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Haemodynamic effects of short term intravenous
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SUMMARY The haemodynamic effects of an intravenous amiodarone infusion (5 mg/kg for 10
minutes) were measured in ten patients with hypertrophic cardiomyopathy (two with a left
ventricular outflow gradient at rest) five, 15, and 30 minutes after drug administration. Mean (SD)
pulmonary capillary wedge pressure rose significantly at five and 15 minutes (from 12-3 (6 2) mm
Hg to 17-6 (9-2) and to 16-2 (8-6)) with a subsequent tendency to fall to control values at 30 minutes.
Mean right atrial and right ventricular end diastolic pressures increased from 3-6 (1 8) mm Hg to
7-3 (3o1) and from 6 3 (2 4) to 9.8 (3 2) mm Hg respectively at 30 minutes. The increase in filling
pressures was paralleled by a decrease ofleft ventricular max dP/dt from 1522 (414) to 1372 (327) to
1316 (338) and to 1326 (379) five, 15, and 30 minutes after infusion. Despite this slight negative
inotropic effect, cardiac index and stroke volume index were unchanged or slightly increased,
possibly because of the decrease in systemic vascular resistance (from 1326 (330) dyn s cm- 5/m2 to
1152 (285)). In both patients with outflow gradient the pressure gradient at rest decreased (from
110 to 65 and from 85 to 65 mm Hg) through a reduction of left ventricular systolic pressure.

Thus short term intravenous infusion of amiodarone is safe in patients with hypertrophic
cardiomyopathy. The main changes were a mild depression of ventricular contractility, which was
well tolerated and adequately compensated for by a decrease in afterload.

Over the past few years amiodarone has become
widely accepted as a first line management of arr-
hythmias in patients with hypertrophic car-
diomyopathy.'' Its haemodynamic action after
intravenous administration has been extensively
studied in patients with coronary artery disease' but
no data are available on the short term effects in
hypertrophic cardiomyopathy. Because the patho-
physiology of hypertrophic cardiomyopathy is
unique, the haemodynamic effects seen in other
cardiac diseases may not necessarily be found in this
disorder. For this reason we studied the haemody-
namic effects of intravenous amiodarone in 10
patients with hypertrophic cardiomyopathy.

Patients and methods

PATIENTS
Ten patients (eight men and two women, aged 36 (13)
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years (mean (SD)) (range 19 to 55 years)) were
studied after giving their informed consent. They
were the first ten patients referred to this hospital
who were not already taking oral amiodarone when
the study was planned. Only two patients had a left
ventricular outflow gradient (110 and 85 mm Hg).
Initial evaluation included 48 hours electrocar-
diographic recording (Holter), which showed parox-
ysmal atrial fibrillation or supraventricular tachycar-
dia or both in six patients and runs of ventricular
tachycardia in four.
Table 1 summarises patient characteristics,

predominant symptoms, New York Heart Associa-
tion functional class, distribution and extent of left
ventricular hypertrophy, and 48 hour Holter data.
The distribution of left ventricular hypertrophy was
classified according to Maron et al7 based on cross
sectional echocardiographic findings. The presence
or absence of systolic anterior movement ofthe mitral
valve on the echocardiogram was noted.

CATHETERISATION PROCEDURES
All patients had standard right and left sided cardiac
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Table 1 Patients' characteristics

Age Symptoms and Distribution Echo thickness (mm) Mainfindings
Patient (yr) Sex NYHA class ofLVH* IVS LVPW SAM on 48 h Holter

1 55 M No, I Type III 22 21 No PSVT, VE Lown III
2 43 F Dyspnoea, II Concentric 23 15 Yes PSVT, VE Lown III
3 23 M Palpitation, II Type II 20 11 No Unsustained VT, PAF
4 51 M Dyspnoea, III Type III 35 11 Yes PSVT
5 20 M No, I Type III 28 16 No Unsustained VT
6 40 F Palpitation, II Type IV 12 11 Yes PSVT
7 34 M Palpitation, II Type II 18 13 No PSVT, VE Lown III
8 19 M Palpitation, II Type III 34 10 Yes PAF
9 33 M Dyspnoea, II Type III 21 14 Yes Unsustained VT
10 43 M Palpitation, II Type I 18 12 No Unsustained VT

LVH, left ventricular hypertrophy; IVS, interventricular septum; LVPW, left ventricular posterior wall; SAM, systolic anterior movement;
PSVT, paroxysmal supraventricular tachycardia; VE, ventricular extrasystoles; VT, ventricular tachycardia; PAF, paroxysmal atrial
fibrillation.
*According to Maron et al.7

catheterisation without premedication after an over-

night fast. A 7F Swan-Ganz thermodilution catheter
was inserted percutaneously from the right femoral
vein with its tip in a pulmonary artery and the
proximal lumen in the right atrium. A 8F double
lumen micromanometer tip Millar catheter was

advanced from the right femoral artery in an arterial
sheath to the body of the left ventricle. We ensured
that entrapment, spurious gradient, or arrhythmias
would not occur. Systemic arterial pressure was

monitored from the side arm of the arterial sheath
(8F) or from a second arterial line if the quality of the
pressure wave from the sheath was unsatisfactory.

