
ORIGINAL ARTICLE

Diaphragmatic paralysis among very low birth weight infants
following ligation for patent ductus arteriosus

Kai-Hsiang Hsu & Ming-Chou Chiang & Reyin Lien &

Jaw-Ji Chu & Yu-Sheng Chang & Shih-Ming Chu &

Kin-Sun Wong & Peng-Hong Yang

Received: 8 April 2012 /Accepted: 19 June 2012 /Published online: 5 July 2012
# Springer-Verlag 2012

Abstract Management of diaphragmatic paralysis (DP)
among newborn infants remains controversial, especially for
very low birth weight (VLBW) infants following ligation for
patent ductus arteriosus (PDA). This study aimed to character-
ize the impact of DP after PDA ligation amongVLBW infants.
Clinical characteristics of DP cases treated with either dia-
phragmatic plication or conservative methods were described
as well. The medical records of VLBW infants who underwent
PDA ligation in Chang Gung Memorial Hospital between
January 2000 and December 2011 were retrospectively
reviewed, and DP was suspected if postligation chest X-rays
showed an elevation of the left diaphragm as confirmed by a
chest ultrasonograph. For each DP case, three other infants that
received PDA ligation with proximate birth dates and who
were closely matched in terms of gestational age (±1 week)
and birth weight (±10%) were selected as the control group. A
total of eight preterm infants were diagnosed as having DP and

24 infants were selected as the control group. The affected
infants usually presented with respiratory distress and extuba-
tion failure. The study demonstrated that, among our patient
population, DP was associated with a significantly longer
duration of ventilator dependency (56.1±16.0 vs. 29.8±
17.7 days, p00.001) and a higher incidence of severe bron-
chopulmonary dysplasia (87.5 vs. 23 %, p00.002). For selec-
tive infants with DP-related ventilatory failure after PDA
ligation, surgical plication may facilitate extubation. Diaphrag-
matic paralysis should be evaluated carefully among VLBW
infants receiving PDA ligation because of its adverse impact
on ventilator dependency and correlation to a higher incidence
of severe bronchopulmonary dysplasia.

Keywords Bronchopulmonary dysplasia . Diaphragmatic
paralysis . Patent ductus arteriosus . Preterm infants . Very
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Introduction

Acquired diaphragmatic paralysis (DP), usually a conse-
quence of phrenic nerve injury, is not uncommon during
birth [25] or following iatrogenic procedures such as chest
tube insertion or cardiopulmonary surgery [19]. Unlike
adults or older children, diaphragmatic movement is critical
in the breathing of infants, and thus infants usually present
with respiratory illnesses if the diaphragm becomes para-
lyzed or decreases in movement. Immediate plication of the
paralyzed diaphragm has been suggested, but many other
articles agree to a 2-week observation period for spontane-
ous recovery in the pediatric population [10, 27].

Patent ductus arteriosus (PDA) is a common problem in
preterm infants, especially for very low birth weight
(VLBW, <1,500 g) infants. Since PDA ligation is the most
common cardiovascular surgery performed in this group, we
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therefore focused on the DP issue among VLBW infants
following PDA ligation. Common complications of PDA
ligation include air leak syndrome, pulmonary edema, hy-
potension requiring vasopressor support, and recurrent la-
ryngeal nerve palsy [5, 21]. Recurrent laryngeal nerve palsy-
associated left-sided vocal cord paralysis is a well-known
morbidity following PDA ligation, and the incidence has
been reported as up to 40 % in extremely low birth weight
infants [4]. On the other hand, diaphragmatic paralysis
following PDA ligation has only been mentioned in a few
articles [3, 14, 17, 18, 31]. Furthermore, the increasing
requirement of oxygen after surgical ligation will participate
in the development of bronchopulmonary dysplasia (BPD)
and retinopathy of prematurity (ROP) as well [26].

Management of DP among newborn infants is still con-
troversial, particularly for VLBW infants with DP following
PDA ligation [10, 12, 24, 27]. Oxygen plays an important
role in the pathogenesis of morbidities in preterm infants;
therefore, we queried if hopeful waiting should be applied in
this vulnerable population. Since there was no comprehen-
sive and recent information on this issue, we conducted this
study to compare the outcomes of VLBW infants with and
without DP following PDA ligation. We also compared the
effect among subgroups of infants treated conservatively
and treated with surgical plication. To minimize the con-
founding effects of gestational age (GA) and birth weight
(BW), a case–control method was used.

