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Abstract

Background: Diaphragmatic paralysis (DP) is a rare
cause of respiratory distress in newborns with
potentially severe outcome. Two cases illustrate the
clinical presentation, etiology, evaluation, treatment,

and outcome of diaphragmatic paralysis in newborn.

Cases presentation: First, a 890 g male preterm of
26 weeks who developed a left DP after pleural drain
placement and completely recovered within 6 to 9

months without surgery. The second case, a female
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neonate born at 38 1/7 weeks of gestation, developed
a right DP secondary to obstetrical trauma with
associated Erb’s palsy and completely recovered

spontaneously within one week.

Conclusions: Diaphragmatic paralysis is a rare but
potentially life-threatening condition in newborns.
Indications and timing for surgical or conservative
treatment remain controversial. DP management

should be addressed in a multidisciplinary manner.
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With optimized respiratory and feeding management,
spontaneous favorable outcomes may be expected,
avoiding long-term complications of a surgical
plication, but require concerted expectant
management and considerable time. Our cases

encourage supportive expectant management.

Background

The first case of unilateral diaphragmatic paralysis
(DP) was reported in 1902 by Naunyn and published
cases remain sporadic. DP is a rare cause of
respiratory distress in neonates, mostly caused by
ipsilateral phrenic nerve injury after cardiac surgery
or obstetrical trauma [1-3]. More than in adults,
breathing in infants strongly depend on their
diaphragm. In addition, in the newborn poor
compensatory respiratory mechanisms lead to serious
complications with often prolonged ventilatory
support, weaning failure, repeat infections, prolonged
hospital stay and even death [1, 3]. Approximately 2-
6% of newborns with shoulder dystocia related
brachial plexus injury (BPI) develop DP with large
differences in spontaneous recovery [3-5]. Pleural
drain placement for pneumothorax is a common
practice in neonatal intensive care units but
occurrence of iatrogenic DP remains excessively rare,
with only sparse literature reporting mostly favorable

spontaneous recovery after prompt drain withdrawal

[6].

Early diagnosis of DP allows planning of proper
management, follow-up and surgery, when indicated.
Careful ventilatory and feeding strategies are
keystones of supportive approach. The choice
between a conservative or surgical approach highly
depends on the expected spontaneous recovery
potential weighted against the clinical severity of the

condition. Despite growing literature advocating
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favorable clinical outcomes and security profiles of
early hemidiaphragmatic plication in newborns, clear
prognostic tools for time-guided management are
lacking[2, 3]. We report two exemplary cases of DP,
one after pleural drain placement, the other secondary
to obstetric trauma, and complete with a literature

review.

2. Case description

2.1 Casel

The 26 weeks’ gestation, 890 g (p25-50) male
preterm, was born by emergency C-section from a
2P3G mother for placenta praevia hemorrhage, after
completed pulmonary maturation. APGAR score was
8/9/10 at 1, 5 and 10 minutes, and continuous
positive airway pressure (CPAP) with FiO2 0.3 was
needed for RDS at birth. In the NICU he was
intubated at 10 hours for increasing oxygen
requirements and received two administrations of
surfactant within the first 24 hours, the second
rapidly followed by extubation. The chest x-ray
follow-up showed a right pneumothorax and
motivated a pleural drain placement (pigtail tube 5Fr)
with successful air drainage. On 2 day of life (DOL),
the patient developed a left pneumothorax with
hemodynamic compromise (Fig 1a). After fentanyl
and atropine, an emergency left pleural drain was
placed in the 5" intercostal space (ICS) on the
anterior axillary line with subsequent re-intubation
for shallow breathing. The procedure was marked by
a hemothorax (4 ml blood aspiration through the
pleural drain) that required transfusion. No further
bleeding occurred, and radiographic findings
excluded a significant hemothorax. A favorable air-
leak progression allowed right and left pleural drain
withdrawal at day 3 and 5, respectively, followed by

extubation to nasal CPAP.
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Figure 1: Chest radiographs: (a) 2 DOL new left pneumothorax. Note the emphysematous aspect of left lung and

the right chest tube already in place. (b) 8 DOL ultrasonography with nearly absent left hemidiaphragm motion.

