
INCREASINGLY CARDIAC SURGERY HAS BECOME BOTH

feasible and successful in infants with low birth
weight.1–4 Although there are single case reports

of cardiac catheterisation in infants with low birth
weight, data is limited on the indications for, and
outcome of, interventional cardiac catheterisation in a
large cohort of patients weighing less than 2500 g.5–11

Improvements in catheter and sheath technology over
the last decade, including the availability of smaller
sized sheaths and balloon tipped catheters, has resulted

in a reduction in frequency of vascular compromise
and cardiac trauma among this population.12 Both
interventional and diagnostic catheterisations have
been increasingly performed in smaller infants, allow-
ing survival of those who would have succumbed 
in previous generations from critical cardiac lesions.
Additionally, with continuing improvements in neo-
natal care, and survival of increasingly premature
infants, pediatric cardiologists will face an increas-
ing population of low birth weight infants with con-
genital cardiac lesions.

Materials and methods

We retrospectively reviewed all neonates who pre-
sented to Texas Children’s Hospital catheterisation
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laboratory with a weight less than 2500 g who
underwent either interventional or diagnostic cardiac
catheterisation between January 1993 and January
2001. The weight and age at catheterisation, indica-
tions for catheterisation, access obtained, results of
interventional procedures, and complications during
the procedure, including vascular compromise, were
recorded. Comparisons of the aforementioned para-
meters were drawn with 34 infants weighing greater
than 2500 g undergoing similar catheterisation pro-
cedures over the same period.

Results

Patients
We catheterized 34 patients of less than 2500 g during
the period of study, 18 of whom were male and sixteen
female. The median age at cardiac catheterisation 
was 5 days for those less than 2500 g, with a range
from 1 to 90 days. The median weight was 2.3 kg,
with a range from 0.9 to 2.5 kg, and the median 
gestational age was 35 weeks with a range from 27 to 
40 weeks. The diagnoses are outlined in Tables 1 and 2.
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Table 1. Characteristics of the interventional patient population less than 2500 g.

Pt Weight (kg) Diagnosis Procedure Complications

1 2.2 Pulmonary valve stenosis Pulmonary valvuloplasty None
2 2.5 DORV, LHtopology, VSD, PS Redirect subclavian line None
3 0.9 Coarctation, Shone complex Coarctation angioplasty None
4 2.4 Tricuspid atresia, NRGV Atrial septostomy None
5 1.8 Pulmonary atresia/IVS Atrial septostomy None
6 2.4 Tetralogy of Fallot Pulmonary valvuloplasty None
7 2.4 TGA, IVS, PFO Atrial septostomy None
8 2.4 TGA, IVS, PFO Atrial septostomy None
9 2.1 Pulmonary valve stenosis Pulmonary valvuloplasty Died

10 1.6 Critical aortic stenosis Aortic valvuloplasty None
11 2.4 Hepatic AVM Coil occlusion AVM None
12 2.3 Tetralogy of Fallot Pulmonary valvuloplasty Supraventricular Tachycardia
13 2.4 TAPVR (mixed) Atrial septostomy None
14 2.4 Pulmonary atresia/IVS Atrial septostomy Died
15 2.5 Critical aortic stenosis Aortic valvuloplasty Hypotension
16 2.2 Hypoplastic left heart syndrome Atrial septostomy Supraventricular Tachycardia
17 2.4 Critical AS Aortic valvuloplasty None
18 2.4 Tetralogy of Fallot Pulmonary valvuloplasty Hypotension
19 2.4 Pulmonary atresia/IVS Atrial septostomy None
20 2.4 Hypoplastic left heart syndrome Atrial septostomy Hypotension
21 2.3 Hypoplastic left heart syndrome Atrial septostomy None
22 2.4 Pulmonary stenosis Pulmonary valvuloplasty None

Abbreviations: AS: represents aortic valve stenosis; AVM: arteriovenous malformation; DORV: double outlet right ventricle; 
HLHS: hypoplastic left heart syndrome; IVS: intact ventricular septum; LH: left hand; NRGV: normally related great vessels; PFO: patent 
foramen ovale; SVT: supraventricular tachycardia; TAPVR: total anomalous pulmonary venous drainage; VSD: ventricular septal defect

Table 2. Characteristics of diagnostic catheterisation population less than 2500 g.