Materials and methods

This case–control study was conducted in the neonatal in-
tensive care unit (NICU) at Chang Gung Memorial Hospital
and used the NICU database. The database recorded all
infants’ medical information from admission to the NICU
until discharge. Medical records of VLBW infants who
underwent PDA ligation during the period between January
2000 and December 2011 were retrospectively reviewed.

Infants with hemodynamically significant PDAwho failed
or were contraindicated to pharmacological treatments were
selected to receive PDA ligation. Routine postoperative chest
X-rays were arranged for every infant after PDA ligation and
then followed concordantly with the clinical situation. All of
these postoperative radiographs were inspected. Diaphragmat-
ic paralysis was suspected in infants if the postoperative chest
X-ray showed an elevation of the left diaphragm one intercos-
tal space higher than the right side. All suspected cases were
confirmed by chest ultrasonographs and, if decreased dia-
phragmatic movement or paralysis was found, were assigned
to the study group. For each DP case, three other compatible
infants who received PDA ligation with a near date of birth
and closely matched for GA (±1 week) and BW (±10 %) were
selected from the cohort to form the control group (n024),

giving a matching ratio of 3:1. The control patients were also
selected to match the study patient in terms of resuscitation at
delivery, presence of severe IVH (IVH grades III–IV) in the
first 3 days of life, and early-onset sepsis.

Antenatal, perinatal, and neonatal data including GA, BW,
gender, mode of delivery, Apgar scores, need of resuscitation
at delivery, presence of respiratory distress syndrome (RDS),
use of artificial surfactant, demand for oxygen, days of oxygen
dependency, hospital stay, and survival were recorded. Age at
diagnosis and surgical ligation for PDA, age at identification
of diaphragmatic paralysis, age at diaphragmatic plication if
done, and age at extubation were recorded as well. Major
comorbidities of prematurity such as BPD, ROP/severe ROP
(stages 3–5), NEC (≧stage II), and IVH/severe IVH (grades
III–IV) were documented. The definition for BPD was in
accordance with 2001 NICHD criteria [11], in which for
infants with GA <32 weeks BPD is diagnosed with the need
for supplemental oxygen ≧28 days and the severity is evalu-
ated at 36 weeks postmenstrual age as mild (breathing room
air), moderate (need for <30 % oxygen more than 12 h daily),
and severe (need for ≧30 % oxygen more than 12 h daily and/
or positive pressure). Positive pressure means positive pres-
sure ventilation or nasal continuous positive airway pressure
(CPAP), but not high-flow nasal cannula. Infants treated with
oxygen less then 28 days and infants with respiratory support
only for apnea but not for lung parenchymal disease were not
considered to have BPD. Retinopathy of prematurity was
classified according to the international classification of reti-
nopathy of prematurity [1]. Intraventricular hemorrhage was
graded by Papile’s classification system [23].

Statistical analysis was performed using IBM SPSS Sta-
tistics version 19.0. Categorical data were analyzed using
the standard χ2-test or Fisher’s exact test where appropriate.
Continuous data were analyzed using the independent t-test
for between-group comparisons. Because of the nature of
our independent variables and small sample size, simple
linear or logistic regression was not applied. Statistical sig-
nificance was defined as p <0.05. The statistical power was
calculated by using G*Power 3.1 program and assessing at
least 0.8 as standard of adequacy.

Results

A total of eight VLBW infants who underwent PDA ligation
met the criteria for diaphragmatic paralysis during the past
12 years (Table 1). During this period, a total of 236 VLBW
infants received PDA ligation by either of the two cardiovas-
cular surgeons with similar surgical technique. Left mid-
axillary mini-thoracotomy was performed through the fourth
intercostal space with the muscle-sparing method (i.e., pre-
serving the latissimus dorsi). The pleural cavity was entered
and the mediastinal pleura over the proximal descending
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thoracic aorta was opened longitudinally. The ductus was
isolated, looped, and ligated with pledgeted sutures. A chest
tube was routinely placed intraoperatively and usually re-
moved after 24 h if no air leak, hemothorax, or chylothorax
ensued. Incidence of postligation DP was estimated to be
3.4 % among VLBW infants in our study. Seven out of the
eight infants were male. Gestational age ranged from 26 to
29 weeks, and BW varied from 760 to 1,480 g. All affected
infants had a low 1-min Apgar score and required intubation
and mechanical ventilation after birth. Development of RDS
was universal. Artificial surfactant was administrated at least
once for each DP case. Ductal ligation was performed at an
average of 13.8 days of chronological age (range, 9 to
24 days). The mean weight at the time of ligation was
1,005 g (860 to 1,420 g). All target patients were identified
and confirmed with left unilateral diaphragmatic paralysis
within 1 month following surgery, accompanied by varied
respiratory symptoms, including respiratory distress and extu-
bation failure.

