
Respiratory Medicine Case Reports 33 (2021) 101455

Available online 24 June 2021
2213-0071/© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Bilateral phrenic nerve block as an effective means of controlling 
inspiratory efforts in a COVID-19 patient 

Ryuichi Nakayama a,*, Yusuke Iwamoto a, Naofumi Bunya a, Atsushi Sawada b, 
Kazunobu Takahashi b, Yuya Goto c, Takehiko Kasai a, Ryuichiro Kakizaki a, Shuji Uemura a, 
Eichi Narimatsu a 

a Department of Emergency Medicine, Sapporo Medical University School of Medicine, South 1, West 16, Chuo-ku, Sapporo, Japan 
b Department of Anesthesiology, Sapporo Medical University School of Medicine, South 1, West 16, Chuo-ku, Sapporo, Japan 
c Department of Intensive Care Medicine, Sapporo Medical University School of Medicine, South 1, West 16, Chuo-ku, Sapporo, Japan   

A R T I C L E  I N F O   

Keywords: 
COVID-19 
Acute respiratory distress syndrome 
Patient self-inflicted lung injury 
Neuromuscular blocking agents 
Phrenic nerve block 
Case report 

A B S T R A C T   

Bilateral continuous phrenic nerve block effectively regulates refractory persistent, strong inspiratory effort in a 
patient with coronavirus disease (COVID-19). A 73-year-old man with acute respiratory distress syndrome 
(ARDS) due to COVID-19 was admitted to the intensive care unit (ICU). Use of neuromuscular blocking agents 
(NMBAs) was stopped due to uncontrollable strong inspiratory efforts and worsened lung injury. We performed 
bilateral continuous phrenic nerve block, which suppressed inspiratory efforts, resulting in lung injury 
improvement. A bilateral continuous phrenic nerve block is a viable alternative to control refractory strong 
inspiratory effort leading to lung injury in cases with prolonged NMBA use.   

1. Introduction 

Patients with acute respiratory distress syndrome (ARDS) due to 
coronavirus disease (COVID-19) require mechanical ventilation [1]. 
Spontaneous breathing with mechanical ventilation has been reported 
to contribute to lung injury, especially in severe ARDS [2]. Lung damage 
caused by strong respiratory efforts is called “patient self-inflicted lung 
injury” (P-SILI) [3], which may exacerbate ARDS due to COVID-19 [4]. 
Oesophageal pressure (Pes) measurement, which reflects pleural pres-
sure [5], detects excessive inspiratory efforts [6]. Tonelli et al. showed 
that spontaneous breathing with a tidal change in oesophageal pressure 
(⊿Pes) of ≥10 cm H2O was excessive [7]. Short-term use of neuromus-
cular blocking agents (NMBAs) is recommended for strong spontaneous 
breathing that cannot be controlled by ventilator setting adjustment and 
sedation [8]. However, the prolonged use of NMBAs leads to intensive 
care unit-acquired weakness (ICU-AW). Methods to control intractable 
excessive spontaneous breathing have not yet been established. In this 
study, bilateral continuous phrenic nerve block effectively regulated 
refractory persistent strong inspiratory effort in a patient with 

COVID-19-related ARDS. 

2. Case presentation 

Nine days prior to ICU admission, a 73-year-old man developed fever 
and cough and showed a positive polymerase chain reaction result for 
severe acute respiratory syndrome coronavirus 2. He had a history of 
hypertension, diabetes, chronic obstructive pulmonary disease, obesity 
(body mass index: 32.7 kg/m2), and smoking (20 pack-years). He was 
referred to our ICU for the treatment of hypoxemia. 

On ICU admission, he was alert, and his blood pressure was 97/52 
mmHg with a regular heart rate (75 bpm). He was febrile with a body 
temperature of 37.8 ◦C, and his respiratory rate was 24 breaths/min 
with an SpO2 level of 91% (oxygen mask: 5 L/min). Physical examina-
tion revealed vigorous spontaneous breathing, such as shoulder 
breathing, and mechanical ventilation was initiated. The P/F ratio was 
149 with a 16 cm H2O positive end-expiratory pressure (PEEP). Chest 
computed tomography (CT) showed atelectasis of the dorsal lower lobe 
and multiple bilateral ground-glass shadows (Fig. 1-A). 
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Lung-protective ventilation and prone ventilation were performed. 
However, termination of the NMBAs resulted in spontaneous breathing 
with a ΔPes exceeding 10 cm H2O and exacerbation of oxygenation. 
Administration of NMBAs was continued because his strong respiratory 
efforts could not be controlled by adjusting the ventilator setting, 
sedation, or a high PEEP. 

