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Abstract

Phrenic nerve injury can occur as a complication of lung transplantation. A 54-year-old man un-
derwent single-lung transplantation due to interstitial pneumonia. The patient required circula-
tory support with venoarterial extracorporeal membrane oxygenation and was unable to be
weaned from ventilatory support with nitric oxide. Although enhanced CT scanning showed ste-
notic anastomosis of the right pulmonary artery (PA), pulmonary angiograph findings revealed
that PA flow was normal under sedation and considerably decreased with spontaneous breathing.
Fluoroscopy showed that the right diaphragm moved inversely to the position of the left diaph-
ragm, indicating that the right phrenic nerve was paralytic. We performed diaphragmatic plication
7 days after lung transplantation and weaning from ventilator support was accomplished soon
thereafter. Phrenic nerve dysfunction is an important clinical problem following lung transplanta-
tion. In the present case, diaphragmatic plication was effective for treatment of circulatory failure
due to phrenic nerve paralysis even in acute phase after lung transplantation.
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1. Backgrounds

Damage to the phrenic nerve, either unilaterally or bilaterally, is a well-documented complication of cardiac
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surgery, though less commonly reported following lung transplantation [1]. A lung transplantation procedure
involves dissection of the mediastinum and manipulation of the pericardium, and also requires a cardiopulmo-
nary bypass, thus phrenic nerve injury can occur as a complication [2], however, literature data on this compli-
cation are scarce. While some reports showed that phrenic nerve paralysis did not result in significantly adverse
outcome [3] [4], others showed phrenic nerve paralysis caused severe respiratory failure and prolonged intensive
care unit (ICU) and hospital stays [5]. We presented a patient with severe circulatory and respiratory failure due
to phrenic nerve paralysis who underwent diaphragmatic plication during the acute phase after unilateral lung
transplantation, which was highly effective for improvement of circulatory failure.

2. Case Report
2.1. Case

A 54-year-old man was diagnosed with nonspecific interstitial pneumonia (NSIP) and underwent right single-
lung transplantation, with a lung ischemia time of 423 minutes. Following lung reperfusion, the patient showed
moderate hypoxemia (SpO, < 80%), thus we provided venoarterial extracorporeal membrane oxygenation (VA-
ECMO) as circulatory support. He was transferred to the ICU and could not undergo weaning from ventilator
support with nitric oxide (NO). Furthermore, deep sedation was necessary, as awakening resulted in circulatory
failure with increased blood pressure in the pulmonary artery (PA) as well as desaturation. Chest X-ray findings
showed atelectasis of the upper lobe of the right lung on post-operative day (POD) 3 (Figure 1(a)), though
VA-ECMO was removed the same day. Enhanced computed tomography (CT) showed anastomosis of the right
PA that was stenotic (Figure 1(b)), thus pulmonary angiography was performed on POD 6, which indicated that
PA flow found normal under deep sedation became considerably decreased during spontaneous respiration
(Figure 1(c), Figure 1(d)). He also showed the paradoxical inward motion of the abdomen during inspiration.
Fluoroscopy showed that the right diaphragm moved inversely to the left diaphragm, indicating that the right
phrenic nerve was paralytic (Figure 2(a), Figure 2(b)).

2.2. Diaphragmatic Plication for Phrenic Nerve Paralysis

As we considered that this paradoxical breathing pattern affected the PA flow during spontaneous respiration,
the patient underwent diaphragmatic plication on POD 7. The redundant diaphragm was elevated using 2 for-
ceps and a Kelly clamp was placed along the desired suture line to create a diaphragmatic fold. A continuous su-

Figure 1. (a) Chest X-ray image showing atelectasis of the upper lobe of the right
lung on post-operative day (POD) 3; (b) Enhanced computed tomography (CT) scan
image showing stenotic anastomosis of the right pulmonary artery (PA) on POD 5
(arrow); (c) Pulmonary angiograph (PAG) showing normal PA flow (arrow) under
deep sedation; (d) PAG showing considerably decreased PA flow (arrow) during

spontaneous respiration.
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Figure 2. Fluoroscopy findings during spontaneous respiration showing inverse
movement of the right diaphragm to the position of the left diaphragm. (a) Inspiration
phase; (b)Expiration phase. Arrows indicate diaphragm position.

