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Growth retardation after dexamethasone
administration: assessment by knemometry

Alan T Gibson, Richard G Pearse, Jeremy K H Wales

Abstract
Knemometry has been used to measure
lower leg growth during 32 nine day
courses of dexamethasone in 26 babies
ranging from 24 to 32 weeks' gestation at
birth. Mean leg length velocity was 0-37
mm/day in the 10 days before steroids.
Administration of dexamethasone was
associated with a decrease in velocity in all
babies, and in 15 leg shortening was docu-
mented. Mean leg length velocity during
steroid treatment was -0 003 mm/day.
After the course of dexamethasone was
completed there was an immediate
increase in leg length velocity to a mean of
0*52 mm/day over the first 10 days then
falling to a value similar to the growth
velocity observed before treatment. Leg
length had reached the value predicted by
growth before steroids about 30 days after
dexamethasone. The reduction in leg
length velocity occurred despite a signifi-
cant increase in energy intake and
decrease in oxygen requirements.
(Arch Dis Child 1993; 69: 505-509)
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Knemometry is a method of linear growth
assessment that utilises precise measurement
of knee-heel length with a purpose built
measuring device. The technique was first
described in young children,1 and the device
has been well validated in this age group.2 3 A
neonatal knemometer was first described in
1988,4 and detailed evaluation has been
published.5 The neonatal device allows fre-
quent measurements of leg length, while
causing minimal disturbance in even the
sickest and smallest ofpremature babies, and is
ideal for the assessment of factors that may
influence growth in this age group.

Bronchopulmonary dysplasia is an import-
ant and frequent complication of neonatal care

that has been associated with impairment of
normal growth. Sauve and Singhal,6 in a follow
up study of 179 babies with broncho-
pulmonary dysplasia, showed weight, height,
head circumference, and arm muscle area
measured at 4, 8, and 12 months and yearly
until 8 years, to be significantly lower than in
gestational age and year of birth matched
controls. Lindroth and Mortensson found that,
although length and weight were signifieantly
lower at 2 years, complete catch u'p had
occurred by 6 years of age.7 A different view
has been expressed by Sell and Vaucher8 and
Bozynski et al,9 who have suggested that the
difference in growth attributed to broncho-
pulmonary dysplasia is no longer apparent if
the growth rates are corrected for birth weight.

The interaction of growth and broncho-
pulmonary dysplasia remains uncertain, as
does the means by which bronchopulmonary
dysplasia might influence growth. Yeh et al
found a significantly lower energy intake
(405 5 v 526&7 kJ (97 v 126 kcal)/kg/day)
and increased energy expenditure (3302 v
244*5 kJ (79 v 58-5 kcal)/kg/day) in babies with
bronchopulmonary dysplasia. 10 In contrast,
Kurzner et al found no difference in energy
intake, but suggested that increased oxygen
consumption (determined by indirect calori-
metry) identified those babies with broncho-
pulmonary dysplasia who failed to grow. "l
Improvement in respiratory status, however,
while reducing the work of breathing, is
not associated with a decrease in oxygen
consumption or energy expenditure.12
One other possible contribution to growth

impairment, which has not been considered, is
the impact of steroids administered for treat-
ment of the bronchopulmonary dysplasia.
Steroids have been shown to impair normal
growth in children ,13 and there is evidence
that long term dexamethasone may impair
growth in babies.'4 15 Yeh et al, using dexa-
methasone within 12 hours of birth and con-
tinuing for a total of 15 days, showed
significant reduction in weight gain in treated
babies compared with controls over the first
four weeks after birth, becoming similar by six
weeks.'6 Cummings et al showed that more
babies receiving steroids had lengths below the
5th centile at 6 and 15 months than did
untreated controls.17 The differences were not
statistically significant, but numbers were
small.
Knemometry allows the evaluation of short

term changes in growth, and we have therefore
assessed the acute effect of dexamethasone on
growth using this technique.

Methods
Knemometry is performed routinely on all
babies admitted to our neonatal unit. Both legs
are measured within 24 hours of birth where
possible and at two to three day intervals there-
after. Measurements are made with the
observer blind to previous measurements that
have been made on any individual baby and
are stored unexamined until after the baby has
been discharged. At this point, measurements
are retrieved and the neonatal notes obtained.
A detailed record of the baby's admission to
the neonatal unit is compiled, and all informa-
tion including a drug history is entered onto a
computer database.
For this study, information was extracted

from the database on all babies who had
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received dexamethasone for the treatment of
prolonged oxygen dependency. Our initial
regimen for treatment with dexamethasone is
to use a nine day course of 0-2 mg/kg three
times a day. If there is a subsequent relapse, a
second course is given with the same starting
dose, but then reducing to a twice daily
regimen after three days and once daily after
six days. Some babies who show particular
steroid sensitivity may continue to have a
reducing course for several weeks, and in some
babies alternate day steroids are used. This
study includes data from babies who had
received dexamethasone for nine days by either
full dose or reducing course. Babies who had
already received one course of steroids were
included for a second period of analysis
providing that the previous course had been a
minimum of three weeks earlier.

