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THE CONCEPTUAL MODEL OF CARDIAC FAILURE

has changed over the past decades. Heart fail-
ure is now seen as a complex clinical syndrome

under the influence of neurohormones, and release of
cytokines, leading to cardiac remodelling,1,2 a model
also believed to apply to infants and children.3–6 On
the basis of this modified concept, it has proved possi-
ble successfully to develop new therapeutic options.
In addition to digoxin and diuretics, drugs such as
inhibitors of angiotensin-converting enzyme, and beta-
blockers, have now been introduced in the armamen-
tarium of anticongestive therapy in childhood.7–10

Therapy, nonetheless, needs to be adjusted to individual

needs. Several studies in adults have demonstrated
that treatment is best guided by levels of neuro-
hormones, rather than by a clinical approach.11–13

Monitoring of norepinephrine and other neurohor-
mones, however, would be expensive in infants, and
could be distorted simply by the sampling of blood.
We have looked, therefore, for a surrogate marker, one
that is easily accessible and non-invasive. The vari-
ability of heart rate is known to reflect well neuro-
humoral activation, and to correlate with the severity
of heart failure.14,15 An additional advantageous aspect
of the variability of heart rate is its probable stability
over months and years when measured over a 24-hour
period.16 We hypothesized that such variability in
heart rate could be used as a surrogate marker for the
neurohormonal stimulation found in infants with heart
failure due to left-to-right shunting. This concept was
supported by our experience from 6 infants with a
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significant left-to-right shunt, in whom the variability
of the heart rate correlated with improved clinical
signs of heart failure.17

Methods

We included 20 infants seen consecutively, aged
from 3.2 plus or minus 2.5 month, with a range
from 10 days to 9.2 months, and weighing 4.0 plus
or minus 1.31 kilograms, with a range from 2 to 6.3
kilograms, in our retrospective analysis. All infants
were suffering from severe heart failure, with a Ross
score18 of 6 or greater (mean 7.8 plus or minus 1.4) due
to a significant left-to-right shunt. None of the infants
had responded to our standard therapy, consisting of
diuretics such as frusemide, or hydrochlorothiacide,
spironolactone, and digoxin (Fig. 1). Because of the
lack of response, we added propanolol or metoprolol.
Metoprolol was used only in two in infants with
coexisting bronchopulmonary dysplasia.

We had discussed all the infants with our cardio-
surgical colleagues prior to beginning the intensive
medical therapy (Fig. 1). Only those infants were
treated medically, and included in our study, when it
was agreed that immediate surgery would have meant

an increased risk due to prematurity, because the
babies were small for their gestational dates, weighing
less than 2 kilograms, or when further surgery was
deemed impossible, as for example with those await-
ing the second stage of the Norwood procedure. One
of these infants had already been accepted for cardiac
transplantation. The origins of the heart failure were
large ventricular septal defects, aorto-pulmonary
shunts after the first stage of the Norwood procedure,
or simple or complex atrioventricular septal defects
with left-to-right shunts.

Following our standardized protocol (see also Fig. 1)
for infants with heart failure, we recorded daily the
weight, respiratory rate, heart rate, blood pressure,
drinking behaviour described by nursing staff, fluid
intake, and additionally recorded one electrocardio-
gram each week, along with echocardiography, and a
24-hour electrocardiographic monitoring. The change
of mean daily weight gain, heart rate and respiratory
rate were used as parameters for improvement of
heart failure. The data were collected from the daily
charts for a period of 72 hours starting with the
Holter electrocardiogram. The first recording was
made prior to starting beta blockade, and repeated
after at least 10 days of beta blockade, with a mean
of 20.6 plus or minus 15 days, and a range from 10 
to 54 days. The dosage of beta blockade should have
reached at least 1.5 milligrams per kilogram per day.

