronary artery disease, idiopathic
congestive cardiomyopathy, or restrictive myocardial
processes. They reported a normalization of an abnor-
mal transmitral flow pattern in response to ventricu-
lography and speculated that an increase of left atrial
pressure might have “‘masked’’ a left ventricular relax-
ation abnormalities. Appleton called this phenomenon
““pseudonormalization.””®* As a consequence, the in-
crease of left ventricular preload seen in our patients
in response to phenylephrine may have obscured more
pronounced alterations of the transmitral flow velocity
waveform in the subjects with coronary artery disease.
In the group of aortic stenosis patients the phenomenon
of ‘‘pseudonormalization’” may have contributed to the
increase in PE/PA that occurred 120 s after phenyl-
ephrine injection.
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Table 2. Hemodynamic Data

0 Min 30 Min 60 Min 120 Min 180 Min
HR (beats/min)
CAD 587 56 + 6* 53 £ 7% 53 + 6% 55+ 7%
AS 57 £10 56 + 11 54 +10* 54 + 9t 54 + 9*
Control 59 + 13 56 + 15* 56 + 13* 56 + 13* 58 £ 13
SAP (mmHg)
CAD 94 +13 120 £ 17¢% 131 + 17 127 £ 21% 119 + 18%
AS 97 =13 129 + 15¢ 131 + 20% 131 + 20% 120 + 20%
Control 98 + 10 118 = 14% 121 £ 15¢% 115 + 141 110 + 13
DAP (mmHg)
CAD 54 + 8 71 £ 10% 74 + 9% 70 = 10% 65 + 9%
AS 51+8 68 + 13f 66 £ 13f 65 + 13t 60 + 11*
Control 58 +9 69 + 9t 71 = 9% 66 = 8 63+ 9
MAP (mmHg)
CAD 67 =9 87 £ 12¢ 93 +12¢ 89 + 13% 83 + 11t
AS 67 £ 10 88 + 13t 88 + 14% 87 £ 15¢ 80 + 13t
Control 71+£8 86 + 10% 88 + 10% 82 + 9% 79+9
MPAP (mmHg)
CAD 13+2 15 + 3% 16 + 3% 16 + 2% 15 + 2%
AS 16 +3 18 + 3t 19 + 3¢t 18 + 3* 17 +£2
CVP (mmHg)
CAD 6+2 62 62 6+2 6+2
AS 7x2 7+3 7+3 7+2 7+3
PCWP (mmHg)
CAD 8+2 10 + 2t 1 2% 10 + 2t 9+2
AS 1M1x2 12+ 2 2* 12+2 12+ 2
PVR (dyne-s-cm™®
CAD 102 + 39 131 + 45 162 + 53% 141 + 49t 145 + 441
AS 124 + 59 161 + 89 168 + 64 153 + 61 148 + 54
SVR (dyne-s-cm™®
CAD 1,314 + 237 1,921 + 384t 2,221 + 460¢% 1,966 + 447% 1,830 = 375%
AS 1,653 + 283 2,080 + 4491 2,147 + 514% 2,044 + 6281 1,890 + 407
Cl (L-min~'.m?)
CAD 21+03 1.9+0.2 1.8 + 0.3 1.9+03 1.9+ 0.3
AS 1.8+04 1.8+04 1.7+ 04 1.8+ 04 1.7 0.2
SVI (ml-beat" . m?)
CAD 36+5 34+ 4 34+6 36 +5 3B+5
AS 31+6 32+£6 32+5 345 33+£5
PE (cm/s)
CAD 51 + 11 39 + 12¢ 36 + 124§ 40 = 1249 47 £ 131
AS 41 + 6Y 367 38+7 47 £ 11 50 + 10t
Control 54 +7 46 + 6% 47 + 8% 51+8 54 £7
PA (cm/s)
CAD 41 +9 46 + 10t 47 £ 11% 47 = 911 47 + 811
AS 55 + 13** 57 + 15 57 + 151 54 + 13** 52 + 12**
Control 326 347 34 +7 33=+7 32+7
ARg (cm/s?)
CAD 411 =118 316 *+ 144 276 = 135%§ 323 + 123§ 359 + 111
AS 365 + 122 322 £ 97 299 + 90 426 + 94 503 + 178*
Control 483 + N 424 + 68 414 + 56 442 + 95 460 + 73
DRe (cm/s?)
CAD 250 + 73§ 223 + 83§ 202 + 66§ 233 + 87§ 304 + 127
AS 229 + 601 220 £ 87§ 221 + 98 278 + 94 255 + 80
Control 341 + 68 324 + 52 302 + 52 347 + 52 357 + 66

