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1   |   INTRODUCTION

Acute respiratory distress syndrome (ARDS) is a severe 
form of respiratory failure. A variety of underlying con-
ditions may result in its occurrence, such as pneumonia, 
sepsis, trauma, or aspiration. ARDS is characterized by 

the rapid onset of severe hypoxemia, bilateral pulmonary 
infiltrates, and respiratory distress, and it is associated 
with high morbidity and mortality rates.1,2

Clinical management of ARDS involves the use of me-
chanical ventilation. While mechanical ventilation can 
be a life-saving intervention, it is not without potential 
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Key Clinical Message
Forced inspiration during mechanical ventilation risks self-inflicted lung injury. 
However, controlling it with sedation or paralysis may cause polyneuropathy and 
myopathy. We tested bilateral phrenic nerve paralysis with local anesthetic in 
a patient, showing reduced inspiratory force. This offers an alternative to drug-
induced muscle paralysis.

Abstract
Mechanical ventilation, although a life-saving measure, can also pose a risk of 
causing lung injury known as “ventilator-induced lung injury” or VILI. Patients 
undergoing mechanical ventilation sometimes exhibit heightened inspiratory ef-
forts, wherein the negative pressure generated by the respiratory muscles adds to 
the positive pressure generated by the ventilator. This combination of high pres-
sures can lead to a syndrome similar to VILI, referred to as “patient self-inflicted 
lung injury” or P-SILI. Prevention of P-SILI requires the administration of deep 
sedation and muscle paralysis to the patients, but both these measures can have 
undesired effects on their health. In this case report, we demonstrate the effect of 
a bilateral phrenic nerve block aiming to reduce excessive inspiratory respiratory 
efforts in a patient suffering from COVID-19 pneumonitis.
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risks and complications. One of the main hazards asso-
ciated with mechanical ventilation is high driving pres-
sure, which can cause lung injury by itself and worsen the 
severity of ARDS.3 Patients themselves can generate ex-
cessive driving pressures during mechanical ventilation, 
which may lead to a type of lung injury known as patient 
self-inflicted lung injury (P-SILI).4–6

Strategies aimed at reducing the risk of P-SILI during 
mechanical ventilation include the use of deep sedation 
and muscle paralysis.7 However, it is important to note 
that these interventions may also lead to their own set of 
complications and side effects as ICU-acquired weakness 
of delirium.8

Unilateral phrenic nerve block with diaphragm palsy 
occurred as a side effect of local anesthesia for jugular vein 
catheterization using the landmark technique9 and may 
also be observed during scalene or cervical nerve block.10 
While most patients tolerate this condition, it may cause 
respiratory insufficiency in patients who are already at the 
margin of their respiratory reserve.

The COVID-19 pandemic has resulted in a significant 
influx of critically ill patients with severe ARDS who re-
quired mechanical ventilation in the intensive care unit 
(ICU). A substantial proportion of these patients exhibited 
an unusually high respiratory drive and required extended 
periods of deep sedation and muscle paralysis to prevent 
the development of P-SILI.11

In this case report, we present the effects of a bilateral 
phrenic nerve block in an attempt to reduce respiratory 
drive and avoid the side effects of deep sedation and mus-
cle relaxation. For case presentation, we followed CARE 
reporting guidelines,12 and the patient provided written 
informed consent for publication.

2   |   CASE PRESENTATION

In December 2020, a 40-year-old female patient with a med-
ical history of lupus erythematosus and a renal transplant 
presented with typical symptoms of COVID-19. A PCR test 
2 days prior to admission confirmed the diagnosis. The pa-
tient's respiratory insufficiency continued to worsen, lead-
ing to hospital admission and subsequent transfer to the 
ICU of the Inselspital Bern. She required intubation and 
mechanical ventilation. A CT scan revealed extensive in-
filtrates typical of COVID-19 infection. Oxygenation could 
only be maintained with prone positioning, deep sedation, 
and muscle paralysis. When muscle paralysis and sedation 
were reduced, high driving pressures that could potentially 
lead to P-SILI became a clinical concern.

In an attempt to aid in the process of weaning the pa-
tient from continuous muscle paralysis, an ultrasound-
guided bilateral phrenic nerve block was performed.

3   |   METHODS

The patient was ventilated with a Hamilton C-6 mechani-
cal ventilator (Hamilton Medical, Bonaduz, Switzerland) 
that included an esophageal balloon catheter (NutriVent, 
SIDAM S.R.L., Mirandola (MO) Italy) for measuring in-
trathoracic (i.e., pleural) pressure to help guide mechani-
cal ventilation. A data logger (Memory Box, Hamilton 
Medical, Bonaduz, Switzerland) retrieved the ventilator 
curves.