The 24-hour recordings were analysed with a
pathfinder 710 (Reynolds, Hertford, UK), software
version 7,520. The acquired data had to be of high
quality in leads I and II. The parameters analysed
included ones relevant to the sympathetic system,
such as the standard deviation of all RR-intervals
over 24 hours, and the standard deviation of the
means of all RR-intervals for all 5 minute segments
of the analysis, and parasympathetic ones, such as
the square root of the mean of the sum of squares of
differences between adjacent RR-intervals over the
length of the analysis, and the amount of adjacent
RR-intervals that are greater than 50 milliseconds
for the whole analysis.16 The parameters were analysed
in a multivariant analysis, taking a p value of less
than 0.05 as significant, using the commercially
available program SPSS 9.0 (SPSS, Inc., Chicago, IL,
USA). We used the Mann–Whitney test to compare
the different parameters, as well as weight gain, res-
piratory rate and heart rate before and during beta
blockade (Prizm 4.0; GraphPad Software, San Diego,
CA, USA).

Results

Clinical parameters
All infants improved clinically after a period of at
least 10 days on beta blockade, and were then able
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No therapy
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no

no

yes

yes

IT � 60/min
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hr � 130/min
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Figure 1.
Flow sheet for treatment of severe cardiac failure in infants with a left-
to-right shunting and pulmonary hyper perfusion. rr: respiratory rate;
weight gain � 5 gr/kg BW/d: weight gain less than 5 grams per kilo-
gram bodyweight per day; hr: heart rate. Ross score – see literature.18
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once more to be breastfed or bottle-fed. This clinical
improvement could be shown by a mean weight gain
of about 37.5 grams each day, a reduction in the
heart rate of 24.2 each minute, and a similar reduc-
tion in the respiratory rate from about 11.6 per
minute (Table 1).

Variability in heart rate
The standard deviation of the means of RR-intervals,
and the standard deviation of the intervals themselves,
showed no correlation with any of the clinical para-
meters (Tables 1 and 2). Neither showed any change
during beta blockade. On the other hand, there was an
increase in the square root of adjacent RR-intervals,
and in the amount of adjacent RR-intervals greater
than 50 milliseconds (Tables 1 and 2). The square root
of adjacent RR-intervals showed a mean increase of
5.6 milliseconds, reaching values of greater than 13
milliseconds in 13 infants, but did not change sig-
nificantly, or not at all, in 5 infants. The value even

decreased in one infant although the clinical para-
meters improved (Fig. 2). The number of adjacent
RR-intervals greater than 50 milliseconds increased
by an average of 3743, and doubled in 13 patients
during treatment, but did not show an increase despite
improved clinical parameters in 5 infants. Neverthe-
less, there was a good correlation between the increase
in the square root of adjacent RR-intervals and the
amount of adjacent RR-intervals greater than 50
milliseconds and the gain in weight and decreasing
respiratory rate (Table 2, Fig. 3). The introductions
of beta blockade to our standard treatment of heart
failure led to an improved weight gain, as seen in
Figure 3.

No infant suffered any serious side effects, became
severely bradycardic, or needed any other additional
intervention. The initial planned increase of the dose
of beta-receptor blockade had often to be delayed
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Figure 2.
The change of the square root of adjacent RR-intervals and the gain
in weight in all infants studied, with the individual values con-
nected before (�) and after at least 10 days (�) of beta blockade.

Table 1. Heart rate variability, weight gain, heart rate and respiratory rate before and after at least 10 days of beta receptor blockade.

Before During

Mean SD Range Mean SD Range p

SDNN (ms) 41.4 �31.1 22–62 41.3 �15.4 22–87 0.49
SDANN (ms) 35.1 �15.8 18–74 35.8 �14.2 18–74 0.44
sNN50 975.7 �1621 131–5680 4719 �8180 131–25569 0.026
rMSSD (ms) 13.0 �5.6 9–55 18.5 �11.3 9–55 0.027
Weight gain (gram/day) �1.2 �16.9 37.6 �21.8 �0.0001
Respiratory rate (l/min) 64.2 �12.6 52.6 �10.4 0.003
Heart rate (l/min) 145.5 �13 121.3 �12.2 �0.0001

Parameters measures: SDNN: the standard deviation of all RR-intervals over 24 hours; SDANN: the standard deviation of the means of all 
RR-intervals for all 5 minute segments of the analysis; sNN50: the amount of adjacent RR-intervals that are greater than 50 milliseconds for the
whole analysis; rMSSD: the square root of the mean of the sum of squares of differences between adjacent RR-intervals over the length of the analysis;
SD: the standard deviation of the mean

Table 2. Correlation between the different parameters and
respiratory rate, weight gain, and heart rate of all infants 
before and during beta receptor blockade.