(Table continues)
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Table 2. Hemodynamic Data (continued)

0 Min 30 Min 60 Min 120 Min 180 Min

PE/PA

CAD 1.25 + 0.11** 0.84 + 0.13¢** 0.75 + 0.154* 0.84 + 0.163** 1.01 + 0.233*

AS 0.76 + 0.14* 0.66 + 0.16* 0.70 + 0.17** 0.89 + 0.11* 0.97 + 0.09%**

Control 1.71 £ 0.31 1.39 + 0.25¢ 1.39 + 0.36¢ 1.60 + 0.38 1.73 + 0.41
PFR (mi/s)

CAD 439 + 86** 334 + 894+ 305 + 894 341 + 89+ 404 + 106**

AS 321 + 79** 284 + 76* 297 + 71** 369 + 79* 388 + 811~

Control 618 + 85 524 + 654 527 + 87 584 + 89 616 + 87

Data are arithmetic means + SD.

HR = heart rate; CAD = coronary artery disease; AS = valvular aortic stenosis; SAP
arterial pressure; MPAP = mean pulmonary artery pressure; CVP = central venous
vascular resistance; SVR = systemic vascular resistance; Cl = cardiac index; SVI

velocity; ARe = acceleration rate of early flow velocity; DR =
= peak filling rate.

* P < 0.05 versus baseline (0).
t P < 0.01 versus baseline (0).
¥ P < 0.001 versus baseline (0).
§ P < 0.05 versus control.

1P < 0.01 versus control.

** P < 0.001 versus control.

The predominant hemodynamic effect of phenyleph-
rine is peripheral vasoconstriction and thereby an in-
crease of left ventricular afterload. Several studies have
been performed on the influence on acute changes in
left ventricular afterload on left ventricular diastolic
function in animals,'"*5%¢ healthy humans,'s and car-
diac patients.'® Vandenberg et al.'* studied the effect
of a phenylephrine infusion on the transmitral flow ve-
locity pattern dogs of two age groups. Phenylephrine
did not alter the transmitral flow velocity pattern in
the younger group, whereas in the older animals there
was a decrease of the velocity—time integral of the carly
velocity peak. PE/PA, however, remained unchanged
in either group. Colan et al.'® examined the effect of
methoxamine infusion on peak rates of left ventricular
dimension change and wall thinning as well as their
timing in diastole in a group of patients without cardiac
disease. They observed a delay of both peak velocities
in response to methoxamine without any significant
change in their magnitude. In this study there is a sig-
nificant decrease PE/PA in response to phenylephrine
coronary artery disease patients as well as in subjects

| Van Wezel HB, Koolen JJ, Visser CA, Schuurhuis A: Ischemia in-
duced systolic and diastolic dysfunction in anesthetized patients un-
dergoing percutaneous transluminal coromry angioplasty (abstract).
J Cardiothorac Anesth 3(suppl 1):39, 1989,

Ancsthesiology, V 81, No 1, Jul 1994

= systolic arterial pressure; DAP = diastolic arterial pressure; MAP = mean
pressure; PCWP = pulmonary capillary wedge pressure; PVR = pulmonary
= stroke volume index; PE = peak early flow velocity; PA = peak atrial flow

deceleration rate of atrial flow velocity; PE/PA = ratio of peak early to peak atrial flow velocity; PFR