At 7 DOL increasing respiratory compromise with
hypercapnia (pH 7.13; PCO2 11.6 kPa) prompted a
chest x-ray showing a left hemidiaphragmatic
elevation. The oblique transverse diaphragmatic
ultrasound in the subxiphoid plane confirmed the

absence of left diaphragm movements compared to
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the contralateral hemidiaphragm (Figure 1b). A left
DP was strongly suspected, either from phrenic nerve
trauma or from irritation by the pleural hemorrhage
during drain insertion. On frontal radiograph, the

pleural tube position overlapped the diaphragmatic
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silhouette, with more than 2 cm distance from the

tube tip to mediastinum and vertebrae.

After extubating the patient, non-invasive Neurally
adjusted ventilatory assist (NAVA) was initially used
with low benefits on CO2 washout, followed by nasal
high frequency oscillatory ventilation (nHFOv)
providing efficient support whilst still allowing
permissive pCO2 levels (mean PCO2 11.7 kPa). Due
to critically poor tolerance in right decubitus, the
patient was nursed in alternating left-sided positions.
Poor tolerance to nasogastric tube feeding with
frequent feeding-associated episodes of apnea-
bradycardia-desaturation and reduced postnatal
growth led to continuous enteral feeding via a post-
pyloric oro-duodenal tube from the 22nd DOL,
undeniably followed by a nutritional improvement.
Full oral feeds were reached at 34 DOL, with a
satisfactory weight gain on a volume restricted (130
ml/k/d) high caloric diet (1 Cal/ml).

Progressive improvement allowed a relay from
nHFOv to CPAP on day 31, high flow on day 51, and
low flow on day 67. At 74 DOL, ultrasound
demonstrated first small diaphragmatic movements
with full ultrasonographic recovery at 9 months. At
36 weeks corrected gestational age (70 DOL), formal
evaluation confirmed a moderate bronchopulmonary
dysplasia (Walsh criteria) without retinopathy. Full
weaning from oxygen was achieved at 99 DOL. A
nocturnal oxycapnometry confirmed satisfactory
ventilation and alveolar oxygenation and patient
dismissal home at 112 DOL without any respiratory
support, with a weight of 3900g (P50-75).

2.2 Case 2

A female neonate was born to a 24-year-old G5P2 at

38 and 1/7 weeks of gestation. The pregnancy was

Archives of Clinical and Biomedical Research

DOI: 10.26502/acbr.50170238

marked by a poorly controlled type 1 maternal
diabetes and a significant weight gain of 24 kg. To
note, an antecedent of macrosomia with shoulder
dystocia at a prior delivery. In consideration of risk
factors, including an estimated fetal weight on the
98" centile, an induced delivery was planned at 38
2/7 weeks of gestation. A baby girl was born 1 day
ahead of the planned date. Birth weight was 4745g
(>P95). The vaginal delivery was complicated by
shoulder dystocia, requiring obstetrical maneuvers
(two Mac Roberts maneuvers and one Jacquemier
maneuver), but no instrumentation. Variable
decelerations were noted during delivery and
amniotic fluid was meconium stained. The APGAR
score was 3, 3, and 7, at 1, 5 and 10 minutes
respectively, and the arterial and venous umbilical
cord pH values were 7.21 and 7.26. Bag and mask
ventilation was necessary for 10 minutes due to
absent breathing and subsequently transitioned to
nasal CPAP for respiratory distress. Due to
respiratory distress with high oxygen dependency the
girl was then nasotracheally intubated. The first chest
x-ray at 20 minutes of life showed a right
hemidiaphragm elevation (figure 2a). Diaphragmatic
ultrasound was performed and confirmed absent right
hemi-diaphragm and normal left hemi-diaphragm
movements (figure 2c). The right upper extremity
remained adducted with internal rotation and minimal
movements. On examination a significant weakness
of the wrist and fingers extensions as well as shoulder
abduction was consistent with Erb’s palsy. We
concluded to an ipsilateral phrenic nerve injury with
hemi-diaphragmatic paralysis secondary to right BPI.
During the first day of life, we also observed spells of
persistent fetal circulation with documented

pulmonary hypertension.
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Figure 2¢

Figure 2b
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Figure 2: (a) Chest radiography showing right elevation of hemidiaphragm. (b) Chest radiography

showing symmetry of the 2 diaphragmatic domes. (c) Focus ultrasonography showing elevation and

absence of movement of the right hemidiaphragm.

