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ABSTRACT
INTRODUCTION: The objective was to evaluate the
mortality and the morbidity in neonates operated for 
persistent ductus arteriosus at Copenhagen University 
Hospital in the 10-year period from 1 January 1998 to 
31 December 2007, and to compare the results with results
reported in extant literature.
MATERIAL AND METHODS: Patient data were collected by
retrospective audit of medical charts. Infants with complex 
heart disease were excluded. The outcomes were mortality,
necrotising enterocolitis (NEC), intraventricular haemor-
rhage (IVH), paresis of the recurrent laryngeal nerve and 
chylothorax. For statistical analyses, we used Fisher’s exact 
test and Mann-Whitney U test.
RESULTS: We included 46 neonates among an initial
60 candidates. Gestational age was from 23 + 6 to 34 + 0 
weeks (mean 26 + 6.5) and the birth weight ranged from 
535 g to 1,793 g (mean 943.5 g). In 93% of cases, the left 
atrium diameter (LAD)/aorta diameter (Ao)-ratio measured
by echocardiography was greater than or equal to 1.5, and
medical closure had been attempted in 93% of the cases. 
After surgical ligation, there were three cases of paresis of 
the recurrent laryngeal nerve, two cases of chylothorax,
eight cases of NEC, four cases of IVH and seven deaths 
(15.2%). The deaths occurred between three and 119 days
postoperatively. Those who died were operated at an
earlier age than the remaining patients (p < 0.05) and they 
tended to be of lower gestational age and to have a lower
birth weight (p > 0.05) than those who survived. 
CONCLUSION: The need for ligation of a patent arterial duct
in preterm neonates is subject to considerable risk. Total
mortality in this vulnerable group of patients was 15%.
Although no obviously procedure-related deaths were
observed, severe complications and postoperative 
morbidity occurred.

Patent ductus arteriosus (PDA) is a frequent heart defect
in premature babies. The incidence of PDA is inversely 
related to gestational age (GA) [1, 2]. In the foetus, the
ductus arteriosus shunts blood from the pulmonary 
artery to the aorta, hereby bypassing the lungs. Func -
tional closure of the ductus arteriosus normally occurs 
shortly after birth. 

After birth a patent ductus arteriosus usually causes 

the blood to flow from the systemic circulation to the 
pulmonary circuit, i.e. a left-right shunt. This shunt re-
sults in an increased pulmonary perfusion and thus im-
pairs pulmonary mechanics and/or decreases systemic
perfusion. These haemodynamic changes may partly be 
responsible for the co-morbidity associated with PDA;
such comorbidity includes hypotension, interventricular
and pulmonary haemorrhage, necrotising enterocolitis
(NEC) and chronic lung disease.

First-line treatment is fluid restriction, diuretics and
ibuprofen or indomethacin [3]. Surgical PDA ligation is
considered when first-line treatment has failed or is con-
traindicated. The aim of this study was to evaluate the 
mortality and the morbidity in neonates operated for
persistent ductus arteriosus at Copenhagen University 
Hospital (CUH) in the 10-year period from 1 January
1998 to 31 December 2007 and to compare the results
with the  results in extant literature.

MATERIAL AND METHODS
Premature babies (GA < 37 + 0) who underwent PDA 
ligation and were born in the period from 1 January
1998 to 31 December 2007 were identified from the 
database maintained at the Department of Neonatology 
(GN) at the CUH. 

The preoperative details collected included gesta-
tional age, birth weight, the left atrium diameter (LAD)/
aorta diameter (Ao)-ratio of the PDA and the use of indo-
methacin or ibuprofen. Operative details included age
and weight at ligation and the postoperative details 
 recorded comprised outcome, age and cause of death. 
The presence of NEC, interventricular haemorrhage
and paresis of the recurrent laryngeal nerve was also 
 recorded.

The primary goal of the study was to evaluate 
 mortality after surgical closure of PDA; therefore, the
medical charts of any patients who died were further 
 reviewed.

Univariate statistical analysis of the data was 
 performed using Fisher's exact test on categorical 
compa risons of two populations and the Mann-Whitney 
U test on continuous data. All tests were two-sided
and p- values below 0.05 were considered significant. 
95% confidence intervals were used.
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Demographic data.