Weight 
Pt (kg) Diagnosis Indication Complications

1 1.7 PAT, VSD, MAPCAs Aortopulmonary collaterals None
2 2.4 IAA, APW, Postop MI Left coronary artery stenosis None
3 2.5 HT, CAVSD, TAPVR Anomalous pulm veins SVT
4 2.5 IAA type B Delineate arch anatomy None
5 2.3 PAT, VSD, MAPCAs Aortopulmonary collaterals None
6 2.2 Conjoined twins Preoperative assessment None
7 2.1 Tetralogy of Fallot BPAS, coronary anatomy None
8 2.5 Tetralogy of Fallot BPAS, coronary anatomy None
9 2.1 TAPVR Anomalous pulm veins None

10 2.3 Tetralogy of Fallot BPAS, coronary anatomy Hypotension
11 2.1 TGA, COA, TAPVR TAPVR–Coronary sinus None
12 2.1 PAT, VSD, MAPCAs Aortopulmonary collaterals None

Abbreviations: APW: represents aortopulmonary window; BPAS: bilateral pulmonary artery stenosis; CA: common atrium; 
IAA: interrupted aortic arch; COA: coarctation of the aorta; CAVSD: complete atrioventricular septal defect; HT: heterotaxy syndrome;
MAPCAs: major aortopulmonary collaterals; MI: myocardial infarction; PAT: pulmonary atresia; SVT: supraventricular tachycardia;
TAPVR: total anomalous pulmonary venous return; TGA: transposition of the great arteries; and VSD: ventricular septal defect
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Indications for catheterisation

We carried out interventions in 22 patients (Table 1),
and diagnostic catheterisations (Table 2) in 12, with
a ratio of 2.2:1. Indications for diagnostic catheteri-
sation included delineation of anomalous pulmonary
venous drainage, which was unclear from praecordial
echocardiography, in three patients, clarification of
aortopulmonary collateral arterial supply in tetral-
ogy with pulmonary atresia in three patients, preop-
erative assessment of pulmonary arterial anatomy and
coronary anatomy in symptomatic tetralogy of Fallot
which could not be delineated by echocardiography
in three patients, confirmation of interruption of the
aortic arch between the left coronary carotid and sub-
clavian arteries in a patient with extremely poor
echocardiographic windows in one patient, confirma-
tion of severe stenosis of the left coronary artery fol-
lowing an arterial switch procedure in one patient, and
delineation of the extent of cardiovascular fusion and
cardiac anatomy in one set of conjoined twins. Balloon
atrial septostomy was performed in 10 patients with
restrictive atrial communications. Balloon valvoplasty
of severe right ventricular outflow tract obstruction
was performed in six patients. Balloon valvoplasty was
performed for obstructive lesions in the left heart in
3 children with critical aortic valvar stenosis, and for
critical coarctation in one patient. Coil occlusion of
multiple hepatic arteriovenous malformations was
undertaken in one child, redirection of a subclavian
line at catheterisation with confirmation of total
thrombosis of the inferior caval vein in one patient
subsequent to the Norwood procedure for hypoplas-
tic left heart syndrome, and coil occlusion of a patent
arterial duct in one patient.

Among those requiring atrial septostomy, three
patients had transposition of the great vessels, three
had pulmonary atresia with intact ventricular septum,
three had hypoplastic left heart syndrome, and one
patient had totally anomalous pulmonary venous 
connection with a restrictive atrial communication.
Bedside septostomy was deferred because of the low
weight and critical condition of the infants. The
patient who underwent balloon dilation of coarctation
was a 970 g infant with severe left ventricular dys-
function. The occlusion of the hepatic arteriovenous
malformation using a coil, fed via the right internal
mammary artery, was performed in a 2.5 kg infant
with intractable high output congestive cardiac fail-
ure secondary to the arteriovenous malformation.

Access obtained and precautions during
procedure

Venous access was obtained during catheterisation 
in 29 infants, while arterial access was used in 30.

Umbilical vessels were used wherever possible to spare
the peripheral vessels. Femoral venous access was not
used in the patients requiring retrograde aortic
valvoplasty via either the carotid or femoral arterial
approaches, nor for those patients needing balloon
dilation of aortic coarctation or coronary angiography
to delineate left coronary arterial stenosis. One patient
with critical aortic stenosis required cannulation of
the right carotid artery to perform aortic valvoplasty.
The patient with severe caudal regression sequence,
who developed left coronary arterial stenosis following
transfer of an anomalous left coronary artery from the
pulmonary trunk needed access via the right brachial
artery due to non-accessible femoral vessels. There
were no complications related to carotid or brachial
arterial access. Heparinisation was only used in infants
who had arterial access, with routine assessment of
activated clotting time at the end of the procedure.