The respiratory outcome was rapidly favorable,
allowing extubation at 24 hours of life and weaning
from CPAP at 4 DOL. The chest x-ray and focus
ultrasonography confirmed resolution of the hemi
diaphragmatic paralysis within one week (figure 2b).
At 3 months the girl had complete resolution of the
Erb’s palsy but had required a gastrostomy for
motoric oral feeding difficulties of unknown origin.

At 8 months, she had a normal psychomotor
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development except residual axial hypotonia and she

still has failure to thrive of unknown origin.

3 Discussion

3.1 Epidemiology

With only few cases reported in the literature, the
exact incidence of DP in neonates is not known.
latrogenic DP after pleural drain is by far less
common than after cardiac surgery, particularly PDA
ligation, with an estimated incidence of 5% [1, 7] ,
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and obstetrical trauma with an incidence between
1/15°000 and 1/30°000 live births [8], but affecting 2-
6% of newborns with BPI. Very few other etiologies
were reported in the literature; neck surgery,
congenital varicella syndrome [9], lower brainstem
hemorrhage, and associations with congenital
hypomyelination  neuropathy and  congenital
myotonic dystrophy [10]. Subclavian or jugular
catheter insertion or also peripherally inserted central
catheter lines with diffusion of parenteral nutrition
around the phrenic nerve have also sporadically been

reported [2].

3.2 Physiopathology and presentation of DP
Whatever the etiology, the younger the patient, the
less DP is tolerated. The higher diaphragmatic
dependence for adequate gas exchanges is explained
by the high chest wall compliance and mediastinal
mobility, hindering contralateral lung function as a
compensatory mechanism [4]. DP typically presents
as respiratory distress with an asymmetrical breathing
pattern and paradoxical breathing. Gastrointestinal
manifestations such as gastroesophageal reflux or
vomiting [2], or digestive intolerance are common, as
reported in our first case, probably secondary to
ascension and reduced capacitance of the stomach.
Unexplained weaning difficulties from mechanical
ventilation, increased oxygen requirement and
tachypnea are other clinical features that may reveal
DP [11].

DP spectrum extends from minor traction palsy with
rapid recovery to more severe injury leading to
chronic respiratory failure, with an average
spontaneous recovery delay from 7 days to 6 months
[9]. Atelectasis and recurrent pneumonia are the more
frequent midterm complications [2]. Increased work

of breathing and chronic hypoxia may cause failure
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to thrive [3]. In the most severe cases, such as in our
second case, persistent pulmonary hypertension and
neurodevelopmental delays have been reported [2]. In
summary, DP may lead to prolonged hospital stay,
infections, failure to thrive, developmental delays,

and even death [1].

3.3 Pleural drain

Pleural drain associated DP is very rare. Pigtail
catheters have an excellent safety profile, and are
today considered more secure than straight tubes,
though occasional complication may occurs [12].
Reed and al. underlined that contextual emergency
during the pleural drain procedure and the catheter
length were both associated with higher phrenic
nerve injury rate [13]. Mechanism of phrenic nerve
injury reported are axonotmesis caused by pleural
drain friction or compression, or necrosis and edema
due to hemorrhage, but also direct stretching of the

phrenic nerve due to tension pneumothorax [14,15].

From a procedural point of view, a safety margin
between the pleural drain tip and the mediastinum or
vertebrae of lcm for newborn [14] and 2cm for
children [12] is recommended on frontal chest x-ray.
Nakagama and al. review 13 cases of DP due to drain
malposition and report 6 spontaneous recoveries,
suggesting favorable outcome after prompt drain
withdrawal (less than 4 days). The maximal observed
delay to full spontaneous recovery was 3 months.
They proposed phrenic nerve compression as the
causal mechanism, whose duration is crucial
regarding the chances of recovery [6]. Our first case
had removal of the drain at 4 days, however without
rapid recovery, suggesting a traumatic injury rather
than compression or irritation secondary to

hemothorax.
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3.5 Shoulder dystocia

Nerve traction injury is a known complication of
shoulder dystocia during vaginal delivery, most often
resulting in a BPIl. However, 2-6% of infants with
BPI also develop DP [3-5, 8]. Such patients may
have associated fractures and poor adaptation, such
as in our second case [2]. Most phrenic nerve injuries
are ipsilateral to brachial plexus palsy (4,5); the right
hemi-diaphragm is affected more often in 70-80% of
cases [8, 11]. Risk factors of simultaneous phrenic
nerve and BPI include breech presentation, maternal
diabetes, instrumental extraction, shoulder dystocia,

macrosomia and uterine malformations [3,4, 11].