Respiratory rate Weight gain Heart rate
(l/min) (gram/day) (l/min)

SDNN (ms) 0.14 0.24 0.09
SDANN (ms) 0.44 0.4 0.28
sNN50 0.02 0.004 0.08
rMSSD (ms) 0.01 0.01 0.27

Heart rate variability parameters: SDNN: standard deviation of all 
RR-intervals over 24 hours; SDANN: standard deviation of the 
means of all RR-intervals for all 5 minute segments of the analysis;
sNN50: the amount of adjacent RR-intervals that are greater than 
50 milliseconds for the whole analysis; rMSSD: the square root of 
the mean of the sum of squares of differences between adjacent 
RR-intervals over the length of the analysis 
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due to age-corrected borderline arterial blood pres-
sure. One infant was subsequently removed from the
transplant list, and was thriving and drinking on her
own. No infant had any problems during or after
subsequent cardiac surgery.

Discussion

Congestive heart failure in infants is often due to
pulmonary hyper circulation and a reduced systemic
circulation. The aim of treatment is to provide car-
diac compensation and to both improve and prolong
the quality of life. This aim is best achieved in
infants with left-to-right shunting by either catheter
intervention or cardiac surgery. Medical treatment is
often used, nonetheless, to stabilize such infants until
cardiac surgery or catheter intervention becomes
possible, or until the shunt diminishes with age. All
the infants included in our study were not initially
suitable for cardiac surgery or catheter intervention,
so medical therapy was started as described previ-
ously.19 The positive influence of such medical ther-
apy on clinical signs of heart failure has previously
been shown in large trials conducted in adults.20–23

In adults, the severity of congestive heart failure has
shown a good correlation with neurohumoral stimu-
lation, variability in heart rate, and outcome.20,21

In infants the variability in heart rates is also known
to have a good correlation to the grades of the classi-
fication system devised by the New York Heart
Association.15 Our aim was to show that medical
intervention could translate into an improved clini-
cal picture, as judged by the variability in heart rate,
a sign of reduced neurohumoral stimulation, which
is known to be associated with a better outcome.11–13

We opted against possible treatment with an inhibitor
of angiotensin-converting enzyme, as some evidence

points against their use in the setting of left-to-right
shunting, and no controlled trial exists to support
their use.7,24 None of the infants had improved whilst
being treated with our basic schedule, but did so 
after we added the beta blocker. In most infants, 
the parasympathetic variability of heart rate also
improved during beta blockade, as described previ-
ously.25,26 The standard deviation of all RR-intervals,
and the standard deviation of the means of the RR-
intervals, the sympathetic parameters, did not change.
This finding has been described previously; though no
explanation was given.25,27 We speculate that initial
sympathetic over stimulation, and later the effective
beta blockade, might prevent any change in the sym-
pathetically controlled variability of heart rate.

The increased square root of adjacent RR-intervals,
and the amount of adjacent RR-intervals greater than
50 milliseconds, correlated with an improved clinical
condition. A few infants, nonetheless, improved clin-
ically without a significant increase in these parame-
ters. This could be due to continuing insufficient
suppression of the sympathetic or the neurohumoral
system. Increasing the dosage of beta blockade above
that used in our protocol might have led to greater
suppression. In a prospective study, defining the
improvement in the variability in heart rate, and
correlating this with the clinical improvement, might
address this. During such a study, it might also be
possible to prove that the changes of the variability
in heart rate in infants would stay stable over time,
as suggested by studies in adults in congestive heart
failure or after myocardial infarction.28,29 Buchhorn
et al.19 also showed an improvement in variability of
heart rate comparing digoxin and diuretic therapy
with additional beta blockade.

Our retrospective study was able to show that
parasympathetic variability in heart rate with reduced
neurohumoral stimulation correlated with improved
clinical condition, and a good overall outcome, in
our infants with significant left-to-right shunting.
Hence, the parameters are useful to support clinical
impressions in the ambulatory setting, since they
reflect the neurohumoral status.
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Figure 3.
Comparison of gain in weight and the square root of adjacent RR-
intervals for all infants before and during beta receptor blockade.
All values are shown before (�) and after at least 10 days (�) of
beta blockade.
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