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Objective: To examine the effects of baseline left ventricular function on the haemodynamic and cat-
echolamine responses to ventricular tachycardia.
Design: Experimental cohort study.
Setting: Cardiac catheterisation laboratory in tertiary referral centre.
Subjects: 24 patients (19 male, 5 female; mean (SD) age, 59 (10) years) without coronary artery dis-
ease, divided into two groups with normal or impaired left ventricular function: group A, ejection frac-
tion > 65% (n = 10); group B, ejection fraction < 45% (n = 14). Other medical and demographic
factors were similar in the two groups.
Interventions: Ventricular tachycardia was simulated with rapid pacing at 150 beats/min for 10 min-
utes.
Main outcome measures: Arterial blood pressure; venous plasma catecholamine concentrations.
Results: During rapid pacing, blood pressure was lower in group B (with impaired left ventricular func-
tion) than in group A: systolic blood pressure, 102 (11) v 115 (9) mm Hg (p = 0.005); mean blood
pressure, 79 (6) v 85 (6) mm Hg (p = 0.02). The ejection fraction correlated with the lowest systolic
blood pressure (r = 0.64, p = 0.0006). Although the rise in adrenaline was comparable between the
two groups, the rise in noradrenaline was more pronounced (p < 0.05) in patients in group B.
Conclusion: At low rates and in selected patients, the underlying state of left ventricular function affects
haemodynamic tolerance of ventricular tachycardia. Patients with impaired left ventricular function
have a lower blood pressure during ventricular tachycardia, despite an exaggerated noradrenaline
release.

Ventricular tachycardia is a common arrhythmia with a

poor prognosis.1 2 It is characterised by eccentric

ventricular activation at a rapid rate. Sustained ventricu-

lar tachycardia produces significant alterations in left ven-

tricular haemodynamics, but the resultant change in arterial

blood pressure varies widely, from a minimal fall to severe col-

lapse and death.2 Although several factors predicting a synco-

pal response have been implicated,3 the exact pathophysiologi-

cal mechanisms of haemodynamic embarrassment during

ventricular tachycardia are not fully understood.

Patients with poor left ventricular function from coronary

artery disease or idiopathic dilated cardiomyopathy are at risk

of sustained ventricular tachycardia. In clinical practice, it is

often assumed that the more impaired the function of the left

ventricle, the more severe the hypotension occurring during

the arrhythmia. However, this assumption is not supported by

clinical or experimental data.

During ventricular tachycardia, various compensatory

mechanisms come into play and may explain the differences

in the hypotensive response. One such mechanism is the

liberation of catecholamines into the blood circulation.

However, previous studies on the pattern of catecholamine

activation during and after ventricular tachycardia have

produced contradictory results.4–8 This probably reflects the

heterogeneity of the patient populations and differences in the

mode of termination of the tachycardia in the various studies.

We aimed to investigate the effect of baseline left ventricu-

lar function on haemodynamic responses and catecholamine

activation during and after sustained ventricular tachycardia

in a homogeneous patient population.

METHODS
Patients
We screened patients who were on the waiting list for

diagnostic cardiac catheterisation and electrophysiological

study for their suitability for study. Potential candidates were

identified as those in sinus rhythm who fell into one of two

categories, based on echocardiography within the preceding

three months: those with normal left ventricular function

(group A) and those with impaired left ventricular function

but without any history of myocardial infarction (group B).

Patients in New York Heart Association (NYHA) functional

class IV were excluded, as were those who had been on amio-

darone or a β blocker within one month of entry to the study.

Patients with diabetes mellitus, autonomic neuropathy,

hypertrophic cardiomyopathy, or valvar heart disease were

also excluded.
All drugs were discontinued 24 hours before the study.

Informed consent was obtained before recruitment, and the
protocol was approved by the hospital ethics committee.