The mortality associated with birth trauma DP is
estimated 10-15% (4,8). BPI severity does not
correlate with the severity of the respiratory disease
(4), but concurrent DP and BPI predict often poor
motor BPI recovery (5). The literature reports large
differences in spontaneous recovery of DP associated
with birth injury. Bowerson (4) and Stramrood (16)
report that 70-75% of newborn needed diaphragmatic
plication, while in the study of Rizeq (3) and Yoshida
(5) only 23% and 5% underwent surgical repair,
respectively. Our case showed a spontaneous
recovery of the DP within one week and of Erb’s

palsy after 3 months.

3.6 Diagnosis and follow-up of DP

Despite its low sensitivity, with false negative
imaging due to respiratory support, chest X-rays
represent a simple first investigation to detect an
abnormally elevated hemidiaphragm. An elevation of
more than one intercostal space (ICS) on the left side,
and more than two ICS on the right side are
considered relevant. It is advised though to realize the
chest x-ray on spontaneous ventilation. Ultrasound is

advantageous in allowing a dynamic diaphragmatic
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assessment, is feasible at bedside, and valuable for
regular follow up. A transverse B-mode ultrasound in
the subxiphoid plane may detect hemi-diaphragmatic
dysfunction compared to the healthy hemi-
diaphragmatic movement and precise local

anatomical relations [17].

In a series of 278 pediatric patients, Epelman and al
showed that the frontal chest radiograph had a low
sensitivity(Sn) of 34% only to detect abnormal
diaphragmatic motion, a specificity (Sp) of 86%, a
positive predictive value (VPP) of 85% and negative
predictive value (NPV) of 37% comparing to M-
mode US [18]. Although fluoroscopy has historically
been considered the gold standard for the diagnosis
of DP, ionizing radiation and risks of patients
transportation needs, made it obsolete [2]. A
prospective study on 25 patients with post-cardiac
surgery DP showed that US was perfect in predicting
fluoroscopy result (100% Sn, Sp, PPV, NPV).
Moreover, it significatively reduced the mean delay
to diagnosis, from 17 hours for fluoroscopy to 15
minutes for US [9].

The use of electrophysiology studies with compound
muscle action potential (CMAP) and conduction
analysis after magnetic or electrical phrenic nerve
stimulation are promising [2, 9, 20]. The prognostic
contribution of this technique resides in categorizing
the injury, for example distinguishing between
contusion (prolonged latency) and laceration (absent
signal), thus guiding clinicians in the choice between
conservative or surgical therapy (16); a poor re-
innervation pattern on the EMG is predictive of an
inadequate recovery [2, 21]. Unfortunately, this
practice remains today accessible in only few specific
centers and its application may not be handy in the
NICU context.
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3.7 Management of DP

3.7.1 Conservative management

The first goal of neonatal DP management is the
respiratory stabilization to restore adequate gas
exchanges. CPAP alone is recognized to alleviate
tachypnea and improve respiratory distress in such
patients [5] and neurally adjusted ventilatory assist
(NAVA) appears to be associated with less
complications [2]. Roosens et al describe that the
electric signal of one single hemi-diaphragm is
sufficient to trigger non-invasive ventilation (NIV-
NAVA): an optimal synchronization of the
ventilation with the healthy hemi-diaphragm appears
to compensate the dysfunctional hemidiaphragm [22]

and may avoid (re-)intubation.

In our single case experience (first case), NIV-
NAVA was ineffective to clear CO2, as the high
driving pressures required resulted in abdominal
distention and discomfort. However, nasal high-
frequency oscillation (nHFOv) was effective for CO2
clearance at lower mean airway pressures (max
15mmHg). Generally, patients require mechanical
ventilation for stabilization, with risk of weaning
failure. Unfortunately, long term mechanical
ventilation exposes to volo-/barotrauma, pneumonia
and might induce diaphragm atrophy even of the
healthy side [23].

