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Abstract
Objective—To determine whether reduced fetal growth leads to raised blood pressure, reduced
arterial compliance, and increased left ventricular mass in an Indian population.
Design—A retrospective cohort study of men and women (age range 40–61 years) whose weight,
length, and head circumference at birth were recorded.
Setting—The Holdsworth Memorial Hospital, Mysore, South India.
Subjects—435 men and women born in the hospital between 1934 and 1953.
Main outcome measures—Systolic and diastolic blood pressures; compliance in four arterial
segments derived from pulse wave velocity, measured by a non-invasive optical method; and left
ventricular mass measured using M mode echocardiography.
Results—Small size at birth was not associated with increased adult blood pressure or left ven-
tricular mass, or with reduced arterial compliance. Systolic blood pressure and left ventricular
mass were higher in subjects who were greater in length at birth, rising by 1.64 mm Hg (95%
confidence interval (CI) −0.08 to +3.37 mm Hg) and 1.63 g/m2 (95% CI 0.13 to 3.13 g/m2),
respectively, per one inch (2.5 cm) increase in birth length, independently of adult size. Arterial
compliance was reduced in people whose mothers were lighter and had smaller pelvic (external
conjugate) diameters.
Conclusions—The higher prevalence of coronary heart disease in Indian men and women of
lower birth weight, shown in an earlier study of the same cohort, cannot be explained by changes
in blood pressure, arterial compliance, and left ventricular mass. The association of raised blood
pressure and left ventricular mass with longer birth length suggests that the way in which the
intrauterine environment influences coronary heart disease diVers between Indian and Western
populations.
(Heart 2000;83:272–277)
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Studies in Britain, Europe, and the USA have
shown that low birth weight and other indices
of reduced fetal growth are associated with an
increased risk of coronary heart disease in adult
life.1–3 Small size at birth is also associated with
risk factors for the disease, including hyper-
tension, reduced arterial compliance, increased
left ventricular mass, raised serum lipids, insu-
lin resistance, and non-insulin dependent
diabetes mellitus.4–9 These findings have led to
the “fetal origins” hypothesis, that the patho-
physiological mechanisms leading to coronary
heart disease are initiated by undernutrition in
utero.10

Rates of fetal growth are low in India. The
mean birth weight is 2.7 kg, and one third of
babies are born with a low birth weight
(< 2.5 kg).11 The prevalence of coronary heart
disease is rising rapidly in India, and is
expected to become the leading cause of death
by the year 2020.12 This phenomenon is not
explained by high levels of classical risk factors
including high blood pressure, smoking, and
hypercholesterolaemia.13 The “fetal origins”
hypothesis may therefore be particularly rele-
vant to India.

In a study in Mysore in 1993, low birth
weight, short birth length, and small head
circumference at birth were associated with an
increased prevalence of adult coronary heart

disease in an Indian population.14 In addition,
rates of disease were higher in people whose
mothers had a low body weight in pregnancy. It
is important to study this Indian population to
define mechanisms linking poor fetal growth to
adult disease. We have now re-examined these
men and women to test the hypothesis that the
link between reduced fetal growth and coron-
ary heart disease is mediated by changes in
blood pressure, arterial compliance, and left
ventricular mass.

Methods
Since 1934 the Holdsworth Memorial Hospi-
tal, Mysore, south India has maintained
obstetric records documenting the weight,
length, and head circumference at birth for all
babies born there. For cases where the mother
attended the antenatal clinic (approximately
40%) maternal weight at booking was re-
corded. External pelvimetry was measured on
admission to the labour ward for most
primiparous and some multiparous mothers.

In an earlier study we traced 517 men and
women who were born in the hospital between
1934 and 1953, still lived in Mysore, and could
be matched with certainty to their birth
records.14 Cases of coronary heart disease
(n = 52) were defined by the presence of one or
more of the following: typical angina according
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to the Rose/World Health Organisation chest
pain questionnaire15; ECG Minnesota codes16

1-1 or 1-2 (Q and QS waves) in a standard 12
lead ECG; or a history of coronary angioplasty
or bypass graft surgery. Information on smok-
ing habits, alcohol consumption, physical
activity, and socioeconomic status were ob-
tained by questionnaire.

