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Abstract
Aim—To examine the incidence and natu-
ral history of left ventricular hypertrophy
(LVH) associated with the shorter 2–3
week course of dexamethasone, now more
usual, for chronic lung disease.
Method—Thirty one infants, gestational
age 23–34 (median 26) weeks, birthweight
500–2054 (median 815)g, received dexam-
ethasone, starting at 0.4–0.6 mg/kg/day, at
a median of 11 days of age (range 2–34),
weaning over a period of 2–3 weeks. Eigh-
teen preterm neonates were studied as
controls over a similar time period. Serial
echocardiographic measurements of end
diastolic interventricular septum (IVSd)
and left ventricular posterior wall
(LVPWd) thicknesses were taken before,
and up to 48 days after, starting dexam-
ethasone. Maximum Doppler blood flow
velocities from the left ventricular outflow
tract (LVOT) were measured.
Results—Left ventricular hypertrophy
(LVH) occurred in 29 babies (94%). Me-
dian hypertrophy of the IVSd in those
receiving dexamethasone was 67% and
LVPWd 56% of baseline measurements,
significantly greater than control infants
(p<0.001). LVH appeared by a median of
three days, peaking by amedian of 10 days.
All resolved by a median of 27 days. LVOT
obstruction was not seen. There was no
significant correlation with birthweight,
gestation, blood pressure, or glucose toler-
ance.
Conclusions—LVH developed in almost all
preterm neonates receiving a 2–3 week
course of dexamethasone, but was of little
clinical importance and always resolved.
Echocardiography is probably not re-
quired routinely in infants receiving such
short course dexamethasone for chronic
lung disease.
(Arch Dis Child Fetal Neonatal Ed 1998;78:F133–F137)
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Dexamethasone is a very eVective treatment for
weaning preterm infants with clinically signifi-
cant lung disease from the ventilator.1 2 How-
ever, it is not without side eVects. Early reports
of 6 week regimens suggest clinically significant
cardiac eVects, particularly thickening of the
wall of the left ventricle—left ventricular
hypertrophy (LVH)3 4—which can lead to
symptomatic left ventricular outflow tract
obstruction (LVOT). This led to the
recommendation that infants receiving dexam-

ethasone should undergo regular
echocardiography.4 Despite extensive use of
dexamethasone in neonatal practice over the
past 10 years, little is known about the natural
history of the LVH.
Dexamethasone was originally introduced as

a 6 week course, from 28 days of age, to treat
established chronic lung disease (CLD).1

Courses are now becoming shorter and are
often started earlier, in an attempt to reduce
lung injury and prevent CLD.2 Most units now
use similar doses to those used in the original
trials, but start by the second week of life,
weaning over 2–3 weeks rather than 6.2 Despite
the apparent clinical eVectiveness of early,
short course dexamethasone, little is known
about its side eVects. To our knowledge, the
eVects on the heart of this shorter, earlier
course of dexamethasone have not yet been
studied.
Our aims were to establish whether LVH

occurs with an early, 3 week course of dexam-
ethasone in preterm neonates, in a prospective,
longitudinal study, and to investigate its
incidence, natural history, severity and clinical
importance. We also re-examined recommen-
dations for routine echocardiography.

Methods
The study received local ethics committee
approval. All preterm babies (<36 weeks of
gestation), admitted to two regional neonatal
intensive care units in Leeds ( at Leeds General
Infirmary and St James’s University Hospital),
receiving dexamethasone for lung disease
between May and November 1995, were stud-
ied. As little is known about the changes in left
ventricular morphology in extremely preterm
infants, we also collected data from similarly
aged infants who did not receive dexametha-
sone and who acted as controls. Babies with
congenital heart disease and diabetic mothers
were excluded from the control population.
Basic clinical variables were recorded, in-

cluding measurements of blood pressure,
blood and urine glucose measurements for the
previous 12 hours, carbohydrate intake, insulin
requirements and ventilation and oxygen re-
quirements. Glucose intolerance was defined
as urine glucose of 1+ or greater, BM stix >10
mmol/l, the need to reduce carbohydrate
intake, or use insulin. Dexamethasone was
given at a dose of 0.4–0.6 mg/kg/day, weaning
over 15–23 days in 5–7 day reductions.
A Toshiba 140A scanner was used at Leeds