Cardiac output was measured in triplicate by the
thermodilution technique; heart rate (mean of six
beats) and rhythm were recorded by the electrocar-
diogram.

MEASUREMENTS
Reference 0 for pressure measurements was set at
mid-chest level. The micromanometer was

calibrated with the fluid filled system of the lumen of
the Millar catheter itself. All pressure measurements
were the mean of 5-10 consecutive beats. When we

recorded pressure-derived contractility and relaxa-
tion indexes, the patients were asked to hold their
breath at mid-inspiration. We calculated the follow-
ing variables from pressure and flow measurements:
systemic vascular resistance (mean blood pressure/
cardiac output); pulmonary vascular resistance
(mean pulmonary artery - pulmonary capillary
wedge pressure/cardiac output); cardiac index (car-
diac output/body surface area); stroke volume (car-
diac output/heart rate); peak positive left ventricular
pressure first time derivative (max dP/dt); peak
negative dP/dt; and time constant of left ventricular
pressure fall after the peak negative dP/dt (T). Left
ventricular and pulmonary capillary wedge pressures
were recorded at a paper speed of 200 mm/s and the
left ventricular pressure values taken at 10 ms

intervals from the peak negative dP/dt to the end of
isovolumetric diastole determined by the point at
which left ventricular pressure crosses the wedge
pressure tracing and these data were fitted by the
method of least squares to the function P = eAt+B.
The time constant T equals 1/ -A, where A is the
slope of ln P plotted against time and expressed as s-'.'

Study protocol
Twenty minutes were allowed for stabilisation before
we took a complete set of baseline measurements.
Then amiodarone (5 mg/kg body weight) was infused
over ten minutes. We used the commercially avail-
able preparation (Cordarone) containing the diluent
Tween 80. Haemodynamic measurements were
repeated five, 15, and 30 minutes after the end of the
injection. Cardiac output and the derived variables
were only measured at 30 minutes.

Statistical evaluation
Statistical analysis was performed by Student's t test
for paired data. A p value < 0-05 was considered to be
significant. Values are expressed as mean (1 SD).

Results

Table 2 shows individual and mean haemodynamic
data. Figures 1, 2, and 3 show the individual changes
in pulmonary capillary wedge pressure, left ven-
tricular end diastolic pressure, max dP/dt, peak
negative dP/dt, time constant T, cardiac index,
stroke volume, and systemic vascular resistance. Five
and 15 minutes after amiodarone pulmonary wedge
pressure rose significantly whereas at 30 minutes
there was tendency to return to control values (fig 1).
In one ofthe two patients (fig 1) with a left ventricular
outflow gradient, pulmonary capillary wedge pres-
sure rose to 30 mm Hg at five and 15 minutes and
returned to baseline value at 30 minutes in the
absence of symptoms and clinical problems.
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Table 2 Mean haemodynamic data obtained at baseline and after amiodarone infusion

After amiodarone infusion

Baseline 5 mim 15-mmn 30 min

HR (beats/min) 81 5(8.7) 83-3(6-4) 78-9(4-2) 79(3 3)
RAMP 3-6(1-8) 7-3(3- 1)***
RVEDP 6 3(2 4) 9-8(3-2)**
PAP

Systolic 32(13) 37(10-9)** 35-5(13-1)* 34-5(13-6)
Diastolic 15 7(7-3) 19-5(6-6)** 18-2(7-7)** 16-5(7)
Mean 18-5(9) 24-3(7 9)*** 22-5(7 8)** 21-6(8-8)*

PCWP 12-3(6-2) 17-6(9-2)** 16-2(8-6)* 14-3(5-9)
LVSP 137(59) 129(46) 129(48) 130(44)
LVEDP 19-9(5-9) 22 4(6 3) 20 5(6 6) 20 3(6-4)
AoP

Systolic 117(27) 116(26) 116(29) 119(25)
Diastolic 74(9) 69(11)* 71(12) 71(11)
Mean 87(15) 83(19)* 86(20) 86(17)