In 1996–97, we recontacted the same men
and women, and invited them for further
cardiovascular studies. All measurements were
carried out by one observer (KK). A question-
naire was administered to obtain information
on current medications. Weight was measured
to the nearest 0.5 kg using a Seca scale (CMS
Instruments, London, UK). Height was
measured to the nearest 0.1 cm using a
portable Harpenden stadiometer (CMS In-
struments). Body surface area was calculated
using a standard formula.17 Systolic and
diastolic blood pressures were recorded using
an automated device (Dinamap 8100; Cri-
tikon, Ascot, Berks, UK) and a cuV of
appropriate size for the subject’s mid-upper
arm circumference. Measurements were made
on the right arm, left arm, and right leg, with
the subject supine and rested for at least 10
minutes. Subjects were defined as hypertensive
if they had a right arm systolic pressure
> 140 mm Hg, or a diastolic pressure
> 90 mm Hg,18 or were taking antihypertensive
medication.

ARTERIAL COMPLIANCE

Arterial compliance was measured in four
arterial segments (right and left aortoradial,
right aortofemoral, and aortoposterior tibial)
using a non-invasive optical method.19 This is
based on the principle that pulse wave velocity
is increased in stiVer (less compliant) arteries.
The time delay between left ventricular con-
traction, recorded by ECG, and the arrival of
the pressure wave in a distal artery, recorded by
an infra red probe is measured using custom-
ised software. Measurement of the distance
from the heart (sternal notch) to the probe
allows pulse wave velocity to be calculated.
This method has been validated against
intra-arterial measurements of pressure wave
velocity, and gives similar estimates of arterial
compliance to those obtained by Doppler
ultrasound.19

LEFT VENTRICULAR MASS

Left ventricular mass was measured using two
dimensional and M mode echocardiography

(Larsen and Toubro Sigma 1AC or Clarity
machine with a 3.5 Hz transducer), according
to the recommendations of the American Soci-
ety of Echocardiography.20 Interventricular
septal thickness and posterior cardiac wall
thickness at end diastole, and left ventricular
internal diameter at end diastole and systole,
were measured from M mode prints using a
digitiser (Genitiser GT-1212B, Taipei, Tai-
wan). The average measurements from five
cardiac cycles were used for the analysis. Left
ventricular mass and relative wall thickness
were calculated using standard formulae.21

Analyses were carried out using left ventricu-
lar mass as a continuous variable, and also as a
dichotomous variable—the presence or ab-
sence of left ventricular hypertrophy. To define
left ventricular hypertrophy for this population,
we considered a “normal” subgroup of people
without hypertension, coronary heart disease
or diabetes and with a body mass index
< 30 kg/m2. Subjects who had a left ventricular
mass (indexed by body surface area) > 2 SDs
from the sex specific mean were defined as
having left ventricular hypertrophy.22 23

STATISTICAL METHODS

Birth measurements were recorded in pounds
and inches and tended to be rounded oV, pro-
ducing clumping of data; for tabulations we
divided them as closely as possible into tertiles
or quartiles. In regression analyses they have
been used as continuous variables. All anthro-
pometric and cardiovascular variables were
normally distributed. The relation of cardio-
vascular variables to sex, size at birth, maternal
measurements and current age, body size,
smoking, and alcohol consumption were ana-
lysed by multiple linear and logistic regression,
using the statistical package SPSS/PC 5.1.

Results
Eight people from the original sample of 517
had died; 435 (85%) of the remaining 509 par-
ticipated in the current study. Their character-
istics are shown in table 1. One subject
declined to have arterial compliance measure-
ments, and a further six were excluded from
the analysis of the aortofemoral segment
because of unsatisfactory tracings. Fifty six
people were excluded from the left ventricular
mass analysis, either because of an inadequate
echo window (n = 54) or because of
ventricular/valvar pathology (n = 2). Although
12% of the sample had to be excluded from the
analysis of left ventricular mass because we
were unable to obtain an adequate echocardio-
graphic window/angle, this is a well recognised
and unavoidable problem in echocardiographic
studies and our percentage is comparable to
values obtained in other studies.6 22 23 There
were no significant diVerences in age, sex, adult
body size, and birth measurements between
those who did and did not participate, or
between those included and not included in the
analysis. Mean blood pressures, pulse wave
velocities, and left ventricular dimensions are
shown in table 2.