For those babies who fulfilled these criteria,
mean leg length was recorded for the duration
of the admission and mean daily oxygen
requirement was calculated from the intensive
care records. In a small number of babies, low
flow oxygen was given by nasal cannulae. As a
predictable relationship between flow and
inspired oxygen concentration does not seem
to exist, oxygen data from these babies have
not been included. All babies were monitored
by pulse oximetry, and the inspired oxygen
concentration modified to maintain oxygen
saturation in the range of 94-98%. Data were
also collected on all intravenous and oral
fluids and any energy supplements used.
From these values, the daily energy intake was
calculated using the manufacturers' data for
proprietary feeds, supplements and intra-
venous nutrition and, where breast milk was
given, using the values for mature breast milk
given by the Department of Health and Social
Security. 18
To allow analysis of the data, the study was

divided into three 10 day periods - before,
during, and after the course of dexamethasone
- starting on day 0. Complete data were
obtained for all babies for these three periods.
In 19 babies data were also available for a
further 20 days. Within each of these time
periods, linear regression analysis of all the
measurements of leg length was performed to
gain an estimate of leg length velocity, and
inspired oxygen and energy intake was
calculated. Comparison of these periods was
made by paired t tests and confidence interval
analysis. Analysis was performed using the
Statsview and CIA packages.

Results
Over an 18 month period, 26 babies fulfilling
the inclusion criteria received a total of 32
courses of dexamethasone. Twenty babies
received one nine day course and six babies
two nine day courses at least three weeks apart.
Details of the babies are given in table 1.
Each of the individual responses to adminis-

tration of dexamethasone is shown in fig 1. In
every baby there is a decrease in leg length
velocity and, in 24 of 32, this decrease is more
than 50% of the pretreatment velocity and in

Table 1 Details of babies receiving dexamethasone

Gestational age (weeks)
Birth weight (g)
Age when dexamethasone
commenced (days)

Weight when dexamethasone
commenced (g)

(0

E
E
.5Z
0
0

a,
c
0a)
0)
-j

Mean

27-4
996

39

1472

Range
24-32
625-1515

11-149

705-2950

Before During Aft(

Figure 1 Individual responses to administration ofdexamethasone.

E
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CD0)
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Age (days)
Figure 2 Apparent decrease in leg length duringdexamethasone administration.

18 it is more than 75%. In 15 babies, leg length
velocity attained a negative value, implying
actual shortening of the limb.
Measurements of both legs in a 27 week

gestation baby receiving dexamethasone are
shown in fig 2, and clearly show the reduction
in leg length in this individual. Over the same
period of time, weight remained constant. As
these observations were made with the
observer blind to previous measurements and
with no knowledge of the length of the oppo-
site leg on the same day, there is no doubt that
shortening is a real phenomenon.

In the period after dexamethasone, leg
length velocity increases and in 24 of the
babies is higher than in the period before
dexamethasone was administered. Five of
the babies were ventilated at the time that
dexamethasone was given and six were receiv-
ing a reducing course. The response in these
babies was no different from that seen in
those receiving a full course of dexametha-
sone, and thus all results have been
considered together.
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-lOto -1 Oto8 9to 19 20to40
31 31 31 19

0-367 -0 003 0-518 0-345
0-292 to 0-442 -0-081 to 0 075 0-455 to 0-58 0-231 to 0 459

Table 3 Comparison of leg length velocity before, during,
and 1-10 and 11-30 days after dexamethasone;
comparison by paired t test and confidence interval analysis

Difference 95% Confidence
Periods compared (mmAday) intervals

Before v during -0-37 -0-28 to -0-46
During v after 0-52 0 43 to 0-62
Before v after 0-15 0-06 to 0-24
After v late -0-16 -0-02 to -0-29
Before v late 0-05 -0-05 to 0-15

E

E
01
CD

ca

0)
a)
C

._
C4a

E
0

t-

20

10
Dexamethasone

Days
Figure 3 Combined data: mean (SEM) increment in leg
length from the 1Oth day before dexamethasone given
(dotted line represents the continuation of the growth line
before dexamethasone).

The velocities for these three periods and for
a further 20 day period are given in table 2 and
statistical comparisons in table 3.

