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Effect of afterload reduction in patients with
ventricular and physiological pacing
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suAlMARY The effect of afterload reduction was studied in a group of patients who remained breath-
less or tired after permanent ventricular pacing. Haemodynamic measurements were made before
and after giving hydralazine 20 mg intravenously using a triple lumen thermodilution catheter and
cuff blood pressure recordings during ventricular pacing at the standard rate of 71/min or an

increased rate of 88/min and physiological pacing. Increasing the ventricular pacing rate had no

effect on cardiac output as stroke volume fell. Hydralazine produced a greater rise in cardiac output
than physiological pacing alone, although peak values were obtained by combining the two. Ven-
tricular pacing produced intermittent large left and right atrial pressure peaks. Physiological pacing
produced no such peaks, and mean right and left atrial pressures fell. Hydralazine did not

significantly alter atrial pressures.

These findings show that in these patients, most of whom had a low cardiac output, afterload
reduction with ventricular pacing increased resting cardiac output more than physiological pacing
alone. Nevertheless, persistence of high filling pressures despite afterload reduction may limit the
potential therapeutic benefit. Care should be taken in extrapolating these data to other patient
groups.

Technical improvement in dual chamber pacing sys-
tems is leading to their more widespread use and to a
parallel increase in controversy regarding the indica-
tions for atrioventricular pacing.1 2 Atrioventricular
sequential pacing has been shown to give a higher
cardiac output than conventional ventricular pacing in
patients with complete heart block after cardiac
surgery3 or acute myocardial infarction.4 Greenberg
et al, however, found an inverse relation between
left ventricular end diastolic pressure and the atrial
contribution to ventricular filling and suggested that
patients with poor left ventricular function may show
the smallest increase in cardiac output with atrioven-
tricular pacing.5 Apart from maintaining the proper
relation between atrial and ventricular systole, true
"physiological" pacing also implies an ability to
increase heart rate appropriately on demand; during
exercise increases in heart rate may become relatively
more important than atrioventricular synchrony.67
The identification of subgroups of patients who

would particularly benefit from permanent physiolog-
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ical pacing is still controversial. Most patients are not
overtly symptomatic with ventricular pacing, and
despite showing an improvement in restimg cardiac
output with atrioventricular pacing some studies have
claimed that the practical benefit in terms of increased
exercise tolerance may be less pronounced8 or
absent.9 In contrast Perrins et al recently reported a
27% increase in exercise performance.'0 As physio-
logical pacing systems are still relatively expensive
both in capital cost and in follow up requirements, we
questioned whether similar benefits to those achieved
with physiological pacing might be obtained by
combining a simple ventricular pacing system with
drug treatment to reduce left ventricular afterload. In
view of the extensive use of afterload reduction in
treating cardiac failure,"I we also investigated the
interaction between this treatment and ventricular or
physiological pacing.

In this study we compared the acute changes in
cardiac output, right atrial pressure, pulmonary
artery wedge pressure, and systemic blood pressure
that occurred during ventricular pacing at different
rates with those during atrial triggered ventricular
pacing (VAT mode) in a group of patients with
impaired left ventricular function. Measurements
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Effect of afterload reduction in patients with ventricular and physiological pacing

'able 1 Mean (±+SD) values ofpaired haemodynamic variables before and after treatment with hydralazine

ariabls Ventricular pacing Physiological pacing
Standard rate Increased rate

Before After Before After Before After
hydralazine hydralazine hydralazine hydralazine hydralazine hydralazine

leart rate (beats/min) 71 71 88 88 77 82
Cardiac output (l/min) 3-9±1-2 5.0±1.0 3-8±1 0 5-2±1-1 4-3+1-3 6-1±1-1
ardiac index (1/min/m2) 2.3±0.7 2-9±0-6 2-2±0-6 3-1±0-6 2-5±0-8 3-6±0-6
troke volume (ml) 54±18 71±14 43±12 59±14 55±14 74±16
lean right atrial pressure
(mm Hg) 6-4±2-1 7-0±2-6 5-5±2-1 6-3±3-2 3-8±2-4 4-1±2-1