Table 1 Mean (SD) characteristics of the Mysore men and women

Male (n = 237) Female (n = 198) All (n = 435)

Current age (years) 49.5 (4.8) 49.5 (4.8) 49.5 (4.8)
Weight (kg) 63.3 (12.4) 58.5 (13.0) 61.1 (12.9)
Height (cm) 165.5 (6.1) 151.6 (6.5) 159.2 (9.4)
Body mass index (kg/m2) 23.1 (4.0) 25.4 (5.1) 24.1 (4.7)
Body surface area (m2) 1.68 (0.17) 1.52 (0.17) 1.61 (0.19)
% current smokers 47 0 26
% ex-smokers 15 0 8
% alcohol consumption 21 0 12
At birth

Birth weight (g) 2785 (410) 2707 (401) 2749 (401)
Length (cm) 47.9 (3.1) 47.6 (3.0) 47.8 (3.0)
Head circumference (cm) 33.7 (1.7) 33.2 (1.6) 33.5 (1.7)
Ponderal index (g/cm3) 25.7 (5.0) 25.4 (5.0) 25.6 (5.0)

EVect of birth size on adult cardiovascular risk factors 273

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

H
eart: first published as 10.1136/heart.83.3.272 on 1 M

arch 2000. D
ow

nloaded from
 

http://heart.bmj.com/


BLOOD PRESSURE

Systolic blood pressure rose with increasing age
(r = 0.20, p < 0.0001), body weight (r = 0.20,
p < 0.0001), and body mass index (r = 0.22,
p < 0.0001). There were similar relations with
diastolic blood pressure. Diastolic, but not
systolic, pressure was related to adult height
(r = 0.13, p = 0.005). Blood pressures were
similar in men and women (table 2), and were
unrelated to smoking and alcohol consump-
tion. The 45 subjects (22 men and 23 women)
diagnosed as having coronary heart disease in
our earlier study had higher systolic blood
pressures than those without the disease (p for
diVerence = 0.05).

Systolic blood pressure tended to rise with
increasing birth weight (table 3) and birth
length (table 4) but was unrelated to head cir-
cumference at birth. The relation with birth
weight was no longer present after adjustment
for adult body mass index (table 3), suggesting
that it reflected the larger body mass index of

people who were heavier at birth (men
r = 0.12, p = 0.05; women r = 0.16, p = 0.01).
The relation with birth length, however,
persisted (table 4). Systolic pressure rose by
1.64 mm Hg (95% confidence interval (CI)
−0.08 to +3.37 mm Hg) per one inch (2.5 cm)
increase in birth length. There were similar
findings for percentages of people with hyper-
tension (table 4). These relations persisted
after allowing for adult height and were similar
if subjects taking antihypertensive medication
(n = 58) were excluded from the analysis
(p = 0.08 for the trend with birth length,
allowing for adult body mass index). Because
of this relation with birth length, the prevalence
of hypertension rose with decreasing ponderal
index (birth weight/length3) or head circumfer-
ence:length ratio at birth (p = 0.02 and
p = 0.01, respectively). Analysis of the sub-
group of 177 men and women whose mother’s
weight was recorded, and the 241 whose moth-
er’s pelvimetry was measured, showed no rela-
tion between blood pressure and maternal size.
Adult diastolic blood pressure was unrelated to
size at birth.

ARTERIAL COMPLIANCE

Pulse wave velocity rose with increasing age
(p < 0.0001 for all arterial segments) and body
size (weight r = 0.21–0.29, height r = 0.13–
0.39, body mass index r = 0.10–0.14, body
surface area r = 0.23–0.36; p < 0.01 for all
measurements of body size and in all arterial
segments). Mean pulse wave velocity was
significantly greater in men than in women
(table 2). It was strongly correlated, in all arte-
rial segments, with systolic (r > 0.25,
p < 0.001) and diastolic (r > 0.27, p < 0.001)
blood pressure. There were no significant
diVerences in pulse wave velocities between
those with and without coronary heart disease.

Table 2 Mean (SD) blood pressures, pulse wave velocities, and cardiac dimensions

Men
(n = 237)

Women
(n = 198)

All
(n = 435)

Blood pressure (mm Hg)
Systolic 126 (22) 127 (23) 127 (22)
Diastolic 78 (11) 75 (11) 77 (11)
Mean 96 (15) 95 (17) 95 (16)

Pulse wave velocity (m/s)
Aorto-right radial segment 4.32 (0.45) 3.92 (0.40) 4.14 (0.47)
Aorto-left radial segment 4.25 (0.52) 3.87 (0.43) 4.07 (0.51)
Aorto-femoral segment 3.35 (0.51) 3.19 (0.50) 3.28 (0.51)
Aorto-post tibial segment 5.86 (0.66) 5.63 (0.58) 5.71 (0.64)