On the 19th day after ICU admission, the inflammatory response 
remained high; thus, we started administering prednisolone (0.5 mg/kg) 
to control hyperinflammation of the lung injury after ruling out other 

infections. NMBAs were terminated on day 41 after confirming a 
decrease in the inflammatory response and an improvement in infiltra-
tive shadows on CT (Fig. 1-B). However, the patient still exhibited strong 
inspiratory effort. Lung compliance and the P/F ratio decreased, while 
the inflammatory response increased. When NMBAs were restarted on 
day 58, his oxygenation improved. To introduce rehabilitation while 
preventing ICU-AW, we performed an interscalene ultrasound-guided 
bilateral phrenic nerve block. Consequently, spontaneous breathing 
was restrained, and oxygenation did not worsen. From days 94–124, 

Fig. 1. Time-series results for computed tomogra-
phy (CT). Time-series results for chest CT in a 73- 
year-old man with coronavirus disease-related 
acute respiratory distress syndrome. (A) CT on day 
1 showing atelectasis of the dorsal lower lobe and 
multiple bilateral ground-glass shadows. (B) CT on 
day 41 showing an improvement in infiltrative 
shadows. (C) CT on day 56 showing exacerbation of 
infiltrative shadows in both lungs. (D) CT on day 
121 showing an improvement in infiltrative 
shadows.   

Fig. 2. Schematic of phrenic nerve block. This diagram shows a continuous phrenic nerve block.  
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bilateral continuous phrenic nerve block (Fig. 2) with 1.5% lidocaine 
(total: 2–4 cc/h continuous infusion) suppressed the ΔPes and electrical 
activity of the diaphragm (Edi) (Fig. 3). During this period, the patient 
remained awake, and his rehabilitation proceeded. CT performed on day 
121 showed improvement in pulmonary damage to a certain level 
(Fig. 1-D). The patient was transferred for rehabilitation on day 146 
after completing the phrenic nerve block without the exacerbation of 
oxygenation. There were no obvious complications during this 
procedure. 

3. Discussion 

We describe a COVID-19 case wherein intractable persistent strong 
inspiratory effort resulting in P-SILI was suppressed by bilateral 
continuous phrenic nerve block. To the best of our knowledge, this is the 
first case to present a means of directly suppressing respiratory effort 
aside from using NMBAs and sedation. 

The diaphragm, which governs most of the normal inhalation pro-
cess, is controlled by the phrenic nerve [9]. Phrenic nerve block, which 
is a frequent complication in interscalene brachial plexus block [10], can 
decrease the forced expiratory volume in 1 s, forced vital capacity [11, 
12], and estimated percentage of lung ventilation on electrical imped-
ance tomography [13]. In the present case, continuous phrenic nerve 
block decreased the ΔPes and Edi, indicating a reduction in respiratory 
effort. 

Tonelli et al. clinically demonstrated that suppressing strong inspi-
ratory effort alleviated lung injury [7]. High negative pleural pressures 
due to strong spontaneous breathing in patients with ARDS cause pen-
delluft, which increases local lung stress, lung strain, and lung oedema 
[14]. Regulating the respiratory effort prevents the progression of lung 
injury and leads to clinical improvement. Although the phrenic nerve 
block was effective, we do not recommend it as a standard treatment for 
ARDS. Bilateral continuous phrenic nerve block may be an alternative 
for patients who require continuous NMBA administration due to lung 
injury caused by refractory persistent strong inspiratory efforts. 

4. Conclusion 

A bilateral continuous phrenic nerve block is a viable alternative 
treatment option for controlling refractory, strong inspiratory effort 
leading to lung injury, or P-SILI, in cases involving a risk of ICU-AW due 
to prolonged use of NMBAs. 

Ethics approval and consent to participate 

The patient family’s written consent was obtained for this procedure. 
The application of this intervention was deemed appropriate by a joint 
conference involving the entire hospital, and the need for ethics 
approval was waived owing to the emergent situation. 

Fig. 3. Ventilator waveforms. The left side of the waveform was seen before the application of the nerve block, and the right side was seen after the application of the 
nerve block. This waveform shows a reduction in (A) tidal change in oesophageal pressure (ΔPes) and (B) the electrical activity of the diaphragm (Edi). 
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