'eak right atrial pressure
(mm Hg) 13-9±3-2 17-1±4-6 13-0±3-5 16-0±4-9 6-8±2-6 7-1±2-6

lean pulmonary artery wedge
pressure (mm Hg) 13.4±5.9 13-0±6-4 11-2+3-5 12-5±5-9 9-8±6-6 9-7±6-7

'eak pulmonary artery wedge
pressure (mm Hg) 20-6±8-0 23-1±8-9 17-3±6-4 18-4±3.3 10-8±4-1 9-5±3-6

lean arterial pressure (mm Hg) 97-9±15-5 80-2±12-2 96-0±180 79-3±10-0 100-6±14-7 83-1±11-5
ystemic vascular resistance
(dyn s cm5) 2076±653 1172±333 1940±630 1082±267

'ulmonary vascular resistant
(dyn s cm-5) 134±78 173±91 137±78 116±48

were then repeated after giving the arteriolar dilating
drug hydralazine.

Patients and methods

Ten patients (six men and four women) were studied.
Their ages ranged from 28 to 78 (mean 62) years. All
had symptoms of dyspnoea or fatigue on moderate
(seven) or mild (three) exertion (NYHA classes II and
III) despite ventricular pacing. The indication for pac-
ing was complete heart block in five patients, persis-
tent 2:1 atrioventricular block in three, and intermit-
tent bradycardia in two. All the patients had impaired
left ventricular function as assessed by gated blood
pool radionucide ventriculography, with resting ejec-
tion fractions ranging from 12% to 43% (mean 30%).
All patients were receiving diuretics, but only one had
clinical evidence of pulmonary congestion at the time
of the study.
The study was approved by the local ethical com-

mittee, and all patients gave their informed consent.
Six patients were studied at the time of elective pacing
system revision, and the remaining four within three
weeks of implantation of a multiprogrammable
atrioventricular pacing system. In the first group a
Cordis atrial J shaped lead was inserted via the sub-
clavian vein and positioned for atrial sensing or pacing
or both. The existing ventricular lead was used for
ventricular stimulation. In all patients a triple lumen
thermodilution Swan-Ganz catheter was inserted per-
cutaneously and passed to the pulmonary artery with
the proximal lumen opening into the right atrium.
Right atrial pressure, pulmonary artery pressure, and
pulmonary artery wedge pressure were measured.
Cardiac output measurements were made in triplicate.
Systemic arterial pressure was measured using a

sphygmomanometer cuff on'the left or right arm. All
patients were studied after an overnight fast and in the
recumbent position.
Three different pacing patterns were used, and

their order for individual patients randomised: (a)
standard rate ventricular pacing (mean 71/min); (b)
increased rate ventricular pacing (mean rate 88/min);
and (c) atrial triggered pacing in nine patients or atrial
pacing in one patient. Each pacing pattern was insti-
tuted for 10 minutes. Measurements were made when
a steady state had been achieved. When measure-
ments had been completed for each of the three pat-
terns of pacing, hydralazine 20 mg was infused
intravenously over 15 minutes, and a further 20
minutes allowed to elapse before the different pacing
patterns were repeated, again in random order.

Results

The results are shown in Tables 1 and 2 and Figs.
1-5. Statistical analysis was by the paired t test.
Results are expressed'as mean ± 1 standard deviation.

BEFORE HYDRALAZINE
There was no significant change in cardiac output
when the ventricular pacing rate was increased from
71/min to 88/min: a decrease in stroke volume from
54±18 ml to 43±12 ml exactly compensated for the
increase in rate. The mean ventricular rate during
atrial triggered pacing was 77/min, and there was a
small but significant increase in cardiac output from
3.9± 1*2 1/min to 4.3± 13 1/min, which was due to an

increase in rate without change in stroke volume
(Tables 1 and 2, Fig. 1).
There was no significant difference between the

standard rate and increased rate of ventricular pacing
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Table 2 Individual results for cardiac output (ilmin) in each pacing mode. Unpaired results were excluded from comparative
statistical analysis