Left ventricular dimensions
Interventricular septal thickness (mm) 10.6 (1.7) 9.9 (1.6) 10.3 (1.7)
Posterior wall thickness (mm) 8.8 (1.1) 8.5 (0.9) 8.7 (1.0)
Left ventricular end diastolic diameter (mm) 45.1 (4.1) 42.5 (3.5) 43.9 (4.0)
Left ventricular end systolic diameter (mm) 27.3 (3.6) 24.8 (2.8) 26.2 (3.5)
Left ventricular mass (g) 149 (37) 125 (32) 138 (37)
Left ventricular mass indexed by body

surface area (g/m2) 88 (18) 82 (17) 85 (18)
Relative wall thickness 0.4 (0.06) 0.4 (0.06) 0.4 (0.05)

Table 3 Relation between cardiovascular outcome variables and birth weight

Birth weight (g)
Systolic blood pressure
(mm Hg) % Hypertension

Left ventricular
mass indexed by
body surface
area (g/m2)

% with left
ventricular
hypertrophy

Pulse wave velocity
in the aortofemoral
segment (m/s)

Pulse wave velocity in
the aortoposterior tibial
segment (m/s)

< 2400 125 (86) 28 (24) 83 (78) 9 (7) 3.25 (86) 5.69 (86)
2400–2649 123 (88) 28 (25) 83 (75) 15 (11) 3.19 (87) 5.62 (88)
2650–2834 129 (82) 39 (32) 86 (72) 15 (11) 3.28 (79) 5.73 (82)
2835–2999 129 (71) 33 (23) 85 (63) 11 (7) 3.26 (69) 5.64 (70)
3000+ 129 (108) 31 (33) 89 (91) 21 (19) 3.38 (107) 5.84 (108)
All 127 (435) 31 (137) 85 (379) 15 (55) 3.28 (428) 5.71 (434)
SD 23 – 18 – 0.5 0.6
p Value 0.1 0.9 0.05 0.06 0.03 0.05
*p Value 0.6 0.4 – – 0.8 0.7
†p Value – – 0.2 0.08 – –

*Adjusted for age, sex, and body size; †adjusted for age and sex; figures in parentheses indicate number of subjects.

Table 4 Relation between cardiovascular outcome variables and length at birth

Length at birth (cm)
Systolic blood pressure
(mm Hg) % Hypertension

Left ventricular
mass indexed by
body surface
area (g/m2)

% with left
ventricular
hypertrophy

Pulse wave velocity
in the aortofemoral
segment (m/s)

Pulse wave velocity in
the aortoposterior tibial
segment (m/s)

< 45.5 124 (57) 25 (14) 80 (52) 4 (2) 3.29 (56) 5.67 (57)
45.5–46.9 126 (135) 27 (36) 85 (119) 12 (14) 3.24 (132) 5.66 (135)
47.0–49.9 126 (134) 33 (44) 85 (117) 15 (17) 3.31 (132) 5.73 (133)
50.0+ 132 (105) 39 (41) 88 (87) 23 (20) 3.29 (104) 5.77 (105)
All 127 (431) 31 (135) 85 (375) 14 (53) 3.28 (424) 5.71 (430)
SD 23 – 18 – 0.5 0.6
p Value 0.02 0.03 0.02 0.007 0.6 0.1
*p Value 0.06 0.07 – 0.8 0.4
†p Value – – 0.03 0.008 – –

*Adjusted for age, sex, and body size; †adjusted for age and sex; figures in parentheses indicate number of subjects.
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Pulse wave velocities tended to be higher in
men and women with higher birth weight
(table 3). After adjusting for current size, how-
ever, there were no significant relations be-
tween pulse wave velocity and any of the birth
measurements (tables 3 and 4). Pulse wave
velocity tended to be higher in men and women
whose mothers had lower weight during
pregnancy and whose mothers had smaller
external conjugate diameters (table 5). Mater-
nal weight varies with gestational age. Although
the Mysore records do not contain accurate last
menstrual period dates, we obtained an ap-
proximate estimate of the gestational age at
which the mother was weighed by calculating
how many days before delivery she attended
the antenatal clinic for the first time. The rela-
tion between pulse wave velocity and maternal
weight persisted even after adjusting for gesta-
tion in this way, or using a gestation adjusted
maternal weight.