We intubated 29 infants prior to the procedure,
with 18 of these being electively intubated for the
procedure, while 11 patients had been intubated pre-
viously for respiratory distress syndrome or apnoea
resulting from intravenous prostaglandin infusion.
Indications for intubation included interventional
procedures, hemodynamic instability, or underlying
respiratory distress. A warmer blanket was used with
continuous monitoring of rectal temperature to ensure
hypothermic stability. Blood glucose, and an arterial
blood gas, were measured before and after all proce-
dures. The mean period of fluoroscopy was 25 min,
with a range from 4.3 to 56 min. Critically ill infants
had venous sheaths exchanged for venous lines if
necessary before return to the intensive care unit.

Outcomes of catheterisation

Following balloon atrial septostomy, there was a
reduction in mean gradient across the atrial septum
from 3 to 0 mmHg. In 2 patients, weighing 2.5 kg
and 2.4 kg, preceding blade atrial septostomy had
been performed because of a resistant septum, one of
the patients with discordant ventriculo-arterial con-
nections having been referred from an outside insti-
tution at 60 days of age, and the other patient with
hypoplastic left heart syndrome having a thick and
restrictive atrial septum. The mean gradient after
the valvuloplasty procedure for patients with critical
pulmonary stenosis was 20 mmHg, with a range
from 18 to 26 mmHg, with comparable values for
those with critical aortic stenosis being 25 mmHg,
with a range from 24 to 27 mmHg. There was min-
imal aortic regurgitation following balloon angio-
plasty of critical aortic stenosis, ranging from grade
0 to �1 for each patient.

The 970 g infant with Shone’s syndrome, who
underwent balloon angioplasty of coarctation, had the
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gradient reduced from 24 to 7 mmHg (previously
reported). The presence of the moderately sized patent
arterial duct probably underestimated the severity of
obstruction in this child. Angioplasty of the coarcta-
tion resulted in a significant improvement in left
and right ventricular function and reduction of right
heart pressures. The infant was weaned successfully
from prostaglandins following catheterisation. Seven
weeks later, the infant underwent surgical repair of
the coarctation after developing recurrent coarctation.

The patient with multiple hepatic arteriovenous
malformations developed intractable high output car-
diac failure with progressive acidosis and ventricular
failure requiring endotracheal intubation and ventila-
tion along with inotropic support. The malformations
were occluded using 14 Cook coils (Boston Scientific,
Quincy, MA), six 0.038 inch-5 cm-5 mm, four 0.035
inch-4 cm-3 mm, and four 0.038 inch-4 cm-3 mm
coils. The coils were placed at the site of the feeding
vessel from the right internal mammary artery, com-
pletely occluding the malformations. The infant was
extubated two days after the procedure and discharged
home three weeks later.

Complications

Catheterisation-related deaths
There was one death in a 2.5 kg infant with pulmo-
nary atresia and intact ventricular septum who had a
restrictive atrial communication. The infant was
critically ill prior to the procedure, with acidosis,
hypoxia and poor cardiac output despite intravenous
prostaglandins. The infant became acutely brady-
cardic, and acidotic, and died during the procedure
despite the absence of extravasation into the peri-
cardium to suggest pulmonary or inferior caval venous
trauma. A second infant with critical pulmonary
stenosis died after valvoplasty due to acidosis and
ventricular fibrillation.

Vascular compromise

Two infants, both of whom had femoral arterial access
during the procedure, had transiently ischemic distal
legs. This resolved within three hours on exposing the
ischemic leg, with simultaneous wrapping of the
opposite leg, and did not require anticoagulation. One
patient with critical pulmonary stenosis developed
bilateral femoral venous obstruction, which required
fasciotomy. Both legs recovered with no sequels.

Other complications

In 4 patients weighing less than 2500 g, we encoun-
tered severe hypotension. In two cases, it resolved
with an infusion of albumin and calcium (Fig. 1).

Severe bradycardia with hypotension developed in
one, requiring chest compressions, epinephrine boluses
and volume support. Supraventricular tachycardia 
was seen in 4 patients, three of whom were terminated
by catheter atrial distension. One patient became
hypotensive after catheter-induced supraventricular
tachycardia and required intravenous adenosine at 
a dose of 100 µm/kg, which successfully terminated
the tachycardia.

In those patients weighing greater than 2500 g,
two children developed transient hypotension, which
resolved with intravenous replacement of albumin.
There was one case of supraventricular tachycardia
terminated with intravenous adenosine (Fig. 2). There
were no deaths in those children weighing greater
than 2500 g.

