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 Abstract
Phrenic nerve injury is not frequent, but well recognized complication of birth trauma that caused uni- or 
bilateral paresis/paralysis of diaphragm. There are no generally accepted guidelines of treatment of this 
pathology in newborns.

We presented the first experience of thoracoscopic implantation of diaphragm pacemaker for the treat-
ment of infant with bilateral diaphragmatic paralysis.

A male infant was born transvaginal at 37-38 weeks of gestation. Immediately after delivery, he developed 
severe asphyxia and required the ventilatory support. Diagnosis of Kofferath’s syndrome was established. 
Despite on intensive care, for 7 months child required the mechanical ventilation. With the aim to restore 
spontaneous breathing, the implantation of diaphragm pacemaker was performed initially at the right side 
and next at the left side. The effectiveness of the treatment was confirmed by the electroneuromyography 
and ultrasonography.

Implantation of the diaphragmatic pacemaker may be the method of treatment in infants with bilateral 
diaphragmatic paralysis.
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Introduction

 Phrenic nerve injury is not frequent, but well recognized complication of birth trauma during vagi-
nal delivery caused by cervical plexus injury that in some cases could associated with brachial plexus affect 
[1,2]. The phrenic nerve is the only one that supplies the motility of diaphragm; thus, its injury can result in 
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paresis or paralysis of diaphragm, mainly unilateral, with the subsequent decreasing ventilatory capacity, 
bulging eventration, and respiratory insufficiency [3,4].

 There are no guidelines on how to manage the newborns with diaphragmatic paresis/paralysis [5]. 
Most of these patients required the prolonged ventilatory support or surgery, in patients that cannot wean 
from mechanical ventilation [6]. In case of unilateral diaphragmatic paralysis, the main method of treat-
ment is diaphragmatic plication [7]. However, in newborns with bilateral paralysis the diaphragmatic pli-
cation often didn’t improve the respiratory function and required prolonged mechanical ventilation [8].

 We presented the first experience of thoracoscopic implantation of diaphragm pacemaker for the 
treatment of infant with bilateral diaphragmatic paralysis.

Case Report

 A male infant weighting 2.750 g was born transvaginally at 37-38 weeks of gestation (11.09.2020). 
Immediately after delivery, he developed severe asphyxia, which caused by funicle entwine, and required 
the ventilatory support. Due to that, September 11, 2020, he was transferred to the intensive care unit of 
our clinical hospital.

 At the time of admission, he exhibited prominent respiratory failure with paradoxical breathing. On 
admission, his vital signs were as follows: heart rate 132 bmp, systolic blood pressure 72 mmHg, respira-
tory rate 48 bmp, and oxygen saturation 68% on room air. He was intubated and mechanical ventilation 
was started with pressure synchronized intermittent mandatory ventilation regime: FiO2–40%, PEEP–15 
mm H2O, rate – 26 bmp.

 Right diaphragm was elevated on the level of III rib and left – on the level of V rib with the asynchro-
nized movements on a fluoroscopic examination (12.09.2020).

 Diagnosis of Kofferath’s syndrome (trauma of brachial plexus, spinal cord on the CIII-CV level) was 
established.

 Except of mechanical ventilation patient received the symptomatic therapy directed to restoration 
of nervus phrenicus function: Cerebrocurium – 2 mg on time in 2 days, Agvantar – 200 mg/day, and Benda-
zolum – 1 mg/day.

 On MRI (30.09.2020) was revealed the straightened cervical lordosis, bodies of the cervical verte-
brae of a normal configuration with a preserved cortical layer.

 Attempts to wean the infant from the respiratory support over two months were unsuccessful (pro-
minent decrease of oxygen saturation up to 82%), due to that tracheostomy was performed (11.11.2020), 
and next 7 months child required mechanical ventilation through tracheostoma.

 On May 27, 2021, the electroneuromyography was performed – M-answer from nervous phrenicus 
is unstable, with the sharply decreased of amplitude on the right side and moderate decrease on the left 
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side. Conclusion: Ischemic cervical myelopathy with the partial effects of both nervous phrenicus (more 
prominent of the right side).

 Considering, the bilateral character of affection, impossibility of spontaneous breathing, and da-
mage of nerves phrenicus, it was decided to do not apply the diaphragmatic plication but implanted the 
Diaphragm Pacemaker (Avery Biomedical Devices, Inc. USA) (Figure 1). The informed consent of parents 
for the applying of such method of treatment was received.

 On June 20, 2021, under the thoracoscopic guidance separated the right nervus phrenicus with the 
fixation of the Diaphragm Pacemaker on it (Figure 2).