Case No Before hydralasine After hydralazine
Ventricular pacing Physiological Ventlar pacing Physiological

Standard rate Increased rate Standard rate Increased rate

1 2-8 2-9 4-3 4-8 3-2 5-1
2 6-6 5-5 69 6-0 6-7 7-3
3 2-8 3-3 3-7 4-3 6-4
4 4-9 5-8 5-7 7-3
5 3-8 3-2 3-2 4-8 5-1 5-1
6 3-5 3-5 3-7 47 5.0 5-7
7 4-1 4-1 3-8 6-3 5-2 6-6
8 2-5 2-3 2-6 3-2 4.3 4-2
9 4-0 4-7 5-0 5-9 6-1 7-7
10 3-5 4.0 4-1 4.8 5-6 5-6

I
4-. p<O.Ol
4--. NS

.4 io
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Fig. 1 Mean ( tSEM) values for (a) cardiac output and (b) stroke volume before (a) and after(A) hydralazine
in each pacing mode. Significance values are given for variables between each arrow.

with regard to mean or peak right atrial pressure or

mean or peak pulmonary arterial wedge pressure, but
atrial triggered pacing was associated with a 400/o
reduction in mean right atrial pressure (p<0-01) and a

50% reduction in peak right atrial pressure
(p<0001). There were similar reductions in pulmo-
nary artery wedge pressure (p<0-01, p<001) (Tables
1 and 3, Figs. 2 and 3).
No significant change was recorded in systemic

arterial pressure, systemic vascular resistance, or

pulmonary vascular resistance (Table 1, Fig. 4).

AFTER HYDRALAZINE
Cardiac output increased by approximately 300/a from
3.9+ 1-2 to 5.0+1-0 (p<0-01) at the standard ventricu-
lar pacing rate as a result of a similar increase in stroke
volume (Tables 1 and 2, Fig. 1). Mean systemic arter-
ial pressure fell from 97 9t 15.5 mm Hg to 80-2+ 12-2
mmHg (p<001) (Fig. 4). Systemic vascular resis-
tance decreased by 41% (p<0001), but there was no
significant change in pulmonary vascular resistance.
Mean right atrial pressure was not significantly
altered, but there was an increase in peak right atrial
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Fig. 2 Mean (±+SEM) values of(a) mean and (b) peak right
atrial pressure before (a) and after (A) hydralazine in each
pacing mode. Significance values are givenfor variables between
each arrow.

pressure from 13-9±3-2 to 17*1+4.6 (Fig. 2). There
were no significant changes in mean or peak pulmo-
nary artery wedge pressures, although peak wedge
pressures tended to rise (Fig. 3).
There was no significant change in cardiac output

or in atrial pressures when the ventricular pacing rate
was increased to 88/min; as before, the increase in rate
was compensated for by a fall in stroke volume.
With atrial triggered pacing mean heart rate after

hydralazine treatment was 82/min compared with
77/min before hydralazine treatment; cardiac output
was 42% greater than before hydralazine and 56%
greater than with ventricular pacing before hyd-
ralazine, although this further increase was not statis-
tically significant (Fig. 1). Mean right atrial pressure
(p<O.Ol), peak right atrial pressure (p<0-001), mean
pulmonary wedge pressure (p<0O02), and peak wedge
pressure (p<001) were all lower with atrial triggered

4- NS
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Fig. 3 Mean (±+SEM) values of(a) mean and (b) peak left
atrial pressure before (s) and after (A) hydralazine in each
pacing mode. Significance values are givenfor variables between
each arrow.

pacing than with the standard or increased rate of
ventricular pacing. The atrial pressures recorded with
atrial triggered pacing after hydralazine were similar
to those obtained with atrial triggered pacing before
hydralazine (Tables 1 and 3, Figs. 2b and 3b).

Discussion

In this group of patients studied at rest a change from
fixed rate ventricular to atrial triggered ventricular
pacing produced a small increasein cardiac output and
a fall in right and left atrial pressure. Afterload reduc-
tion using hydralazine produced a larger increase in
cardiac output but a tendency towards increased atrial
pressures. A combination of afterload reduction with
atrial triggered pacing preserved the increase in car-
diac output but reduced left and right atrial pressures.