Discussion

Over the last two decades, continuing advances in
neonatal support has resulted in increased survival of
smaller infants. Consequently, cardiologists face an
increased number of children with low birth weight
who have potentially lethal cardiac conditions such
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Figure 1.
Graphic illustration of complications in infants weighing less than
2500 g. Vasc Cm: vascular compromise; Hypo: hypotension; Arrhy:
arrhythmia.
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Figure 2.
Graphic illustration of complications in infants greater than
2500 g.
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as critical obstruction of either the left or right 
ventricular outflow tracts, restrictive communications
at atrial level associated with poor mixing or low car-
diac output, or large arteriovenous malformations
with intractable high output cardiac failure. There
are several reports of interventional and diagnostic
catheterisation being performed in these smaller
infants, allowing survival in an increased number who,
in previous generations, would surely have succumbed
from such critical lesions. There are, however, only
isolated case reports of indications for, and outcome
of, cardiac catheterisation in such infants with low
birth weight.4–10

Although there are successful reports of surgery for
congenital heart defects in this group of infants, the
patients have a higher risk of morbidity and mortality
for their respective lesions compared to those infants
born at term or after term.1–3 Our policy, therefore, is to
attempt to palliate such infants where possible to opti-
mize weight gain and improve perioperative morbidity
and mortality. Obviously, there needs to be communi-
cation between cardiologist and surgeon to determine
when the risk of not operating outweighs the risk of
going ahead. One of the most practical factors in assess-
ing optimal weight includes adequate weight for can-
nulation prior to cardiopulmonary bypass.

For the majority of infants in our series, interven-
tional procedures, such as atrial septostomy, were pal-
liative measures with a subsequent shunt or arterial
switch procedure performed shortly after. In certain
cases, however, such as angioplasty of critical coarcta-
tion in the 970 g infant, significant recovery of 
ventricular function was achieved for several weeks,
along with sufficient gain in weight, to optimize the
perioperative outcome. Catheterisation was curative
in the infant with extensive hepatic arteriovenous mal-
formations, where conservative management would
surely have resulted in death.

There was a significant predominance of inter-
ventional procedures in the study cohort. Diagnostic
procedures were reserved for cases of undetermined
pulmonary venous drainage, collateral blood flow,
postoperative complications including coronary arte-
rial stenosis, and complicated anatomical assessment
of conjoined twins. Recent developments in magnetic
resonance angiography, and 3-dimensional echocardio-
graphy, will inevitably result in a further significant
reduction in the number of diagnostic cardiac catheter-
isations in this group of patients.13–14 Recently mag-
netic resonance angiography has proven not only equal
to catheterisation in delineating intra-cardiac anatomy,
but superior to catheterisation in determining
sources of pulmonary blood flow in infants with
tetralogy and ventricular septal defect, which is
essential in strategizing surgical intervention among
this group.15

Infants born with low weight represent a unique
group of patients. They have multiple additional
medical problems, including immature pulmonary
function with abnormal lung compliance, edematous
lungs, renal dysfunction, and an increased risk of 
sepsis due to prolonged stay in the intensive care unit
and the placement of multiple lines. They also have
little cardiac reserve compared to their peers born at
the appropriate gestational age. Elective tracheal
intubation and ventilation is preferable to ensure 
stability of the airways in these very small infants,
particularly if undertaking interventional procedures.
Routine assessment of the position of the endotra-
cheal tube with fluoroscopy should be performed
after the infant is secured to the catheterisation table.
Maintenance of normal body temperature is essential,
as is minimizing use of intravenous contrast to main-
tain renal function. Homeostasis should be optimized
by correction of acidosis and anemia prior to leaving
the catheterisation laboratory.

Up to three weeks of age, transumbilical access 
was used to spare the femoral veins, particularly in
children who might require further interventions in
the future. Gentle passage of dilators, followed by
sheaths, resulted in a minimal number of vascular
complications. Only one patient developed significant
bilateral femoral venous obstruction. This required
fasciotomy, albeit that both limbs recovered fully with
no adverse sequels. Careful attention to pulses and
perfusion after catheterisation, with use of Doppler
ultrasound if necessary, should allow early detection
of venous or arterial thrombosis. Interestingly, there
were only two patients with cool legs, which resolved
with positioning and covering of the other leg.

Cardiac catheterisation, therefore, carries a signifi-
cant risk of mortality and morbidity in infants weigh-
ing less than 2500 g. Careful attention to the specific
needs of these patients is essential when interventions
are required to sustain life in this fragile population.
Catheterisation should be deferred in favor of mag-
netic resonance angiography in infants weighing less
than 2500 g where delineation of anatomy, including
aortopulmonary collateral drainage, is required.
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