Twenty-four patients were recruited into the control
group. There was no significant difference in terms of GA,
BW, mode of delivery, Apgar scores, usage of artificial
surfactant, and age at ligation between DP and control group
(Table 2). Male babies were predominant in the DP group;
however, there was no statistical difference.

Comparing outcomes and major complications, our study
demonstrated that the duration for infants being mechani-
cally ventilated was significantly longer in DP cases (56.1±
16.0 vs. 29.8±17.7 days, p00.001, power00.96), which
could result in a higher incidence of severe BPD (87.5 vs.
23 %, p00.002, power00.93) (Table 3). The days of oxygen
dependency and hospital stay were longer in DP cases but
without statistical difference. By the 2001 NICHD defini-
tion, the diagnosis of BPD was very common in both DP
and control groups (100 and 92 %, respectively), but dis-
similarity emerged if assessed by severity; the longer dura-
tion for infants being mechanically ventilated, the higher the
incidence to develop severe BPD. The incidence of threat-
ening/severe ROP (≧stage 3) was 50 % in our DP cases;
however, there was no statistical significance (50 vs. 17 %,
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Table 2 Demographic data of DP cases and control group

DP cases (n08) Control group
(n024)

p-value

Gender, male 7/8 (88 %) 13/24 (54 %) 0.204

Gestational age (week) 27.5±1.2 27.7±1.2 0.673

Birth weight (g) 1,114±260 1,088±218 0.788

Mode of delivery, VD 3/8 (38 %) 10/24 (42 %) 1.000

Apgar score at 1 min 4±2 5±2 0.063

Apgar score at 5 min 6±1 7±1 0.075

Usage of artificial surfactant 8/8 (100 %) 22/24 (92 %) 1.000

Age at PDA ligation (day) 13.8±6.3 11.3±7.0 0.376
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p00.152). No infant in either group had severe IVH. All DP
cases in our study survived.

In the current study, three of the eight DP cases had
received diaphragmatic plication (cases 5, 6, and 7) and
others were treated conservatively (Table 1). Diaphragmatic
plication was executed via thoracotomy though a minimally
invasive wound at the sixth intercostal space. These three
cases were extubated successfully 3, 4, and 12 days (mean,
6.3 days) after diaphragmatic plication, respectively. How-
ever, the total duration of ventilator dependency (51.7±18.6
vs. 58.8±15.9 days, p00.61) and the duration of postliga-
tion ventilator dependency (43.3±18.5 vs. 41.8±14.6 days,
p00.91) were not significantly different between groups.
Also worthy to note is the fact that the patient in case 5
had not received diaphragmatic plication until weaning from
the ventilator failed three times, which led to a longer
duration (71 days) of ventilator dependency.

Discussion

The overall incidence of diaphragmatic paralysis in children
following cardiac surgery is estimated at 1.2 to 4.6 % retro-
spectively [6, 7, 10, 13, 15, 16, 22]. The most notorious
operative procedure is the creation of the Blalock–Taussig
shunt [24, 26]. The first case in literature reporting DP follow-
ing PDA ligation was in 1977 [31]. Benjacholmas et al.

described short-term outcomes of PDA ligation in 42 preterm
infants and found that one infant had DP and needed surgical
plication [3]. To date, only a few cases were reported in the
literature in this field [14, 17, 18]. The reason was speculated to
be its rare occurrence; however, it could be due to small sample
size as well. With critical review and a larger population in our
study, it seemed that DP incidence among VLBW infants was
as high as that in other pediatric populations after cardiovascu-
lar surgery. Based on our findings, DP should be considered
and diaphragmatic movement should be evaluated if VLBW
infants develop respiratory distress and extubation failure after
PDA ligation.

Our study is the first study using case–control methods to
systemically discuss diaphragmatic paralysis following PDA
ligation in VLBW infants. We demonstrated that VLBW
infants with DP indeed have a longer duration of ventilator
dependency and a higher incidence of developing severe
BPD. Since infants with severe BPD are not only at high risk
for pulmonary morbidity and mortality during the first 2 years
of life but also anticipated to have long-term neurologic and
motor sequelae [29], we believe that these findings merit more
attention and need more aggressive therapeutic strategies.