Although afterload reduction compared favourably
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Fig. 4 Mean ( +SEM) values of the mean arterial pressure,
before (.) and after (A) hydralazine in each pacing mode.
Significance values are given for variables between each arrow.

with physiological pacing in its effects on cardiac out-
put and stroke volume, care should be taken in
extrapolating these results to other patient groups.
The mean resting cardiac index was low in our
patients (2.3+0.7 1/min/m2) and the mean systemic
vascular resistance correspondingly high, which may
account for the favourable response to vasodilatation.
Other studies have shown that where left ventricular
wall stress is not high afterload reduction can have a
notably adverse haemodynamic and clinical effect.12
It is also not clear whether these results in recumbent
patients at rest can be extrapolated to the ambulant

Been, de Bono, Miller, Hillis

patient. Systemic vascular resistance tends to fall with
exercise anyway, and whether pharmacological after-
load reduction is effective in these patients during
exercise is at present conjectural. The relevance of
cardiac output vis a vis atrial pressures in terms of
subjective wellbeing and effort tolerance also remains
to be explored.
The adverse haemodynamic effects of retrograde

atrioventricular conduction, whereby delayed atrial
activation causes regular contraction against closed
atrioventricular valves, have been extensively studied,
particular in animal models.'3 14 Intermittent retro-
grade conduction occurred during ventricular pacing
in three patients in the present study, but we were
also impressed with the pronounced increased in peak
right and left atrial pressures which could occur

intermittently in patients with atrioventricular dis-
sociation (Fig. 5). Increases of about 100% in peak
right and left atrial pressure occurred when atrial and
ventricular systole coincided (Figs. 3 and 5), and
atrial pressure was inappropriately raised for up to
40% of the time during ventricular pacing at 71/min.

Planning the best treatment for patients with heart
failure and conduction disturbances is a complex
problem. In some patients, an increase in resting car-
diac output is the major priority, and this may be
most effectively achieved using afterload reduction.
A combination of this with physiological pacing in
suitable patients will enhance the cardiac output and
reduce the tendency of afterload reduction to increase
atrial pressure. The possibility that pharmacological
intervention might be an alternative to more expen-
sive physiological pacemakers is attractive but
requires evaluation in ambulatory as well as in resting
patients. Conversely, other patients with an adequate
cardiac output may be symptomatic because of trans-
ient inappropriate increases in atrial pressure and are
much more likely to benefit from physiological pacing

Table 3 Individual results for mean and peak left atrial pressures (mm Hg) in each pacing mode. Unpaired results were excluded
from comparative statistical analysis

Case No Before hydralazine After hydralazine

Ventricular pacing Physiological Ventricular pacing Physiological
pactng pactng

Standard rate Increased rate Standard rate Increased rate

Mean Peak Mean Peak Mean Peak Mean Peak Mean Peak Mean Peak

2 14 22 12 16 9 11 17 30 16 22 12 14
3 16 20 15 17 8 14 10 20 16 20 7 13
4 10 12 - - 6 - 7 - - - 6 8
5 14 20 14 20 14 - 14 - 18 - 14 -
6 6 10 5 10 4 6 6 14 2 14 7 7
7 10 12 - 14 3 6 10 12 - 14 3 6
8 27 34 - 30 25 - 27 32 22 24 25 30
9 10 22 10 14 8 12 16 34 10 16 8 11
10 14 24 11 20 11 16 10 20 13 20 5 6
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Fig. 5 Recording ofpulmonary
artery (PA), pulmonary artery wedge
(PAW), and right atrial (RA)
pressures. Change in right atrial
pressure (lower line) corresponds with
vatying P wave position in the
electrocardiogram. A similar pattern is
seen in the pulmonary artery wedge
tracing.

than from drug treatment. Measurements of resting
cardiac output alone may not be helpful in selecting
and evaluating the latter group.
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