Figure 3 shows the changes in leg length for
all babies, expressed as the increment in mm
from the length 10 days before dexamethasone
was started. The effect of dexamethasone on

leg growth is clearly seen. After dexamethasone
is stopped, there is an initial increase in
velocity that is not sustained. The dotted
line superimposed on this graph is the linear
regression line of the points before the admini-
stration of dexamethasone. Comparison of the
actual measurements made against this line
suggests that the leg length will have reached
the value predicted from growth velocity
before steroids by around 30 days after the
steroids were given. The data do not extend
sufficiently far beyond this point to comment
on longer term progress.

Figure 4 shows the daily increase in weight
over the same time period. After dexametha-
sone is commenced there is an immediate
reduction in lower leg growth, but weight gain
continues at the same rate for three days before
starting to decrease. As soon as dexamethasone
is stopped, there is a rapid increase in weight so

that it rises above the pretreatment prediction
line within six days of stopping dexamethasone
and continues to rise above the line throughout
the study period.
These changes in length and weight

occurred despite an apparent improvement in
respiratory status, as indicated by a reduction
in the inspired oxygen, and despite an
increase in the energy intake. Mean inspired
oxygen was 39-8% in the 10 days before
dexamethasone, falling to 33 1% during dexa-
methasone, and 31-2% in the 10 days there-
after. Average daily energy intake rose from
468-2 kJ (112 kcal) kg/day before dexametha-
sone to 551-8 kJ (132 kcal) kg/day during,
and remained at 543-4 kJ (130 kcal) kg/day
thereafter.

Discussion
The data presented here clearly show that
administration of dexamethasone is associated
with an immediate disturbance of lower leg
growth, which may be manifest as a reduction
or cessation ofnormal growth or even as actual
limb shrinkage. This persists throughout a nine
day course of dexamethasone and occurs
whether the baby is ventilated or breathing
spontaneously, and whether the baby is receiv-
ing a full or reducing course. There may be a
difference in the response to the different
regimens, but there were insufficient babies in
this study to attempt comparison. After dexa-
methasone is stopped, there is an immediate
increase in leg length velocity to a value higher
than that seen before steroids. This catch up
persists for about 10 days, after which the
velocity returns to that seen before steroids.
Data from the period after dexamethasone
suggest that the leg length will have returned to
the level predicted from pretreatment velocity
by around 30 days. The immediate decrease in
leg length velocity occurs despite a significant
increase in energy input and a significant
reduction in oxygen requirements, while the
increase in velocity after treatment occurs
while oxygen requirements and energy input
remain unchanged. It would thus appear that
dexamethasone causes a highly significant
disturbance of normal growth that cannot be
explained by changes in energy input or oxygen
requirements.

1500 _

n 1000 _
.' Dexamethasone

-C,

m 500

"-10 0 10 20 30 40
Time (days)

Figure 4 Combined data: mean (SEM) weight increase
from the 10th day before dexamethasone given (dotted line
represents the continuation of the growth line before
dexamethasone).

Table 2 Average leg length velocites before, during, and 1-10 and 11-30 days after
dexamethasone

Study period

Before

Days
No
Mean leg length velocity

(mm/day)
95% Confidence intervals

During After Late
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The reduction in oxygen requirements
during treatment is as would be expected from
the controlled trials of dexamethasone in bron-
chopulmonary dysplasia.'9-21 The increase in
energy input during and after dexamethasone
treatment was an interesting finding, as we do
not have an active policy of fluid restriction in
babies with bronchopulmonary dysplasia or of
energy supplementation during treatment with
steroids. Review of the charts suggested that
the increased energy input was partially due to
an increase in energy supplements for poor
weight gain and partially due to the babies
receiving larger volumes of feed, although total
volume prescribed was not deliberately
changed. Nursing staff who care for these
babies have suggested that this may be due to
the babies becoming more irritable while
receiving dexamethasone and being offered
extra feed to try to pacify them.
Assuming that growth before dexametha-

sone would have continued at the same veloc-
ity had steroids not been administered, a short
course does not seem to influence growth
potential, as a growth spurt after the course has
finished eventually restores the leg length to
the value that would have been predicted from
presteroid growth. Similar changes in weight
and fibula length have been reported in infants
receiving corticotrophin (ACTH) for treat-
ment of retinopathy,22 but there are no other
comparable short term measurements of linear
growth. Measurements of weight change have
shown an initial decrease in weight gain
followed by catch up to bring the weight to
levels measured in controls within a relatively
short period of time.14 16 20 At one year follow
up eight infants who received a three week
course of dexamethasone had similar bone
ages, weight, height, and head circumference
to control babies.23 The data that we have
presented here suggest that there may be a dis-
proportionate alteration in weight gain and
linear growth after dexamethasone, and care
should be taken in interpretation of claims
of adequate growth based solely on weight
measurements.
The most interesting observation made in