CI (1/min/m') 3(0 8) 3-3(0 6)
SVI (ml/m2) 38(11) 41(8)
SVR (dynscm /m) 1325(330) 1156(28q)*
PVR (dyn s cm-5/m2) 107(78) 117(96)
Peak positive dP/dt (mm Hg/s) 1522(414) 1372(327)* 1316(338)** 1326(339)*
Peak negative dP/dt (mm Hg/s) 1340(428) 1272(345) 1298(351) 1359(378)
T (ms) 54-3(13-2) 64-6(17-4)* 57-2(14-7) 55-5(14-5)

Values are mean (SD) and pressures aremm Hg.
HR, heart rate; RAMP, right atrial mean pressure; RVEDP, right ventricular end diastolic pressure; PAP, pulmonary arterial pressure;
PCWP, pulmonary capillary wedge pressure (mean); LVSP, left ventricular systolic pressure; LVEDP, left ventricular end diastolic
pressure; AoP, aortic pressure; CI, cardiac index; SVI, stroke volume index; SVR, systemic vascular resistance; PVR, pulmonary vascular
resistance.
T is the time constant of the fall in left ventricular pressure.
*p<0-05, **0-01, ***0-001 (versus baseline).
A table of results for individual patients is available from the authors.

35-

30-

25-

E
E 20-
a-

w

>:i 15-

10-

5-

0

B 5 15 30
(min)

2300

2100-

1900-

- 1700-

E
E 1500-

x
a

E 1300-

> 1100-

90

900-1

700-

I I I

B 5 15
(min)

011

30 B 5 15 30
(min)

Fig 1 Effects of amiodarone infusion on mean pulmonary capillary wedge pressure (PCWP), left ventricular end diastolic
pressure (LVEDP), and left ventricular (LV) max dP/dt. Individual and mean (SD) values are shown at baseline (B) and
five, 15, and 30 minutes after amiodarone infusion. The dotted lines identify the two patients with left ventricular outflow
gradient at rest. *p < 0 05 vs baseline value; **p< 0 01 vs baseline value.
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Fig 2 Effects of amiodarone infusion on cardiac index, stroke volume index, and systemic vascular resistance index (SVRI).
Individual and mean (SD) values are shown at baseline (B) and 30 minutes after amiodarone infusion. The dotted lines
identify the two patients with left ventricular outflow gradient at rest.
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Fig 3 Effects of amiodarone infusion on left ventricular peak negative dP/dt (-LV dP/dt max) and time constant (T) of
the fall in left ventricular pressure. Individual and mean (SD) values are shown at baseline (B) andfive, 15, and 30 minutes
after amiodarone infusion. The dotted lines identify the two patients with left ventricular outflow gradient at rest. *p < 0-05 vs

baseline.
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There was a smaller and not statistically significant
increase in left ventricular end diastolic pressure.
The increase in pulmonary wedge pressure was
paralleled by a decrease in max dP/dt that remained
statistically significant at 30 minutes. These results
are consistent with a slight negative inotropic action
of amiodarone. The finding that cardiac index and
stroke volume were unchanged or increased slightly
at 30 minutes, however, may be the result of the
decrease in peripheral resistance (fig 2). In fact mean
systemic vascular resistance was significantly
reduced at 30 minutes. In five patients there was a
decrease while in the other five there was no change
or a minimal reduction (fig 2). Heart rate did not
change significantly at any time. Mean right atrial
pressure and the right ventricular end diastolic
pressure were also increased. The time constant T
rose significantly at five minutes, indicating a tran-
sient reduction in relaxation.

Discussion

The management of cardiac arrhythmias is a major
task in patients with hypertrophic cardiomyopathy.
Oral treatment is the usual treatment but often
intravenous administration may be required, for
example in patients who are haemodynamically un-
stable during the arrhythmic phases or in between
them, and in whom immediate interruption of the
arrhythmia or its prevention is important.
Although amiodarone is an effective antiarrhyth-

mic drug for patients with hypertrophic car-
diomyopathy,''3 it may take several days to reach
therapeutic concentrations in the blood and suppres-
sion of arrhythmia,v" even with a large oral loading
dose. Intravenous bolus injection of amiodarone has
been demonstrated to be effective in controlling
various supraventricular and ventricular arrhyth-
mias.12-14 Intravenous administration is usually fol-
lowed by continuous infusion as a long term oral
regimen is started. This approach shortens the
loading period.
The effect of long term oral amiodarone on left

ventricular function in hypertrophic car-
diomyopathy has been reported recently.'5 16 Sugrue
et al studied systolic and diastolic left ventricular
function at rest with serial radionuclide angiograms
and found that ejection fraction and left ventricular
filling indices were not altered. 5 Paulus et al reported
a negative effect on rest and exercise haemodynamic
function with no effect on echocardiographic relaxa-
tion indices.'6 In that study the significant increase in
left ventricular filling pressures at rest and the higher
pulmonary capillary wedge pressures during exercise
at identical workloads are consistent with a negative
inotropic action of amiodarone.