ture with 2-0 Prolenepledgeted with Dacron felt was passed along the base of the fold (Figure 3(a), Figure
3(b)). The right diaphragmatic plication resulted in weaning from ventilator support with NO. Chest X-ray find-
ings showed gradual improvement of atelectasis of the upper lobe of the right lung (Figure 3(c), Figure 3(d)). A
tracheostomy was then able to be performed on POD 9 because it was considered dangerous under unstable res-
piratory condition before diaphragmatic plication. Mechanical ventilation was discontinued on POD 28 follow-
ing the tracheostomy and physical rehabilitation. The tracheostomy was then closed on POD 50 and the patient
was discharged on POD 111.

3. Discussion
3.1. Phrenic Nerve Paralysis after Lung Transplantation

Incidence of phrenic nerve paralysis has been reported ranging from 3% to 30% after lung transplantation
[2]-[4]. Operation-related phrenic nerve injury has been resulted from stretching during retraction of the sternum
and manipulation of the pericardium, oppression for securing a field of view over a deep surgical site, or from
ice slush hypothermic injury to phrenic nerves [5]. In this case, injury to the phrenic nerve might occur during
the division of the pulmonary hilum or be caused by electrocautery for hemostasis. Diaphragmatic paralysis may
initially be suspected because of failure to be weaned from mechanical ventilator support or by paradoxical
movement of the diaphragms in a clinical examination. Diaphragmatic paralysis can be diagnosed by assessment
of movement of the hemidiaphragms by physical examination of the chest wall and abdominal movement during
inspiration, and fluoroscopy or ultrasound findings [6]. In the present patient, deep sedation was needed to
maintain circulatory and respiratory conditions, thus a diagnosis of phrenic nerve paralysis was not possible un-
til performing pulmonary angiography. The paradoxical breathing pattern affected the PA flow during sponta-
neous respiration, thus deep sedation was necessary to avoid circulatory failure. When awakening results in cir-
culatory failure or desaturation after lung transplantation, diaphragmatic paralysis should be considered in the
differential diagnosis of them (Table 1).

3.2. Diaphragmatic Plication

Diaphragmatic placation is performed to improve ventilator mechanics in cases of diaphragmatic paralysis,
leading to a shorter duration of mechanical ventilation support and improved a respiratory function over the long
term [4]. Although diaphragmatic placation has been reported to offer functional improvement in pulmonary
function with low morbidity [7] [8], surgical procedure has larger risks for patient with severe circulatory and
respiratory failure. In our case, since quick recovery from phrenic paralysis was not expected, the aim of diaph-
ragmatic plication was to fix the right diaphragm for increased chest wall ventilation efficiency as well as avoid
mediastinal flutter. Although the patient was dependent exclusively on chest wall motion for breathing after di-
aphragmatic plication, he was able to successfully undergo weaning from ventilatory support. Our findings show
the feasibility of diaphragmatic plication for patients with severe circulatory and respiratory failure due to
phrenic nerve paralysis in the acute phase after lung transplantation.
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Figure 3. (a) Intraoperative view of diaphragmatic placation performed on POD 7.
The redundant diaphragm was elevated and a Kelly clamp placed along the desired
suture line to create a diaphragmatic fold; (b) A continuous suture with 2-0 Prolenep-
ledgeted with Dacron felt was passed along the base of the fold; (c) Chest X-ray im-
ages showing gradual improvement of atelectasis of the upper lobe of the right lung.
Image obtained prior to diaphragmatic placation; (d) Image obtained on POD 14 after
lung transplantation (7 days after diaphragmatic plication).

Table 1. Features of acute phase phrenic nerve paralysis following lung transplantation.

Failure to be weaned from mechanical ventilation
Paradoxical movement of the abdomen during inspiration
Persistent atelectasis

Desaturation or circulatory failure caused by awakening

4. Conclusion

Phrenic nerve dysfunction is an important clinical problem following lung transplantation and has an influence
on cardiopulmonary condition, especially on PA flow. Diaphragmatic plication for patients with acute phase
phrenic nerve paralysis following lung transplantation was effective for treatment of circulatory failure.

5. Consent

Written informed consent was obtained from the patient for publication of this case report and any accompany-
ing images.
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