this study is the leg shortening seen in almost
half of the babies studied. We believe this to be
a genuine observation, as it arises from
multiple measurements on a number of dif-
ferent babies recorded by an observer blind to
the previous measurements. This is unlikely to
be due to a loss of soft tissue fluid, as, in
studies on other babies, we have observed loss
of very substantial amounts ofweight (as much
as 300/o of body weight in one baby with
hydrops) without a significant change in leg
length. Measurements made on individual
babies have shown that marked limb shrinkage
may occur without any concomitant decrease
in weight. Furthermore, comparison of the
overall trends in leg length and weight show
that a simple relation between leg length and
weight does not occur. Steroids are well known
to reduce growth in older children, and
decreases in leg length have been observed in
association with periods of ill health and
steroid treatment in older children,3 and

have been postulated to be due to postural
compression of non-growing cartilage. This
cannot, however, explain the phenomenon
demonstrated in these babies who are nursed
horizontally.
The effect that dexamethasone has on linear

growth is probably multifactorial. Adminis-
tration of dexamethasone has been shown to
increase protein catabolism from nitrogen
balance studies24 and by measurement of
amino acid profiles.25 This may be com-
pounded by a state of relative protein malnutri-
tion in babies with bronchopulmonary
dysplasia and growth failure.26 An increase in
catabolism in our study would to some extent
be offset by the increased energy intake
measured.
An alteration of energy expenditure as a

result of steroid administration could have
some part in the observed effect, as increased
work of breathing, increased oxygen consump-
tion, and increased energy expenditure are
features of infants with bronchopulmonary
dysplasia.'0 2627 Treatment with dexametha-
sone has been shown to result in improved
respiratory mechanics and decreased work
of breathing,28 but improving respiratory
mechanics may not necessarily decrease
oxygen consumption.12 An improvement in
respiratory mechanics is unlikely to account for
much of our observation, as growth decreased
as respiratory function improved, then
increased while respiratory function was stable.
Dexamethasone may have an additional

effect by influencing the endocrine control of
perinatal growth. It has been hypothesised that
fetal and infantile growth is predominantly
determined by insulin and insulin-like growth
factors,29 and the importance of growth
hormone has been clearly demonstrated.30
Dexamethasone enhances insulin-like growth
factor-i (IGF-1, somatomedin C) activity in
human fibroblast culture,3' but in children has
been shown to decrease IGF- 1 activity without
an associated change in concentration.32 In
addition, dexamethasone has been shown to
modulate the activity of epidermal growth
factor.33 Growth hormone concentrations were
suppressed in babies born to mothers who had
received antenatal steroids, but the initial
low values were followed by a rise to concen-
trations higher than those seen in controls
whose mothers did not receive steroids.34
Whether any of these endocrine changes
contribute to the observed effect of dexa-
methasone is unclear, but these studies show
that hormonal effects are possible.
The shrinkage of the limb that we have

observed may be explained by a potent effect of
dexamethasone on the growth plate. In vitro
studies on condylar cartilage from mice have
shown that dexamethasone causes a very rapid
decrease in DNA and protein content and
protein synthesis. Control condyles showed a
steady growth, whereas those exposed to
steroids exhibited pronounced shrinkage and
degeneration of existing cells.35 The human
growth plate has been shown to be an
extremely active area in intrauterine life with
rapidly changing structure and size in the latter
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half of pregnancy. In this period, the upper
tibial growth plate alone has been shown to
turn over at a rate of 176 ,rni/day.36 When the
observed changes in leg length are considered
in the context of the dynamics of growth plate
formation, it is not surprising that dramatic
changes and even limb shrinkage may occur.
Dexamethasone may exert an effect on

growth through endocrine or metabolic path-
ways, by modification of collagen and bone
deposition, or by a combination of all of these.
These effects are probably superimposed on an
intrinsic growth rate that is genetically deter-
mined for each individual.37 From our data, it
would seem that the disruptive effect of
steroids on normal growth may be severe.
Silverman et al first described the effect of
ACTH on weight gain and linear growth in
1951,22 and emphasisd that the long term
effects of this treatment were unclear. This is
still the case today and while there is increasing
evidence to suggest minimal long term respira-
tory benefit from dexamethasone,38 39 we feel
that our study should be added to the growing
list of data that advocates caution in the use of
this potent drug.
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