General Infirmary and a Hewlett Packard
Sonos 100 scanner at St James Hospital. A 7.5
MHZ probe was used in all cases. The exami-
nations were done by one person (RS). Firstly,
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the left ventricle was studied from cross
sectional, parasternal long axis views.Measure-
ments of end diastolic interventricular septal
(IVSd) and left ventricular posterior wall
(LVPWd) thickness, and left ventricular inter-
nal diameter (LIDDd) were taken on M-mode
at the level of the mitral valve leaflets.5

Measurements were averaged for three to five
cardiac cycles. The presence of a patent ductus
arteriosus (PDA) was noted by direct imaging
of the duct and Doppler studies. Serial short
axis views of the left ventricle (LV) were taken
from the level of the mitral valve leaflets to the
apex, to assess the distribution of any LVH—
whether it aVected the ventricle globally,
segmentally, or apically. The left ventricular
outflow tract (LVOT) was visualised on apical
5 chamber views and, where possible, the
maximum velocity (Vmax) was measured using
continuous or pulsed wave Doppler.
Infants who received dexamethasone had a

baseline echocardiograph before the adminis-
tration of dexamethasone, usually within 24
hours. Echocardiographs were then repeated
two to three times a week, for two weeks and
weekly thereafter until measurements either
reached baseline or steady state. Control babies
were examined on days 7 and 28 of life.
Intraobserver error was calculated using the
method of Bland and Altman6 for two factors:
the variability between scans and the variability
between measurements of a single scan. Seven
babies were re-scanned immediately after the
initial scan and 18 scans were re-measured.
This produced good coeYciency of repeatabil-
ity of 0.4– 0.5 mm for measurements of IVSd
and LVPWd and 0.9–1 mm for measurements
of LIDDd.
LVH associated with dexamethasone was

defined as an increase in the thickness of the
wall of the left ventricle (an increase in IVSd or
LVPWd thickness) significantly greater than
that of the control infants (greater than 2
standard deviations from the mean), with a
concomitant reduction in the LIDDd. For
those in whom LVH occurred, the following
were then analysed: the incidence of LVH; its

distribution—whether it aVected the ventricle
globally, segmentally, or apically; and symme-
try in terms of relative thickness of the IVSd
and LVPWd—severity, timing, and ductal pat-
ency. The severity of the LVH was calculated as
the maximum increase in thickness of both the
IVSd and LVPWd from baseline measure-
ments. This was given both as actual measure-
ments and percentage of baseline measure-
ments. Median and interquartile ranges were
calculated. Measurements of infants receiving
dexamethasone were not normally distributed,
so Mann Whitney U tests were used to
compare the increase in IVSd and LVPWd
thicknesses between both groups of infants,
and between baseline and subsequent meas-
urements in each group.
Spearman rank correlation and Mann Whit-

ney tests were carried out on the following
variables to assess for correlation with timing
and severity of LVH: the development of
glucose intolerance; insulin use; day of life ster-
oids were started; sex; gestation; birthweight
and centile. For blood pressure, a correlation
was sought between blood pressure values and
LVH and a Mann Whitney test comparing the
change in left ventricular thickness in infants
with an arbitrary increase of over 10 mm Hg
after starting dexamethasone. Significance was
taken as p<0.05. ASTUTE on Microsoft
EXCEL was used for all statistical calculations.