Information on the haemodynamic effects of
intravenous amiodarone has been obtained from
studies on normal volunteers'718 or patients with
ischaemic heart disease46"' or depressed left ven-
tricular function of different causes.5 20 In these
conditions intravenous amiodarone had both
negative inotropic and peripheral vasodilatory
effects. The consensus is, however, that the
haemodynamic changes are a consequence of the
combined effects of the drug and its diluent Tween
80. Sicart et al compared the effects of amiodarone
with solvent and pure Tween 80.'7 They concluded
that the early vasodilatation was primarily but not
exclusively caused by Tween 80, while the later
reduction in contractility was caused by amiodarone
itself. The effects induced by the diluent lasted only
up to four minutes. Bellotti et al infused amiodarone
not dissolved in Tween 80 into patients with conges-
tive heart failure caused by chronic Chagas's disease
and found both a negative inotropic effect and a
peripheral vasodilatation.20

In the previously reported studies amiodarone was
injected at doses of 5-10 mg/kg over periods of 1-5
minutes. A more gradual intravenous administration
of the drug has been advised to avoid the possible
acute hypotension." In the present study we
increased the time of infusion to 10 minutes and
started to measure the haemodynamic effect five
minutes after the end of the infusion. The
haemodynamic changes that we measured are
therefore more likely to reflect the action of the drug
alone.

In the present study the main effect of short term
intravenous amiodarone was a mild depression of
myocardial function. This was shown by an increase
in right and left filling pressures and by a decrease in
left ventricular max dP/dt. Simultaneous systemic
vasodilatation, however, compensated for the effect
on contractility and cardiac output was maintained.
Despite the decrease in systemic vascular resistance,
there was no reflex increase in heart rate. This finding
can be explained by the drug's properties of non-
competitive blockade of both a and ,B receptors."2"4
Left ventricular dP/dt is load dependent, so the
observed reduction in this variable could have been
caused by a reduction in systemic vascular resistance
itself, unassociated with any reflex adrenergic re-
sponse. A true decrease in contractility is, however, a
more likely explanation because max dP/dt also fell in
those patients who did not show any reduction of
systemic vascular resistance.
The two patients with left ventricular outflow

gradient showed the same haemodynamic changes
that were seen in the others: in both cases the gradient
decreased because there was a moderate reduction of
left ventricular systolic pressure.
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The ability of amiodarone to reduce the afterload
seemed to be most relevant in determining the
behaviour of the stroke volume. When the patients
who showed a decrease in afterload (as reflected by
systemic resistance or by the left ventricular outflow
gradient) are considered separately from those in
whom the afterload did not change, it can be seen that
max dP/dt, pulmonary capillary wedge pressure, and
left ventricular end diastolic pressure changed in the
same direction or did not differ significantly in the
two subgroups, while stroke volume increased only
in those patients who showed a decrease in afterload
(fig 4). Since filling pressures also rose in these
patients we believe that the reduction in afterload
overcompensated for the reduction in contractility.
This would imply an increase in left ventricular
volumes.
We interpreted the increase in filling pressures as a

negative inotropic effect of amiodarone. This finding
could also be explained by a reduction in ventricular
compliance. Amiodarone did not modify the peak
negative dP/dt but it did significantly increase the
time constant of left ventricular pressure fall (T) at
five minutes, which indicates a reduction in relaxa-
tion (fig 3). This effect was transient and did not
persist at 30 minutes when the simultaneous changes
in stroke volume, systemic vascular resistance, con-
tractility, and filling pressure were considered.
The results of the present study indicate that short

term intravenous amiodarone may be given safely to
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Fig 4 Change (mean (SD)) in left ventricular dP/dt max,
left ventricular end diastolic pressure (LVEDP), pulmonary
capillary wedge pressure (PCWP), and stroke volume index
(SVI) 30 minutes after amiodarone infusion as a percentage
of baseline values. The patients are divided into two
subgroups-those with minimal ( <5% ) changes of systemic
vascular resistance (that is afterload unchanged) and those
with a reduction in systemic vascular resistance or in left
ventricular aortic pressure gradient (that is afterload
decreased).

patients with hypertrophic cardiomyopathy and that
the main changes are a slight depression of cardiac
function that is well tolerated and adequately com-
pensated for by systemic vasodilatation. Transient
reduction in compliance caused by impaired relaxa-
tion cannot be excluded. The patients did not report
any subjective side effects.
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