All patients underwent contrast left ventriculography,
coronary arteriography, and electrophysiological study, as
clinically indicated. The indications for electrophysiological
study were: supraventricular tachycardia (1), tachycardia–
bradycardia syndrome (6), sinus pauses and/or sinus brady-
cardia (7), idiopathic ventricular fibrillation (1), dizziness
with atrioventricular conduction abnormalities (5), and non-
sustained ventricular tachycardia (4). Atropine or isoprenaline
(isoproterenol) were not used and no patient required cardio-
version during the procedure.

All studies were undertaken in the fasting state, without
the use of premedication. The standard percutaneous
Seldinger technique was used to gain access to the femoral
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vein and femoral artery. Patients with significant coronary
artery disease were excluded from the study. For the purposes
of this study, “significant coronary artery disease” was defined
as any degree of stenosis in the left main stem, or stenosis of
over 50% in the diameter of any other coronary vessel.

Patients were enrolled in the study if they had a left
ventricular ejection fraction above 65% (group A, normal left
ventricular function), or below 45% (group B, depressed left
ventricular function). Left ventricular ejection fraction was
measured from contrast ventriculography in the 30° right
anterior oblique projection. Left ventricular silhouettes at end
diastole and end systole were traced from digital images, and
the ejection fraction was calculated using computer assisted
analysis (Hycor TOP, version 1.5, Siemens, Munich, Germany).
When extrasystoles were present, care was taken to analyse a
cardiac cycle at least two beats after the last extrasystole.

Protocol
Fifteen minutes after completion of the cardiac catheterisa-

tion and the electrophysiological study, a 30 second ventricu-

lar pacing burst was given at a rate of 150 beats/min. As atrio-

ventricular synchrony is an important determinant of the

haemodynamic response during ventricular tachycardia,7 9

patients with intact ventriculoatrial conduction at that rate

were excluded from the study. In patients with atrioventricu-

lar asynchrony after this initial test, continuous rapid pacing

was then applied from the right ventricular apex at a rate of

150 beats/min for 10 minutes. Arterial blood pressure was

recorded from the arterial sheath and venous blood was

obtained from the indwelling sheath for measurement of

plasma catecholamines. Data were obtained at baseline, at the

first, fifth, and 10th minute of pacing, and at the first, fifth,

and 10th minute after termination of pacing. Blood samples

for measurement of plasma noradrenaline (norepinephrine)

and adrenaline (epinephrine) concentrations were collected in

lithium heparin tubes, centrifuged immediately, and stored at

−20°C until assayed by high performance liquid chromatogra-

phy with electrochemical detection.10 The normal limits of cir-

culating noradrenaline and adrenaline in rested supine volun-

teers in our laboratory are 275–413 pg/ml and 77–115 pg/ml,

respectively.
At the first, fifth, and 10th minute after termination of pac-

ing, a three lead ECG was recorded at a paper speed of
100 mm/s, and the RR interval calculated from the average of
three consecutive intervals.

“Steady state” values of systolic and mean blood pressure
during (simulated) ventricular tachycardia were calculated as
the average of values at the first, fifth, and 10th minute of
rapid ventricular pacing. Steady state recovery values of systo-
lic and mean blood pressure were calculated as the average of
the values at first, fifth, and 10th minute after termination of
pacing. The peak hypotensive response was calculated as the
percentage of the maximum fall in systolic blood pressure
during rapid pacing with respect to baseline.

Statistics
Differences between two variables were compared using Stu-

dent’s t test for independent variables, while differences

between three or more variables were compared using analy-

sis of variance for repeated measures followed by Tukey’s HSD

multiple comparisons test. Linear correlations between

variables were determined and Pearson’s correlation coef-

ficient was calculated. All statistical analyses were performed

using “Statistical” software (version 5, 1998 edition, StatSoft

Inc, Tulsa, Oklahoma, USA). Values are expressed as mean

(SD). Significance was defined at an α level of 0.05.

RESULTS
Patient population
We studied 24 consecutive patients who fulfilled the entry crite-

ria. The normal left ventricular function group (group A) consisted

of 10 patients (eight men, two women; mean (SD) age 56 (14)

years), mean ejection fraction 69 (3)%. The impaired left ventricu-
lar function group (group B) consisted of 14 patients (11 men,

three women; age 61 (6) years), mean ejection fraction 28 (8)%.