Results
Thirty one babies received dexamethasone and
were examined over six months. Dexametha-
sone was started at a median of 11 days of age
with a range of 2 to 34 days. The baseline scans
were done at a median of 0 days before starting
dexamethasone (the same day as treatment),
range 0–9 days; 18 control babies were
examined at 7 and 28 days of age. Those who
received dexamethasone were significantly
smaller and more premature than the controls
(table 1).
A slight increase was seen in the thickness of

both the IVSd and LVPWd (table 2) and in the
internal diameter of the left ventricle over the
21 days among the control infants. This was
not significant compared with baseline meas-
urements (p=0.33). Twenty nine of the 31
neonates who received dexamethasone (94%)
developed LVH, according to our definition.
The pattern of the LVH over time is shown in
figs 1 and 2. It was always concentric, with no
preferential thickening of either the interven-
tricular septum or the posterior wall.
Of these 29 infants, three died, two were

transferred out by day 7, leaving 24 in whom
maximal hypertrophy could be assessed. A fur-
ther nine were transferred later, leaving 15 still
available for assessment through to full resolu-
tion (table 3). None died directly as a result of
dexamethasone or LVH. There was no diVer-
ence between the infants transferred and those
who remained.
The maximum degree of LVH in the 24

infants receiving dexamethasone is shown in
table 2. The LIDDd decreased in parallel with
the LVH, with a median decrease of 43%
(range 0–60%). IVSd and LVPWd thickness

Table 1 Demographic details for dexamethasone treated infants and controls (all values
are median (range))

Dexamethasone group (n=31) Controls (n=18)

Gestation (weeks) 26 (23–34) 29* (25–34)
Birthweight (g) 815 (500–2045) 1215* (760–1530)
Age treatment started (days) 11 (2–34)
M:F ratio 23:8 8:10
Centiles 39 (1–80) 33 (5–90)
% inspired oxygen 37 (22–100) 30 (21–70)
Insulin required 4 0

* Mann Whitney, p < 0.01.

Table 2 Severity of LVH in 24 infants receiving dexamethasone and 18 controls (median
and ranges)

Increase in IVSd
mmts (mm)

IVSd (% of
baseline)

Increase in LVPWd
mmt (mm)

LVPWd
(% baseline)

Dexamethasone
Median 1.6* 67%* 1.3* 56%*
Range (1.1–3.1) (26–176) (0.5–2.5) (26–200)

Controls
Median 0.1 3% 0.3 15%
Range (−0.8–1) (−24–37) (−0.7–1.6) (−19–94)

* Mann Whitney p<0.001 compared with controls.
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were significantly greater than baseline meas-
urements on each examination up to 22 days
after starting dexamethasone (p<0.05). The
maximum increase in IVSd and LVPWd in the
group of infants receiving dexamethasone was
significantly greater than the increase seen in
the control infants between days 7 and 28 of
age (table 2).
Three neonates developed very severe LVH

of over 100% of baseline. They were all very
premature (23–28 weeks), growth retarded
(under 3rd centile), and two received insulin.
Timing of development and resolution of the

LVH are shown in table 3. LVH developed very
quickly, usually within two to three days.Maxi-
mum hypertrophy occurred by about 2 weeks,
with resolution often beginning before the dex-
amethasone was fully weaned. Fifteen surviv-
ing infants were followed up throughout the
regional centres. LVH resolved in all of these
infants.
Peak Doppler blood flow velocities (Vmax)

were recorded in 14 neonates in the LVOT

during dexamethasone treatment, with a me-
dian of 0.76 m/s, range 0.42–1.75 m/s. Twelve
babies had a PDA, with a left to right shunt, at
the onset of treatment with dexamethasone.
This remained patent in three by the end of
treatment and in two at death at 3 days of age.
In six the PDA closed at a range of three to 12
days of treatment. Surgical ligation was re-
quired in one baby during treatment with dex-
amethasone.
There were few side eVects. Intestinal perfo-

ration was seen in two infants. None showed
any obvious clinical eVects of the LVH,
although one developed a murmur on day 14,
at the time of her maximum LVH. The Vmax
in the LVOT was 1.75 m/s, with turbulent flow,
but she remained asymptomatic throughout.
Gestational age, birthweight, and the age at

which dexamethasone was started showed no
significant correlation with LVH. Twelve ba-
bies had glucose intolerance that was present
before dexamethasone in five. Four babies
required insulin, two as a continuous infusion
(both started before dexamethasone) and two
as a single bolus. There was no correlation
between timing or severity of LVH and glucose
tolerance. Blood pressure showed no correla-
tion by either criteria used. No control baby
required insulin.