All neonates 
GA < 28 
weeks

GA ≥ 28 
weeks

n (%) 46 (100) 31 (67) 15 (33)

GA, weeks, mean (range) 26 + 6.5 (23 + 3 to 34 + 0) 25 + 4.2 29 + 4.4

BW, g, mean (range) 943.5 (535 to 1,793) 788 1,266

NA surgery, weeks, mean (range) 29 + 4.7 (25 + 6 to 40 + 4) 28 + 3.4 32 + 2

WS, g, mean (range) 1,104 (525 to 2,520) 964 1,441

BW = birth weight; GA = gestational age; NA surgery = neonatal age at surgery; SD = stan-
dard deviation; WS = weight at surgery.

TABLE 1
RESULTS 
In the 10-year period, 60 premature babies were treated 
surgically for persistent ductus arteriosus at the GN.
A total of 14 (23%) of the 60 neonates who underwent surgical 
ligation were excluded from this study, 12 (20%) because PDA
was complicating another congenital heart disease, and two 
(3%) were excluded because their medical charts were missing.
A total of 46 neonates were thus included in the study.

DEMOGRAPHIC DATA 
The mean gestational age at birth was slightly below 27 weeks,
and postnatal age at operation was three weeks (Table 1).

PREOPERATIVE VARIABLES
All neonates had their PDA diagnosis confirmed by echocardiog-
raphy performed by a paediatric cardiologist. The LAD/Ao-ratio
was recorded in most cases (91%) and varied from 0.97 to 2.7
with an average of 1.9. In 93% of the cases, the ratio was above 
or equal to 1.5. 

In most cases, the LAD/Ao-rate ratio used to support the 
operation indication of ‘‘haemodynamic instability’’, which was
by far the most common indication for surgery. 71% of the pa-
tients were operated on such indication. Other indications men-
tioned were respiratory instability and echo findings, but they 
only constituted 15.4% and 9.6% of the indications, respectively.
A clearly stated indication for surgery was found in almost all 
records (96%). 

Medical closure of the PDA with ibuprofen or indomethacin 
was attempted prior to surgery in 39 out of 46 neonates (93%), 
which was in line with local guidelines [3]. In the seven neonates
undergoing primary  surgery, medical treatment was contraindi-
cated because of NEC, IVH or pulmonary haemorrhage. 

Prior to ductal ligation, the clinical course had been compli-
cated in most patients: Thirty-two had been  mechanically venti-
lated and 24 had been treated with vasopressors. NEC was diag-
nosed in 11 patients, three of whom had been treated surgically.
Six patients were diagnosed with intraventricular haemorrhage
(IVH). At the time of the operation, 39 (85%) were oxygen-
dependent. The mean age at surgery among survivors was 21
days, which is significantly more than the 14 days of age in those 
who died (p = 0.026).

OPERATIVE AND POSTOPERATIVE MORBIDITY
There were no anaesthesia-related complications and
no operative deaths. The incidence of NEC after ductal ligation 
was 8/46 (17%), whereof two also had NEC before surgery. In
five patients, NEC was diagnosed within the first five days after
surgery; the remaining three were diagnosed on days 12, 14 and 
93 postoperatively.

Among the 11 patients who underwent PDA ligation within 
the first week of life, postoperative IVH was diagnosed in four 
patients (36%) (one grade two and three grade four cases).
There were three (7%) cases of paresis of the recurrent laryngeal
nerve and two cases (4%) of chylothorax. 

Clinical courses in patients who died after ductal ligation.

Death 
no.

GA, NA,
AD Notes Conclusion

1 GA: 26 + 1,
NA: 26 + 2, 
AD: 26 + 3

Need of surfactant, mechanical ventilation and 
dopamine after birth 
Indomethacin × 4 without effect
Stabilized briefly after surgery 
Developed IVH grade 4 and life support was
with drawn

Death may be re-
lated to the PDA 
surgery

2 GA: 28 + 5,
NA: 29 + 3, 
AD: 30 + 2

Immediate need for intubation and surfactant
By day 2 clinical signs of NEC and IVH grade 3
were found

Postoperative chylothorax and clinical NEC
Later increasing dilation of the ventricular 
system and the risk of severe disability was 
assessed as very high

The patient’s 
poor preoperative
condition suggests 
that death was
inevitable  regard-
less of surgical clo-
sure of the ductus