The discharge diagnosis in all group B patients was idiopathic

dilated cardiomyopathy. In this group, one patient was in NYHA

functional class III, six were in class II, and seven were in class

I. Apart from the ejection fraction, the baseline characteristics

were comparable between the two groups (table 1). As probably

anticipated, patients with depressed left ventricular function

tended to have higher resting heart rates (lower RR interval)

and lower arterial blood pressure. However, none of these

differences reached significance.

Blood pressure
During rapid ventricular pacing, no patient from either group

experienced dizziness or syncope. However, the blood pressure

response to simulated ventricular tachycardia differed signifi-

cantly between the two groups (fig 1). Systolic blood pressure

immediately (by the first minute of rapid ventricular pacing)

became lower in group B (with impaired left ventricular func-

tion) than in group A. This difference remained significant

throughout rapid pacing until the fifth minute after the

termination of pacing. Similarly, mean blood pressure was

significantly lower during rapid ventricular pacing in group B

than in group A; this difference became non-significant at the

first minute after the termination of pacing.

Steady state systolic blood pressure during simulated

ventricular tachycardia also differed between the two groups,

at 115 (9) mm Hg in group A v 102 (11) mm Hg in group B

(p = 0.005); equivalent values for steady state mean blood

pressure were 85 (6) mm Hg in group A and 79 (6) mm Hg in

group B (p = 0.02).

During rapid ventricular pacing, the maximum per cent fall

in systolic blood pressure—that is, the peak hypotensive

response—was 7 (4)% in group A and 14 (5)% in group B

(p = 0.001).

Table 1 Baseline characteristics of the two patient
groups

Normal LV
(n=10)

Depressed
LV (n=14) p Value

Age (years) 56 (14) 61 (6) NS
Sex (male/female) 8/2 11/3 NS
Ejection fraction (%) 69 (3) 28 (8) 0.0001
Noradrenaline (pg/ml) 408 (165) 474 (113) NS
Adrenaline (pg/ml) 92 (26) 130 (77) NS

Values are mean (SD) or n.
LV, left ventricle.

Figure 1 Systolic and mean blood pressure response (at first, fifth,
and 10th minute of simulated ventricular tachycardia, and the first,
fifth, and 10th minute post-termination), in patients with normal left
ventricular function (filled circles) and impaired left ventricular
function (empty circles). *Significant difference between the two
groups (p < 0.05). LV, left ventricular; p, post.
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During the recovery phase, blood pressure was not

significantly different between the two groups. Steady state

recovery values for systolic blood pressure were 133

(10) mm Hg in group A and 124 (12) mm Hg in (group B)

(p > 0.05). The corresponding values for mean blood pressure

were 96 (5) and 92 (6) mm Hg, respectively (p > 0.1).

Blood pressure versus ejection fraction
The blood pressure response correlated significantly with the

left ventricular ejection fraction (fig 2). There was a significant

positive correlation between the ejection fraction and the low-

est systolic blood pressure recorded during simulated ven-

tricular tachycardia (fig 2A). Expressed in a different way,

there was a significant negative correlation between the ejec-

tion fraction and the peak hypotensive response (fig 2B).

Similarly, there was a significant positive correlation between

the ejection fraction and the steady state values of systolic

blood pressure during simulated ventricular tachycardia (fig

2C).

Catecholamines versus ejection fraction
There was a negative correlation between the changes in nor-

adrenaline (expressed as per cent increase with respect to

baseline) and the ejection fraction. This correlation was

significant at the first minute after the onset of simulated

ventricular tachycardia (r = −0.43, p = 0.031) and at the fifth

minute of recovery (r = −0.45, p = 0.024). In contrast, no sig-

nificant correlation was found between the changes in

adrenaline and the ejection fraction.