Discussion
The original studies on the use of dexametha-
sone clearly showed a beneficial eVect in wean-
ing infants from the ventilator.1 2 The recom-
mendations were for a six week course, from 28
days of age, for infants with established CLD.
However, earlier courses are now advocated in
an attempt to limit the development of severe
CLD, often seen with more delayed treatment.
Additional concerns regarding adverse eVects
on growth and development2 7 have resulted in
many units changing to a regimen of dexam-
ethasone at around the second week of life,
tapering over only two to three weeks. This has
been shown to be comparable in eVectiveness
with a six week course.2 All previous reports of
cardiac eVects of dexamethasone were on
infants on the original six week or longer
courses from 4 weeks of age. Our study is more
applicable to the present day practice of
shorter, earlier courses.
There are diYculties in tightly defining LVH

in a group in whom there are few standard cri-
teria. We have clearly shown a large, transient,
increase in the thickness of the left ventricular
wall, aVecting both the IVSd and the LVPWd,
that is associated with a decrease in the LIDDd
in infants receiving dexamethasone. This
increase was very obvious on real time
scanning. It contrasts with the control infants
in whom only a very slight increase in the IVSd,
LVPWd was seen, associated with a increase in
the LIDDd. This increase was not significant
and the real time picture seen was very
diVerent. Thus the increase in IVSd and
LVPWd thickness in infants receiving dexam-
ethasone seems to be true hypertrophy (LVH)
rather than normal postnatal growth.
LVH occurred in 94% of infants treated with

dexamethasone. The degree of LVH was very

Figure 1 Measurements of IVSd thickness in infants receiving dexamethasone from the
start of treatment up to 40 days (median and interquartile range).
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Figure 2 Measurements of LVPWd thickness of infants receiving dexamethasone from the
start of treatment up to 40 days (median and interquartile range).
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Table 3 Timing of onset, maximum and resolution of
LVH associated with short course of dexamethasone

Median day Range Number

Onset 3 2–6 29
Maximum 10 2–25 24
Resolution 26 14–39 15
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similar to that seen by Werner3 and Evans4 in
infants receiving a six week course, although
Bensky8 found a smaller eVect with an increase
of only 15–20 %. The distribution is diVerent
from that seen in other conditions. In familial
hypertrophic cardiomyopathy (HCM) and
infants of mothers with diabetes, the hypertro-
phy usually aVects the septum, rather than the
left ventricular posterior wall9 10 and in HCM
the ventricle may also be aVected in isolated
segments, especially apical. Our results agree
with those of Israel11 and Bensky8 that the LVH
associated with dexamethasone seems to be
more uniform, aVecting the septum and free
wall to an equal extent.
The appearances of the heart change quite

dramatically and quickly after starting dexam-
ethasone. Maximal LVH usually developed by
the end of the second week, with resolution
often beginning during weaning of the dexam-
ethasone. About half of our infants either died
or were transferred back to their referring hos-
pital before full resolution could be deter-
mined. The LVH in the infants who died was
comparable with that in the rest of the group
and there is no reason to suspect that the reso-
lution of LVH of those transferred back to base
hospitals would be any diVerent from those
infants in whom full follow up was possible.
Our finding supports those of Israel11 in that
shortening the treatment produces more rapid
reversal of changes.
The first description of LVH associated with

steroids in preterm neonates appeared in
1990.12 Four babies developed severe LVH
after a six week course of dexamethasone.
Three developed clinically significant left
ventricular outflow tract obstruction. Since
then a further eight reports have recorded
LVH, in a total of 57 babies, receiving 0.5–1
mg/kg day of dexamethasone, reducing over six
weeks or longer.3 4 8 11–15 These reports have
either only reported infants with LVOTO,12–15