LEFT VENTRICULAR MASS

Left ventricular mass rose with increasing age
(r = 0.11, p = 0.03) and body size (weight
r = 0.62, p < 0.001; height r = 0.42, p < 0.001;
body mass index r = 0.42, p < 0.001; body sur-
face area r = 0.64, p < 0.001). We adjusted for
body size in the traditional way20 by dividing
values by body surface area. The indexed left
ventricular mass was higher in men than women
(p = 0.001, table 2). It was strongly correlated
with systolic (r = 0.45, p < 0.001) and diastolic
(r = 0.36, p < 0.001) blood pressure and was
higher in people with coronary heart disease
(men 170 g, women 129 g) than in those
without disease (men 147 g, women 124 g).

The indexed left ventricular mass and preva-
lence of left ventricular hypertrophy tended to
be higher in those who had a higher birth
weight (table 3) and longer length at birth
(table 4). The relation between birth weight
and left ventricular mass disappeared after
adjusting for sex, reflecting the larger birth size
of male babies. The relation with birth length
persisted with indexed left ventricular mass ris-
ing by 1.63 g/m2 (95% CI 0.13 to 3.13 g/m2)
per one inch (2.5 cm) increase in birth length.
Ventricular mass and hypertrophy were unre-
lated to head circumference and ponderal
index at birth, or to maternal weight and pelvic
diameters. Relative wall thickness, an indicator

of concentric hypertrophy, was also greater in
those who had been longer at birth (p = 0.01).

Discussion
In this group of Indian men and women, those
with coronary heart disease tended to have
higher systolic blood pressures and greater left
ventricular mass than those without the
disease. These findings are consistent with the
results of studies in many other populations. In
contrast to findings in Western populations,
however, there was no association between
these cardiovascular risk factors and small size
at birth. On the contrary, mean values for
systolic blood pressure and left ventricular
mass were higher in people whose length at
birth was greater. Arterial compliance was
unrelated to birth size.

This cohort was not a true “population”
sample. The study was restricted to people who
were born in a single hospital in Mysore
between 1934 and 1953, who were still alive,
lived locally, and who gave us suYcient
information to be able to match them to their
birth records with certainty. Most deliveries at
that time took place either at home or in the
government hospital in the city. It is not clear
what factors influenced these families to
choose the Holdsworth Memorial Hospital for
delivery. However, as it was established as a
charitable mission hospital and catered to peo-
ple from all socioeconomic classes, it is unlikely
that this population represented a particular
socioeconomic group. Many babies, especially
those of low birth weight, would have died in
infancy. The sample is therefore unrepresenta-
tive of all births in Mysore during that period.
Although the survey was carried out in a
relatively poor area of the city, just over half of
our participants were from upper rather than
lower social class. This may reflect greater
accuracy in obtaining information for tracing
and matching from this group. In spite of these
deficiencies, this is a large sample of “normal”
men and women. Moreover, our analysis is
based on internal comparisons and bias would
be introduced only if the relations between fetal
growth and adult disease diVered between
those born in and outside the hospital, and
between those traced and not traced. We have
no reason to suspect such a diVerence. Their
birth measurements were similar to those of all
people born in the hospital during that period.
Mean height and weight, and rates of coronary
heart disease and diabetes, were similar to
those reported in other urban south Indian
populations.24–26 It is not possible to compare
left ventricular mass and pulse wave velocity as
there are no previously published data in
healthy Indian adults.

The records in Mysore do not contain very
accurate information on gestational age and we
were unable to distinguish between low birth
weight caused by prematurity and that caused
by retarded fetal growth. Further, many
subjects in the study were taking antihyperten-
sive medication, including angiotensin convert-
ing enzyme inhibitors and â blockers, which
lower blood pressure, increase arterial compli-
ance, and cause regression of left ventricular

Table 5 Mean pulse wave velocity (m/s) according to maternal weight and pelvic size

Aorto-left radial
segment

Aortofemoral
segment

Aortoposterior tibial
segment

Maternal weight (lb)
< 94 4.13 (44) 3.35 (45) 5.69 (45)
94–107 4.04 (70) 3.26 (72) 5.64 (72)
108+ 3.99 (58) 3.15 (56) 5.69 (59)
All 4.05 (172) 3.25 (173) 5.67 (176)
p Value 0.18 0.05 0.9
*p Value 0.06 0.01 0.4
†p Value 0.1 0.04 0.4