RR interval
The mean values for RR interval at the first, fifth, and 10th

minute after termination of the rapid pacing were as follows:

group A (normal left ventricular function), 723 (102) ms, 803

(91) ms, and 860 (77) ms, respectively; group B (impaired left

ventricular function), 715 (59) ms, 757 (77) ms, and 799

(84) ms, respectively. Although there was a trend towards a

lower mean RR interval (higher heart rate) in group B by the

10th minute after termination of pacing, none of the observed

differences in the RR interval reached significance.

Plasma catecholamine concentrations
These data are given in table 2.

Adrenaline
With respect to baseline values, plasma adrenaline concentra-

tions showed a significant rise during simulated ventricular

tachycardia in both groups (overall effect: F = 5.18,

p = 0.00007; group A: F = 4.27, p = 0.001; group B: F = 3.04,

p = 0.01). There were no significant differences in adrenaline

concentrations between the two groups at any time point dur-

ing the study (fig 3A).

Noradrenaline
With respect to baseline values, plasma noradrenaline

concentrations also showed a significant rise during simulated

ventricular tachycardia in both groups (overall effect:

F = 12.80, p < 0.00001; group A: F = 9.77, p < 0.0001; group

B: F = 7.54, p < 0.0001). Both during and after rapid

ventricular pacing, plasma noradrenaline values were higher

in group B (with impaired left ventricular function) than in

group A (p <0.05). This difference was evident at the fifth

minute of simulated ventricular tachycardia and was present

until the 10th minute of recovery (fig 3B).

DISCUSSION
Ventricular tachycardia is a malignant arrhythmia, but, unlike

ventricular fibrillation, its occurrence is not invariably associ-

ated with haemodynamic collapse.1 2 Some patients tolerate

sustained ventricular tachycardia long enough for them to

receive appropriate medical care, while in others syncope

occurs immediately after the onset of the arrhythmia. Thus

haemodynamic tolerance of sustained ventricular tachycardia

determines arrhythmic mortality.

Figure 2 Correlations between ejection fraction and systolic blood pressure for all study patients. (A) Correlation between ejection fraction
and lowest recorded systolic blood pressure during simulated ventricular tachycardia. (B) Correlation between ejection fraction and maximum
hypotensive response, expressed as per cent fall in systolic blood pressure compared with baseline. (C) Correlation between ejection fraction
and “steady state” systolic blood pressure (see text for explanation). EF, ejection fraction; max, maximum; SBP, systolic blood pressure; sVT,
simulated ventricular tachycardia.

Table 2 Plasma catecholamine values (pg/ml) at baseline and during and after simulated ventricular tachycardia

Baseline

Duration of tachycardia (min) Time after discontinuing tachycardia (min)

1 5 10 1 5 10

Adrenaline
Group A 92 (26) 109 (25) 132 (28)* 127 (17)* 133 (20)* 129 (32)* 112 (28)
Group B 130 (77) 157 (69) 189 (95)* 188 (114)* 179 (94) 147 (36) 148 (53)

Noradrenaline
Group A 408 (165) 389 (180) 470 (142) 481 (106)* 482 (85)* 393 (87) 384 (137)
Group B 474 (113) 533 (189) 632 (202)* 644 (218)* 625 (201)* 574 (133)* 530 (119)

Values are mean (SD).
*p < 0.05 v baseline values.
Group A, normal left ventricular function; group B, depressed left ventricular function.
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Although the rate of the tachycardia has been identified as

the most important determinant of haemodynamic

stability,2 3 11 12 symptoms can vary widely in different patients

with identical tachycardia rates. Thus a constellation of other

variables plays an additional role. These include “central” fac-

tors (that is, variables related to the heart) and “peripheral”

factors (variables involved in arterial vasoconstriction)).2 3 7 13

Effect of baseline left ventricular function on ventricular
tachycardia tolerance
Central variables include the temporal relation between atrial