Likewise, long term oxygen therapy favors chronic
lung disease and development of its free radial
complications such as retinopathy in preterm
neonates and chronic lung disease. For most patients,
weaning from the ventilator still requires several
weeks [4] and alternate non-invasive ventilation

strategies appear promising.
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3.7.2 Surgical management with plication

Surgical plication of the diaphragm by thoraco- or
laparoscopic approach is the most common
therapeutic  intervention and  presents less
complication than classical open thoracotomy.
Diaphragmatic plication decreases lung compression,
stabilizes the thoracic base, mediastinum, thus
supporting respiratory and abdominal muscles [24].
The security profile of the procedure, which doesn’t
prevent subsequent recovery of the diaphragm
motility, is now well accepted [2]. There is no clear
consensus though, on the best timing of surgical
repair that remains controversial. As learned mainly
from studies following cardiac surgery or post-
obstetrical trauma, early plication for DP seems
rapidly beneficial for the respiratory improvement
compared to the relatively slow spontaneous
recovery. This was particularly true in children
younger than 1 year old with increased mortality risk
due to mechanical ventilation exceeding 10 days [1,
11].

The literature review reports the earliest interventions
at 10 days of life extending up to 15 months, with a
median age at surgery of 35 days [3]. More recent
studies suggest surgical repair should be rapidly
considered despite a possibility of spontaneous
recovery, particularly for infants with respiratory
insufficiency, where more aggressive intervention
results in a shorter total hospital stay, lower costs,
and lower readmission rates. The intervention is
considered simple, safe and durable, even in
extremely low birth weight neonates [3, 21, 24, 25].
The suggested best age for surgery in obstetrical
trauma DP varies from 19 days (16) to 45 days (2),
with an apparent 30 days threshold below which a
better ventilatory outcome and lower morbidity can

be expected [8]. Indications mainly rely on patient’s
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age, dependence on respiratory support, weaning
failure and failure to thrive.

Our first patient recovered before the surgical
management time-threshold, but illustrates the direct
and indirect morbidities of DP, with prolonged
mechanical ventilation, oxygen exposition and
hospital stay, as well as infectious risk associated
with the development of chronic lung disease. Our
second patient on the other hand required prolonged
recovery time and we can wonder whether a
diaphragmatic plication would really have improved
our first patient’s outcome. Different factors, the
etiology, the patient’s mild clinical condition, and
notably the response to novel ventilation strategies
guided our management. Regardless of the short and
long-term benefits of a conservative vs surgical
approach, this case highlights novel strategies to
support DP, particularly the respiratory and
nutritional modalities that significantly impact the

disease outcome.

Rare follow up studies of neonatal DP suggest some
loss of respiratory function and exercise capacity,
whether surgically managed or not (10,23). There is
however, a critical lack of clinical trials evaluating
efficacity of early diaphragmatic plication in
neonates and children. Prospective studies, including
possibly electro-physiologic evaluations, may help
categorize severity of phrenic nerve injury and
spontaneous recovery potential and thus improving

future DP management.

4 Conclusion

DP in neonates is a rare but serious cause of
respiratory compromise. Cardiac surgery and birth
trauma are the main causes of phrenic nerve injury;

DP should therefore be part of the differential
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diagnostic in neonatal respiratory compromise in
patients with complicated delivery or after cardiac
surgery. latrogenic DP after pleural drain insertion is
a very rare and potentially life-threatening condition.
Ultrasound, accurate and easy to perform, is the
modality of choice to visualize diaphragmatic motion
in children. Supportive care, with complex
respiratory and feeding management is crucial for a
favorable conservative outcome. We believe the
clinical condition and progress, as well as the
complications and duration of conservative
management should be balanced against a surgical
intervention as reinnervation may occur even months
after the primary insult. Neonatal DP management
needs to be addressed in a multidisciplinary team of
neonatologists, surgeons and radiologists.

Nomenclature:

DP: diaphragmatic paralysis

BPI: brachial plexus injury

CPAP: continuous positive airway pressure
ICS: intercostal space

DOL.: day of life

NAVA: Neurally adjusted ventilatory assist
HFO: high frequency oscillatory

nHFOv: nasal high frequency oscillatory ventilation
PDA: patent ductus arteriosus

US: ultrasonography

CMAP: compound muscle action potential
EMG: electromyography

NIV-NAVA: non-invasive NAVA

MRI: magnetic resonance imaging
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