Figure 1: View of diaphragm pacemaker. Figure 2: Thoracoscopy. Applying of pacemaker.

 On control electroneuromyography (June 26, 2021), the amplitude of the M-response on the right 
diaphragm increasing during the pacemaker functioning.

 On July 14, 2021, the implantation of the Diaphragm Pacemaker on the left nervus phrenicus was 
performed.

 After that, the spontaneous breathing restored without of need in respiratory support. The child 
was discharged from hospital on July 18, 2021.

 On control electroneuromyography (August 9, 2021), the positive dynamic was noted on both sides.

 On control ultrasonography (October 10, 2021), at M-mode the synchronous movements of the 
diaphragm and chest were noted.

 For the present time, child breathing spontaneously (Figure 3), do not require respiratory support, 
and physically does not differ from peers.
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Figure 3: Postoperative chest radiograph. Pacemakers pointed by arrows.

Discussion

 The diaphragm is the main inspiratory muscle that innervated by the right and left phrenic nerves, 
which are branches of the cervical plexus [5]. Paresis or paralysis of diaphragm, if is it not associated with 
the diaphragmatic hernia, is caused, in most newborns, by excessive cervical extension during delivery, 
occasionally combined with brachial plexus palsy, or cardiac surgery [2,9]. An incidence of phrenic nerve 
injury due to the birth trauma is 1 per 15,000-30,000 live births with estimated mortality of 10-15% [10-
12]. In most cases, it was unilateral injury predominantly affecting the right side [13].

 The diaphragm is an important inspiratory muscle in newborns, especially those born prematurely, 
and together with the intercostal muscles, it creates the force that ensures normal breathing in the child. 
Correspondingly, the paresis/paralysis one or both dome of diaphragm, the intercostal muscles must per-
form a dual function. Newborns has a relatively few fatigue-resistant type I fibers in respiratory muscles 
and due to that its endurance is limited [14]. Besides this, newborns spend more times in supine position 
that makes breathing especially difficult in case of paresis/paralysis of the diaphragm, and newborns inter-
costal muscles are the postural muscles, which inhibited during sleeping that its ability to compensate of 
diaphragmatic weakness is limited [14,15]. All of these determines the development of severe respiratory 
disturbances in a newborn with diaphragmatic paresis/paralysis.

 Diaphragmatic paralysis presented as nonspecific respiratory disturbances with tachypnea, parado-
xical breathing, cyanosis, and increased work of breathing [5,6,16] that consistent with our data.

 Plain chest radiography/fluoroscopy and ultrasonography are the gold standard for confirmation of 
paresis/paralysis of diaphragm [5,17]. Diaphragmatic asymmetry is not present in bilateral diaphragmatic 
paralysis [9], however, in our case both hemidiaphragms were elevated with more prominent elevation on 
right side.

 There are no guidelines for the management of newborns with continued respiratory distress caused 
by diaphragmatic paralysis [5,17]. There are few management options in case of diaphragmatic paresis/
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paralysis: 1) some authors advocated the waiting management tactic for 2-4 weeks due to the possibility 
of spontaneous recovery of phrenic nerve palsy [12,19]; 2) Initial supportive management includes inter-
mittent positive pressure ventilation by nasal or oral mask, or mechanical ventilation in cases of severe 
respiratory distress [20,21], in case of prolonged ventilation, the ventilation through tracheostomy should 
be applied [9,22] with subsequent surgery, or 3) immediate diaphragmatic plication with the aim to reduce 
the need for mechanical ventilation, duration of hospital stay, and pulmonary infections [23,24].

 The inability to wean from mechanical ventilation advised as indication for surgery [23,25]. The 
diaphragmatic plication via thoracoscopy or thoracostomy is the viable option in the surgical management 
of diaphragmatic paresis/paralysis independently of its etiology [8,9,11,23,24]. However, diaphragmatic 
plication is more effective in case of unilateral paralysis [23,24], and in case of bilateral paralysis its often 
required the prolonged oxygen therapy [8,11] or even consider as contraindication for plication [26].

 Radecki and Tomatis firstly applied the eltctrophrenic pacing in an infant with diaphragmatic para-
lysin in 1976, however the child died at age 11½ month due to sepsis caused by confluent bronchpneumo-
nia [27]. The recent experimental study of Kratz et al. confirmed that phrenic nerve seems to be the best 
location for direct stimulation by a unilateral thoracic diaphragm pacemaker [28]. In our case, the child re-
sumed physical activity and did not require respiratory support for more than 36 months after pacemaker 
implantation.

Conclusion

 Implantation of the diaphragmatic pacemaker may be the method of treatment in infants with bila-
teral diaphragmatic paralysis.
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