External conjugate diameter (cm)
< 17.8 4.15 (44) 3.30 (46) 5.85 (46)
17.8–18.9 4.05 (107) 3.39 (111) 5.74 (111)
19.0+ 3.98 (81) 3.25 (81) 5.66 (84)
All 4.05 (232) 3.32 (238) 5.73 (241)
p Value 0.09 0.4 0.1
*p Value 0.04 0.2 0.05

*Adjusted for age, sex, and body size; †adjusted for age, sex, body size, and calculated gestational
age at which the mother was weighed; figures in parentheses indicate number of subjects.
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hypertrophy. Although these limitations may
have tended to obscure any relation between
small size at birth and cardiovascular risk
factors in this study, similar limitations apply to
many of the studies in which relations between
smallness at birth and raised adult blood pres-
sure were apparent. The sample size was simi-
lar to, or larger than, studies in Western popu-
lations which have shown significant relations
between fetal growth and the cardiovascular
end points we measured.5 6 We therefore do not
believe that the results we obtained are caused
by an inadequate sample size.

The average adult height of men and women
in Mysore was lower than those of Western
populations. A study in Sweden showed that
higher blood pressure was related to small size
at birth only in men who had grown into tall
adults.27 In circumstances where postnatal
growth is not constrained by undernutrition,
adult height is an index of genetic growth
potential. Tall men who were small at birth are
therefore likely to have suVered a greater
degree of intrauterine growth retardation than
short men. An alternative explanation is that a
combination of growth retardation in utero and
catch up growth postnatally is required to raise
adult blood pressure.28 Median adult height in
men was 166 cm in Mysore compared to
176 cm in Sweden. Poor postnatal growth may
have prevented a rise in blood pressure in peo-
ple of lower birth weight.

Among the group of men and women
studied in Mysore, higher systolic blood
pressure and greater left ventricular mass were
associated with longer length at birth. The
associations were not strongly significant and
may have arisen by chance. Relations between
blood pressure and length at birth are incon-
sistent between studies; both positive and
negative associations have been reported.5 29 30

We cannot explain these diVerences between
populations.

Arterial compliance tended to be lower in
men and women born to mothers who were
lighter or who had smaller pelvic diameters.
Reduced external conjugate diameter is an
indicator of poor nutrition during skeletal
growth in childhood and adolescence.31

We speculate that maternal undernutrition
compromises the ability of the fetus to sustain
optimal structural development of blood
vessels causing them to become stiVer and
less compliant. This may help to explain
findings in a recent study in Britain which
showed that smaller pelvic size is associated
with an increased risk of stroke in the
oVspring.32

In Western populations, small size at birth is
associated with raised blood pressure, de-
creased arterial compliance, and increased left
ventricular mass.4–6 It is thought that changes in
levels of these risk factors may partly explain
the relation between low birth weight and
increased risk of coronary heart disease that
has been found in many studies.1–3 In Mysore
too, risk of coronary heart disease was highest
in those who were small at birth.14 Our finding
that small size at birth is not related to blood
pressure, arterial compliance or left ventricular

mass suggests that, in Indian populations at
least, this increased risk is mediated by other
mechanisms.
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IMAGES IN CARDIOLOGY

Growth and the implantable cardioverter
defibrillator

A defibrillator using high voltage pericardial
patches was implanted in a 30 month old girl
with the long QT syndrome and out of hospital
cardiac arrest despite â blockers (left). During
the first three years she remained well on aten-
olol 25 mg twice daily with no shocks or
syncope. She then had five successive shocks
within two weeks because of inappropriate T
wave sensing. A chest x ray revealed that owing
to growth the pericardial patches had been dis-
placed upwards and were positioned across the
atria (right). It could not be certain that the
patches were in a satisfactory position to
defibrillate the ventricles. In addition, the ven-
tricular lead had lost its original atrial loop and
was stretched across the tricuspid valve. The

defibrillator was therefore revised to a trans-
venous system using a single 9 F pacing/
sensing/defibrillator lead, and the lead tun-
nelled to an active generator implanted in the
abdomen. The pericardial patches were left in
situ to avoid thoracotomy. Defibrillation
thresholds between the abdominal generator
and ventricular lead were 10−15 Joules.

Our patient illustrates that growth aVects
external cardiac patches as well as transvenous
leads, and the positions of both should be
monitored at regular intervals by chest radio-
graphy. With the development of smaller leads
and active generators, transvenous implantable
cardioverter defibrillator systems can be used
even for small children.
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