and ventricular systole, the severity of valvar regurgitation, the

severity of myocardial ischaemia, and the extent of ventricular

asynchrony during the tachycardia.2 7 9 12 14 15 In contrast, the

importance of baseline left ventricular function on the

haemodynamic tolerance of ventricular tachycardia has been

debated.2 3 11

We compared the haemodynamic response to simulated

sustained ventricular tachycardia in two groups of patients: a

group with normal left ventricular function (with an ejection

fraction above 65%) and a group with depressed left ventricu-

lar function (with an ejection fraction below 45%). Our results

show that baseline left ventricular function has a significant

effect on the haemodynamic tolerance of ventricular tachycar-

dia, in that patients with depressed left ventricular function

had a lower blood pressure than patients with normal

function during a simulated ventricular tachycardia of 150

beats/min. Although this is in accord with common clinical

belief, surprisingly it has never been demonstrated before.

Two previous reports have failed to show a significant

impact of baseline left ventricular function on the response to

sustained ventricular tachycardia.3 11 Hamer and colleagues

reported a lack of significant correlation between the resting

left ventricular ejection fraction and blood pressure during

ventricular tachycardia3; however, a direct comparison be-

tween patients with preserved and impaired left ventricular

function was not undertaken, as all the patients they studied

had structural heart disease with an ejection fraction of less

than 50%. Lima and colleagues,11 in a cohort similar to ours,

reported comparable blood pressure responses in the two

groups. To explain their findings, they elegantly showed that

distinct mechanisms of hypotension occur, depending on left

ventricular function in sinus rhythm: in patients with normal

left ventricular function, incomplete relaxation during ven-

tricular tachycardia is the dominant mechanism, while in

patients with impaired left ventricular function, hypotension

occurs because of incoordinate contraction. We feel that our

results are not incompatible with those of Lima and

colleagues, for two reasons. First, in our study the rate of ven-

tricular tachycardia was much lower than in Lima’s study, and

it can be assumed that at higher tachycardia rates differences

in blood pressure responses between patients with different

degrees of left ventricular function would be smaller. Second,

differences between the two groups did exist in Lima’s study:

the “impaired left ventricular function” group had a compar-

able blood pressure response but at a significantly lower

tachycardia rate (193 v 235 beats/min).

Catecholamine release during ventricular tachycardia
The peripheral responses to sustained ventricular tachycardia

consist of two phases4–7 13 16:

• a rapid initial phase, which comes into play during the first

30 seconds of ventricular tachycardia; this phase is probably

mediated by arterial baroreflexes and results in stimulation

of α adrenoreceptors

• a more gradual, catecholamine dependent response, involv-

ing not only α mediated vasoconstriction, but also “central”

β adrenergic positive inotropic stimulation.

In response to any physiological stress, liberation of catecho-

lamines occurs into the circulation. Although the significance

of catecholamine activation during ventricular tachycardia is

well established, previous studies have yielded contradictory

results.4–8 They showed increases in adrenaline or noradren-

aline alone,4–6 in both catecholamines,7 or in neither.8 The main

reason for this discrepancy appears to be the variable use of

cardioversion as a means of tachycardia termination.8 For this

reason it was our aim to examine the neuroendocrine

response to ventricular tachycardia without the confounding

effects of sympathetic stimulation post-cardioversion. We used

rapid ventricular pacing, which produces equivalent haemo-

dynamic changes to spontaneous or induced ventricular

tachycardia,12 and can be immediately terminated without

overdrive pacing or external countershock.
We report significant increases in both catecholamines in

both groups of patients. Such increases were evident at the
fifth minute after the onset of tachycardia and returned to
baseline values by the 10th minute post-termination of
pacing. We believe that our results add to the current
understanding of the haemodynamic response to ventricular
tachycardia because—in contrast to previous reports4–8—first,
all our study patients were in a drug-free state, and
particularly were off amiodarone and β blockade; second,
apart from differences in left ventricular function which were
present by study design, all our patients were carefully
selected to form a population with relatively uniform charac-
teristics; and third, the use of rapid ventricular pacing as a
simulator of ventricular tachycardia not only obviates the need
for cardioversion, but also confers identical tachycardia char-
acteristics, namely the heart rate and site of origin.