3 GA: 26 + 0,
NA: 26 + 4, 
AD: 31 + 4

IVH grade 2. Postoperatively a brief 
improvement of the patient’s general 
condition 
Increasing dilatation of ventricles, BPD,
chylothorax and severe NEC

Due to the 
postoperative 
complications, 
this death might
have been 
surgery-related

4 GA: 25 + 6,
NA: 29 + 3, 
AD: 34 + 2

Intubation, ventilation and Curosurf at birth. 
Haemodynamic and respiratory  instability 
In the first weeks hypotonic with minimal sponta-
neous motor activity, poor  response 
to stimulation 
This impaired neurological development led
to termination of active treatment due to
poor neurological prognosis

In the medical
chart the cause of 
death is described 
as severe asphyxia 
during birth 
Not surgery-
related

5 GA: 23 + 6,
NA: 25 + 6, 
AD: 29 + 2

Dominant bone disease in both parents. 
In the past three preterm births, all infants
died due to complications 
Respiratory support from birth and  development
of severe BPD
Reduced renal function 
Postoperative worsening of renal function.
Treatment terminated due to renal  failure

Death might be 
related to the
PDA surgery

6 GA: 23 + 6,
NA: 26 + 4,
AD: 28 + 4

Hypotonic at birth with bradycardia and 
septic rash
Ventilation, antibiotics,  oxygen, CPAP and Curosurf 
Respiratory instability and frequent apnoea
Medical treatment of PDA without effect 
Postoperative NEC with sepsis

Death may be
surgery-related

7 GA: 24 + 3,
NA: 28 + 0, 
AD: 45 + 3

Uncomplicated course related to the PDA-surgery 
Readmitted at three months due to RS virus
ECMO treatment, but developed severe NEC

Death was not 
related to surgery

AD = age at death; BPD = bronchopulmonary dysplasia; CPAP = continuous positive airway
pressure; ECMO = extracorporeal membrane oxygenation; GA = gestational age ;
IVH = intraventricular haemorrhage; NA = neonatal age at surgery; NEC = necrotising
enterocolitis; PDA = patent ductus arteriosus; RS = respiratory syncytial virus.

TABLE 2
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POSTOPERATIVE MORTALITY
Among the 46 neonates, there were seven deaths (15%),
which occurred between three and 119 days after birth.
Six patients (13%) died during the same admission and
one (2%) during a subsequent admission (Table 2 and
Table 3).

DISCUSSION
The mortality in the cohort was 4.3% at seven days
postoperatively, 8.7% at 30 days, 13% at discharge and 
15.2% overall. In comparison, the 30-day mortality in all 
planned and acute bypass surgery procedures per-
formed at the CUH in 2001-2003 was 2.4% [4]. 

While there are clear local guidelines concerning
the medical treatment of PDA, the decision to perform
surgical ligation is based on an individual assessment of 
the clinical state of each infant. All patients in the non-
surviving group were suffering from serious neonatal 
problems, which were typically circulatory instability, 
and the decision to operate was generally taken within 
the first weeks of life. In all cases, the decision to oper-
ate was supported by echocardiographic findings.

In the present study, the deaths therefore occurred
primarily in children who were in poor condition prior 
to surgical ligation of the PDA. Nevertheless, only two 
deaths could with reasonably certainty be attributed to 
causes other than the surgery. Thus, the possibly sur-
gery-related mortality was 10.9% (confidence interval 
(CI) 1.9%, 19.9%). On the other hand, no death in this 
study occurred in a stable patient who suddenly wor-
sened after the PDA surgery. 

The possibly surgery-related mortality of 10.9% is 
not to be interpreted as mortality which was likely
caused by surgery, but rather as mortality in a group of d
very sick neonatal patients. The mortality rate thus can-
not be used to change the indications for operation, but 
will rather serve as an explanation to parents as infants 
qualifying for operation belong to a very fragile group of 
premature infants.

Necrotising enterocolitis was frequent before as 
well as after surgery. This is not surprising in view of the 
low mean gestational age and as PDA is an independent 
risk factor for development of NEC [5].

We know that the the most of immature babies are 
at considerable risk of having a significant PDA [2] and 
that these babies more frequently do not respond to 
medical treatment and are also more prone to other
complications. The surgical group therefore includes the 
most fragile and sick children [6, 7].