Previous data showed that one third of paralyzed dia-
phragms will recover spontaneously by a maximum seven
weeks and others will become less symptomatic [6, 16].
Notwithstanding, the situation might differ in infants who
are vulnerable to respiratory complications related to DP due
to cranial displacement of the flaccid diaphragm in the supine
position, weaker intercostal muscles, higher compliance of the
thoracic cage, and more susceptibility to diaphragm fatigue
[20, 22]. The treatment of DP in infants, particularly for
preterm infants, is still a dilemma, and the optimal timing for
plication remains controversial. Immediate plication has been
advocated earlier [2], but a waiting period of 2 to 6 weeks for
infants with DP has also been recommended [10, 15, 27].
Younger patients who have lower weights usually require
more respiratory support. Gallagher and Jog reported two
extremely low birth weight infants with DP after PDA ligation
and advised early plication in such a unique group for the sake
of complications such as BPD [9, 12].

Surgical plication for affected diaphragms has been proven
as a simple and safe procedure with a low complication rate in
treating DP, even in very preterm infants [30]. Evidence also
indicates that it does not interfere with the recovery of normal
diaphragmatic function [28]. In the current study, three cases
were extubated 3, 4, and 12 days post-surgical plication.
Combined with the two previously reported cases that were
extubated 7 and 6 days postoperatively [9, 12], we could
speculate that plication is as effective in treating VLBW
infants as in older patients and that for selected infants with
DP-related ventilation failure surgical plication may facilitate
extubation. Notably, one of the patients (case 5) did not
receive diaphragmatic plication until weaning from the

Table 3 Outcomes and major complications between DP cases and
control group

DP cases
(n08)

Control group
(n024)

p-value

Demand for oxygen

Duration of intubation (day) 56.1 ± 16 29.8 ± 17.7 0.001*

Oxygen dependency (day) 86.8 ± 22.4 70.2 ± 26.8 0.128

Hospital stay (day) 100.8 ± 26.4 84.3 ± 22.8 0.1

Major complication

BPD 8/8 (100 %) 22/24 (92 %) 1

Mild 1 (12.5 %) 6 (27 %)

Moderate 0 11 (50 %)

Severe 7 (87.5 %)a 5 (23 %)b 0.386c, 0.002d*

ROP (≧stage 3) 4/8 (50 %) 4/24 (17 %) 0.152

PDA patent ductus arteriosus, BPD bronchopulmonary dysplasia, ROP
retinopathy of prematurity, CPAP continuous positive airway pressure,
NA not applicable

*p<0.05 (indicates statistical significance)
a Among DP cases with severe BPD, six were with CPAP support and
one was still intubated at 36 weeks' postmenstrual age
b Among the control group with severe BPD, three were with CPAP
support and two were still intubated at 36 weeks' postmenstrual age
c Compare the incidence of moderate and severe BPD between the two
groups
d Compare the incidence of severe BPD only between the two groups
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ventilator failed three times, which ultimately led to a longer
duration of mechanical ventilation. This might be the reason
why we could not statistically show the advantage of plication
in either the duration of ventilation dependency or oxygen-
associated major complication in the current study. We rec-
ommend that plication could be arranged once the diagnosis is
confirmed and the patient’s condition is suitable for surgery.

There are a few limitations of this study that should be
discussed. First, this is a retrospective, single-center observa-
tional study of a small patient population during a long period.
Although a case–control method was conducted, it is difficult
to eliminate all the confounding factors in managing a multi-
factor disease like PDA or BPD. We recognized that the
ventilation policy for extremely preterm infants changed dur-
ing the study period, including the concept of lower target
oxygen saturation, permissive hypercapnia, and early CPAP
instead of endotracheal ventilation [8]. Our strategy was to
enroll control cases with their birth date nearer to each index
case in order to compare cases in a most likely background.
Second, the risk factor for DP could not be clarified in the
current study. Most preligation characteristics were matched in
DP and control group by a case–control method; thus, no
significant difference could be identified. Since PDA ligations
were performed by either of the two experienced surgeons,
who used a similar technique and shared an equal incidence of
developing DP, the operative factor was unobvious. However,
we have to point out that we could not eliminate the influence
of preligation respiratory condition on postligation ventilator
dependency due to missing data in our database and its retro-
spective design. Third, the small sample size limited the statis-
tical result. We failed to present the impact of DP on
developing ROP, a complication usually correlating to pro-
longed oxygen exposure, and the benefit of plication on ven-
tilator dependency. The need for additional data from other
centers about DP following PDA ligation and the need for a
multicenter prospective study of diaphragmatic plication are
important to understand this poorly described complication.

Conclusion

Infants may be complicated after ductal ligation by diaphrag-
matic paralysis, which may explain ongoing ventilator depen-
dency and eventually worsening of bronchopulmonary
dysplasia. Early surgical plication in this select group of infants
may be feasible to facilitate extubation but needs further inves-
tigations for its impact to be systemically evaluated.
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