without cardiac discase. The former, however, started
off lower bascline levels and appeared to show a more
pronounced and longer lasting depression. Very similar
data were reported from Nishimura et al.,'S who ex-
amined the effect of a phenylephrine infusion on the
mitral inflow profile in ten patients with coronary artery
disease. In their study, however, arterial pressure was
clevated from normal to hypertensive values, whereas
we attempted to normalize a decreased arterial pres-
sure. It is known that patients with coronary artery dis-
case may show an altered left ventricular diastolic
function even in the absence of acute myocardial isch-
cmia.”® This may be the main reason for the different
mitral flow velocity pattern at baseline in groups 1 and
3. Furthermore, it has been well documented that acute
ischemia may alter left ventricular relaxation as well
as passive compliance.*”|| In principle, we cannot ex-
clude that myocardial ischemia, that could have oc-
curred in response to phenylephrine induced increase
of left ventricular wall stress, may have contributed to
the alteration of left ventricular filling in the group 1
patients. However, in view of the normal electrocar-
diogram and considering the duration and magnitude
of arterial pressure increase the presence of myocardial
ischemia appears unlikely. In patients with severe aor-
tic stenosis left ventricular afterload is mainly deter-
mined by the pressure gradient across the aortic valve
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Fig. 1. Mean arterial pressure (MAP) and peak early to peak
atrial flow velocity ratio (PE/PA) immediately before (0) and
30, 60, 120, and 180 s after intravenous phenylephrine ad-
ministration in groups 1 (CAD), 2 (AS) and 3 (control). §Sig-
nificant difference of CAD, P < 0.001 versus control. 1Signifi-
cant difference of AS, P < 0.001 versus control.

and to a lesser degree by the arterial pressure. The in-
fluence of phenylephrine induced changes in left ven-
tricular afterload may therefore be assumed to be of
minor importance in this group of patients.

We recognize some limitations in our methods. Our
findings are, in principle, limited to patients with nor-
mal left ventricular global function. We excluded from
our study patients with reduced left ventricular func-
tion, because we were reluctant to cause acute left
ventricular decompensation by administering phenyl-
ephrine. Although congestive heart failure is known to
be frequently associated with impairment of left ven-
tricular filling, little is known about the influence of

Ancsthesiology, V 81, No 1, Jul 1994

acute changes in left ventricular afterload in this group
of patients.'?*8

We used multiple Doppler echocardiographic indi-

ces, because there is no single parameter which suffi-
ciently describes left ventricular filling characteris-
tics.?”?** However the parameters used in this study
have been validated against standard techniques and
are well established.'*'*19-2! Despite a major research
interest in understanding diastolic function for the past
decade, diastole is still not completely understood.?’
In particular, the interrelation of diastolic and systolic
events awaits further clarification.?>** As a conse-
quence, it is very difficult to interpret our data on sys-
tolic left ventricular function in relation to our findings
on left ventricular filling. Pulsed Doppler measure-
ments themselves are not flawless.* Positioning of the
Doppler sample volume can alter the shape of the
transmitral flow velocity profile. In addition, there
usually is some variation of the various Doppler echo-
cardiographic parameters over one respiratory cycle,?”
which again may be due to changes of the sample vol-
ume in relation to the heart or secondary to changes
of the transmitral flow itself.

The individuals in the control group were consid-
erably younger than those in groups 1 and 2 (mean age
46 vs. 61 and 66 yr, respectively). Although it is rec-
ognized that most of the echocardiographic parameters
of left wventricular diastolic function are age
dependent' 33! there is some indication that this fol-
lows an exponential relationship with minor age de-
pendence in the higher-age groups.>® Bahl et al.*® in-
vestigated the influence of age on a number of com-
monly used Doppler echocardiographic parameters.
They found no significant difference for any of the pa-
rameters between a ‘“‘middle-age” (41-50 yr) and a
“higher-age” (61-75 yr) group.*®

In conclusion, this study elucidates the effects of
phenylephrine bolus administration on left ventricular
filling dynamics in patients with coronary artery dis-
ease, with valvular aortic stenosis and without cardiac
disease. Phenylephrine given as an intravenous bolus
to patients with coronary artery disease caused an al-
teration of left ventricular filling seen as a reversal of
PE/PA. Compared with a group of subjects without car-
diovascular disease, the patients with coronary artery
disease showed lower baseline values of PE/PA. In ad-
dition, the alteration caused by phenylephrine admin-
istration appeared to be more pronounced in the cor-
onary artery disease patients. In the patients with and
without coronary artery disease the most likely mech-
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anism of the alteration of the transmitral flow velocity
profile were phenylephrine-induced changes in left
ventricular loading, with no indication of changes in
myocardial intrinsic diastolic properties. Administra-
tion of phenylephrine to subjects with valvular aortic
stenosis caused an improvement of left ventricular fill-
ing dynamics, which was impaired at baseline, possibly
on the basis of an increased left atrial pressure.
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