Our study also addressed the relation between left
ventricular function and the magnitude of catecholaminergic
activation during ventricular tachycardia. We report signifi-
cantly higher plasma noradrenaline concentrations in patients
with impaired left ventricular function. Patients with heart
failure have increased adrenergic nerve outflow and raised
plasma noradrenaline.17 18 More importantly, during compar-
able levels of exercise, much greater increases in circulating
noradrenaline have been reported in patients with heart fail-
ure than in normal subjects.19 Our study indicates that a simi-
lar phenomenon may occur as a result of hypotension caused
by ventricular tachycardia.

The lack of significant differences in plasma adrenaline
between our two groups is more difficult to explain. It can be
postulated that, as a response to ventricular tachycardia, the
adrenal medulla is activated to a similar extent in patients

Figure 3 Plasma catecholamine
concentrations (pg/ml) (at the first,
fifth, and 10th minute of simulated
ventricular tachycardia, and the first,
fifth, and 10th minute
post-termination), in patients with
normal left ventricular function (filled
circles) and impaired left ventricular
function (empty circles). *Significant
difference between the two groups
(p < 0.05). (A) Plasma adrenaline. (B)
Plasma noradrenaline. LV, left
ventricular; p, post.
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with varying left ventricular function, and hence that the

plasma adrenaline concentrations are comparable. In contrast,

the more pronounced rise in plasma noradrenaline during

ventricular tachycardia in patients with poor left ventricular

function may be the result of an increased release20 and a

reduced uptake21 of noradrenaline from adrenergic nerve end-

ings, and its consequent spillover into the plasma.

Study limitations
Some limitations to our study are apparent. First, it was

performed with the patients in the resting, supine position;

thus our findings may not apply to patients with an episode of

sustained ventricular tachycardia in the erect position or dur-

ing exercise. Second, pacing was undertaken at relatively low

rates, because it was felt that rapid pacing at higher rates

would have increased the risk of induction of ventricular

fibrillation. Third, the effects of rapid atrial pacing were not

examined. It would have been interesting to compare the

neuroendocrine response during atrial and ventricular tachy-

cardia at identical rates. Fourth, our study examined only the

plasma catecholamines, as they have a central role in the neu-

rohumoral reflexes during ventricular tachycardia. However,

other substances, such as atrial natriuretic factor, brain

natriuretic factor, dopamine, and cortisol, may also be

involved.5 6 The effects of these agents during ventricular

tachycardia have not been well established and should be the

subject of future research. Finally, only patients with dilated

cardiomyopathy were examined. However, the haemodynamic

response to ventricular tachycardia may be different in

patients with segmental wall motion abnormalities caused by

previous myocardial infarction.

Clinical significance
In recent years, several trials have indicated that in patients

with a past history of sustained ventricular tachyarrhythmias,

implantable cardioverter-defibrillators offer a better prognosis

than medical treatment.22 More importantly, data from those

studies have shown that the more depressed the left ventricu-

lar function, the greater the benefit from the defibrillator.23 24

These data are being validated in primary prevention trials—

that is, in patients without a history of sustained ventricular

arrhythmias.25 Our results, extrapolated to patients with poor

left ventricular function, provide further arguments in favour

of the prophylactic implantation of cardioverter-defibrillators.

It can be inferred that patients with depressed left ventricular

function are not only at greater risk of having an episode of

sustained ventricular tachycardia, but in that event, they are

also at greater risk of syncope and death. However, further

research is necessary before clinical recommendations can be

made. Furthermore, the effects of vasodilators, β blockers, and

antiarrhythmic drugs—which may alter the haemodynamic

response to ventricular tachycardia—need to be evaluated.

Conclusions
The haemodynamic consequences of sustained ventricular

tachycardia occur through several mechanisms. Our results

indicate that, at relatively low tachycardia rates, the under-

lying state of left ventricular function affects the haemody-

namic response to the arrhythmia. Patients with impaired left

ventricular function have a lower blood pressure during

ventricular tachycardia, despite an exaggerated noradrenaline

release.
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