or have quoted an incidence of up to 18% of
those studied,4 8 often referring to infants with
turbulent flow in the LVOT, or maximum
blood flow velocities of more than 2 m/s.
Despite quite considerable LVH, we saw no
real left ventricular outflow tract obstruction
(LVOTO) with our shorter course. Although
the normal ranges of maximum blood flow
velocities are not known for this group of pre-
term infants, they were always within usually
accepted normal ranges. Despite a similar
starting dose, shorter courses of dexametha-
sone do not seem to produce the same eVect on
the outflow tract, and the severity of LVH
seems to be related to the duration of
treatment. Lower doses have not been studied,
so we do not know whether a lower starting
dose would cause even less LVH, with similar
clinical benefits.
There was no significant correlation between

LVH and gestation, birthweight, age at which
dexamethasone was started, blood pressure,
hyperglycaemia or insulin use. However, three
infants developed a particularly large increase
in the thickness of their IVSd and LVPWd, of
over 100% of their baseline measurements.
These were very small infants—two received

insulin—suggesting a link between insulin
treatment and dexamethasone associated LVH.
Small numbers may explain the lack of a
significant diVerence between those who re-
ceived insulin with dexamethasone and those
who received dexamethasone alone. It is still
possible that a small high risk group of preterm
infants exists for LVH with dexamethasone.
Starting the dexamethasone did not have any
obvious eVect on the PDA.
What, then, is the possible mechanism of the

LVH associated with dexamethasone treat-
ment? It does not seem to be directly related to
systemic or pulmonary hypertension.4 In pre-
term infants LVH has also been described in
association with CLD.16 The mechanism is
thought to be secondary to raised pulmonary
artery pressure that is attendant on unrecog-
nised hypoxia.17 However, the LVH seen in
infants receiving dexamethasone appears much
more quickly than with CLD or hypoxia and
resolves very rapidly on weaning the dexam-
ethasone.
LVH is also seen in conditions with abnor-

mal glucose or insulin metabolism.18–20 The
natural history of LVH associated with dexam-
ethasone suggests a direct eVect on the heart
through these pathways. At a cellular level, car-
diac hypertrophy usually results from hypertro-
phy of the myocytes, rather than division, by
the synthesis of various intracellular cardiac
proteins, rather than deposition of substances
within the cell.21 Synthesis of such cardiac pro-
teins can occur within 48 hours of an appropri-
ate stimulus on cardiac receptors. This timing
correlates well with the speed of LVH seen after
starting dexamethasone treatment. Stimuli
known to lead to myocyte hypertrophy in vivo
and vitro include stretch, hypertension,
adrenaline, endothelin, insulin and IGF1.21

IGF1 can directly stimulate skeletal muscle
growth.22 In adult myocytes stretch and in-
creased work is usually thought to be the
stimulus for LVH. However, in neonates
stimulation of cardiac insulin and IGF1 recep-
tors seem to be more important. The density of
IGF1 and insulin receptors are at their highest
in neonates and preterm infants and decrease
during infancy.22–24 An eVect of dexamethasone
through IGF1 or its receptors directly on
cardiac myocytes would explain entirely the
dexamethasone induced LVH. Insulin will act
on the heart in addition to the dexamethasone,
and this may explain the greater degree of
hypertrophy in those infants receiving insulin.
In conclusion a short two to three week

course of dexamethasone produces a transient
LVH in almost all infants. The clinical eVect
seems to be less severe than with a six week
course and as such we would not recommend
routine echocardiography of all infants receiv-
ing dexamethasone. LVH associated with short
courses of dexamethasone seemed to be
relatively benign, but caution should still be
exercised, particularly in very small neonates
receiving insulin, as no long term data are
available. Further studies are required more
fully to understand the cause and variability of
this LVH and its risk factors and long term
prognosis. These could be combined with fur-
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ther work to ascertain the most eVective and
lowest dose of dexamethasone for infants with
CLD.
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babies.
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