INTERNATIONAL EXPERIENCES
PDA treatment is subject to debate [8]. A Cochrane
review from 2008 [9] identified one randomized con -
trolled trial comparing outcomes of primary surgery with 

primary medical closure of PDA. This study [10] was 
performed in 1983 and evaluated neonates treated for 
PDA in the 1979-1982 period, i.e. before the use of 
antenatal glucocorticoids and postnatal surfactant 
became widespread; and the study concluded that the
published data on the advantages/disadvantages of the 
treatments are insufficient for favouring one treatment 
over another.

A recent study [11] found that the risk of death
without surgical ligation was four times higher for 
 me dical non-responders than for responders, and thus 
speaks for surgical ligation of PDA after attempted
 medical closure. Similarly, Kabra et al [12] found thatl
among 426 preterms with PDA, the mortality rate for 
the group without surgical ligation was 22% versus 14% 
in the group with surgical closure (p < 0.05). Kabra et al,
however, noted that the neonates with symptomatic 
PDA who were treated with surgical ligation had an in-
creased risk of neurosensory impairment, bronchopul-
monary dysplasia and retinopathy of prematurity. Two 
new studies from 2009 also make conflicting conclusions 
[7, 13] (Table 4).

There were not enough subjects in our study to 
 analyse the effects of gestational age or birth weight on 
outcome, but further work on this would be useful since
PDA is most prevalent in extremely premature babies.
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TABLE 3

Comparison of details in the group of survivors and deceased subjects.

Survivors Deceased subjects pa

n (%) 39 (85) 7 (15)

GA, weeks, mean (range) 27 + 1 (23 + 6 to 34 + 0) 25 + 4 (23 + 6 to 28 + 5) > 0.05

BW, g, mean (range) 964 (560 to 1,790) 752 (535 to 1,021) > 0.05

NA, weeks, mean (range) 30 + 0 (26 + 2 to 40 + 4) 27 + 3 (25 + 6 to 29 + 3) 0.026

NA, days mean (range) 21 (1 to 108) 14 (2 to 26) 0.026

WS, g, mean (range) 1,137 (525 to 2,520) 843 (560 to 1,137) –

BW = birth weight; GA = gestational age; NA surgery = neonatal age at surgery; WS = weight at 
surgery; WS = weight at surgery.
a) Mann Whitney U test.

A neonate 
born at 
26 weeks.
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Raval et al [14] discussed this and concluded that a l
higher gestational age, higher birth weight and higher 
postnatal age at operation are associated with a lower
risk of death, as, indeed, also indicated by the results 
from our study. 

In summary, we feel that the mortality of up to
15.2% and the associated morbidity cannot be ignored,
although the deaths might have been inevitable regard-
less of surgical closure of the PDA.

CONCLUSION
The need for ligation of a patent arterial duct in preterm 
neonates is subject to considerable risk. Total mortality 
in this vulnerable group of patients was 15%. Although
there were no procedure-related deaths, severe 
complications and other postoperative morbidity
occurred.
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Reference Year n
Mean
GA

Mean
BW

Mean
NA

Mortality, % 
(total 
mortality)

Our results 2009  46 26 + 6,5 943.5 21 10.9 (15.2) 

Madan et al [7]l 2009 910 – 722.5 – 24.5

Vida et al [13]l 2009  52 25 730 16  5.8

Raval et al [14]l 2007 197 27 955 16 20

Lee et al [16]l a 2006  87 26 799 27-28  8 (20)

Jaillard et al [15]l 2006  58 26 810 ~22  5

Little et al [6]b 2003  72 26 836 19  0 (2.7)

Perez et al [17]l c 1998  40 26 847 –  0 (15)

Gersony et al [10]l d 1983  79 – – – 15

BW = birth weight; GA = gestational age; NA surgery = neonatal age at surgery.
a) The mortality rate of 8% is attributed to complications of the patent ductus arteriosus, but the total
mortality at discharge recorded in the study was 20%.
b) Mean GA and BW for the entire population including in the group of medically treated patients. The 
mortality rate reflects two late deaths which are both ascribed to other complications of prema turity. 
c) All deaths in the study are contributed to other complications of prematurity than patent ductus
arteriosus.
d) The only study included in the 2008 Cochrane Review [10].

TABLE 4
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