The phrenic nerve was located by high-resolution ul-
trasound (SonoSite X-Porte Ultrasound System, HFL50xp 
(15–6 MHz) transducer) as a hypoechogenic structure run-
ning superficially to the anterior scalene muscle (ASM) 
from its lateral to the medial border. Mepivacaine 1% 
(Mepivacain, Institut für Spitalpharmazie, Bern) was ad-
ministered at the origin of this structure from the brachial 
plexus at the level of the interscalene groove and along 
its course over the ASM, under direct visualization of the 
local anesthetic's spread around the nerve and the medial 
border of the ASM. A total of 13 mL was administered on 
the left side and 9 mL on the right side. The procedure re-
quired approximately 20 min per side to complete.

4   |   RESULTS

The impact on ventilatory drive was observable within 
5 min after completion, with almost complete attenuation 
of inspiratory effort (see Figure 1A, for details B and C).

5   |   DISCUSSION

Following the procedure, an instantaneous effect on 
intrathoracic pressure oscillations was evident in our 
patient. Before the block, transpulmonary pressure (pres-
sure difference between the alveolar space and the pleu-
ral space) could only be estimated, as the high respiratory 
drive with flow starvation made the plateau pressure 
unmeasurable. With the ventilator settings given, we as-
sume a transpulmonay pressure of 36 cmH2O (estimated 
plateau pressure of 28 cmH2O – maximal negative in-
trathoracic/plateau pressure of −8 cmH2O) before inter-
vention, which fell to 18 cmH2O after the intervention.

The use of mechanical ventilation has saved thou-
sands of patients with ARDS. However, it was realized 
early after the initial description of the syndrome13 that 
mechanical ventilation can cause lung injury on its 
own, known as ventilator-induced lung injury (VILI).14 
Uneven distribution of mechanical stress and strain on 
the alveoli causes cyclic closure and reopening, collapse, 
and overdistension.15 As a result of this energy transfer, 
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tight junctions are disrupted, leading to the leakage 
of plasma fluids into the interstitium and causing in-
flammation.16 To mitigate the side effects of mechani-
cal ventilation, various strategies have been developed, 
such as the implementation of positive end-expiratory 
pressure (PEEP) to counteract the cyclic closure and 
reopening of the alveoli,13 reducing tidal volumes to 
limit plateau airway pressure,17 and restricting driving 

pressure (plateau airway pressure – PEEP).3 While the 
airway pressure measurements are easily obtained from 
the ventilator, since they are measured in the ventila-
tor's circuit, they may not accurately reflect the pressure 
differences across the alveolar membrane. In certain pa-
tients, such as those who are obese or have high intraab-
dominal pressure, the pressure in the pleural space can 
be elevated, which makes airway and plateau pressures 

F I G U R E  1   (A) Airway pressure tracing from the mechanical ventilator PAW (blue) and intrathoracic pressure tracing from the 
esophageal balloon catheter Pes (orange) over time. The procedure started at 0:45 hours after start recording and finished at 1:30 hours. 
The patient was ventilated in an assisted volume-controlled, time-cycled mode with 12 cmH2O PEEP. In the first hour of recording large 
variations in airway pressures can be seen, and variable, even negative intrathoracic (and therefore pleural) pressures can be identified, 
indicating enhanced respiratory efforts. (B) High-resolution image of (A), exemplary at 39 min after recording started. Esophageal pressure 
swings from +10 to −8 cmH2O can be identified (ΔPes), the ventilators “plateau pressure” (static pressure measured in the respiratory 
system after inspiration, when all valves are closed and flow equals “0,” reflecting intraalveolar pressure) is artificially abolished by the high 
inspiratory effort. (C) High-resolution image of (A), exemplary after bilateral phrenic nerve block. Esophageal pressure swings (ΔPes) are 
now positive with very low amplitude, indicating passive ventilation. The airway plateau pressure can now be identified at 28 cmH2O.
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unreliable for the estimation of transpulmonary pres-
sure in ARDS.18 The pressure in the pleural space is 
required to assess transpulmonary pressure, that is, the 
pressure across the alveolar walls. Pleural pressure can 
be estimated by measuring esophageal pressure with a 
balloon (such as one mounted on a feeding tube).19,20

Routine measurements of esophageal pressure have 
drawn attention to a previously unnoticed phenomenon. 
During forced inspiration, excessive negative pleural pres-
sures can generate dangerously high transpulmonary 
pressures if extensive positive pressures are added by the 
ventilator. This patient self-inflicted lung injury (P-SILI), 
equivalent to ventilator-induced lung injury (VILI), can 
cause harm to the lungs.4

Our patient experienced forced inspiratory negative 
pressure, which exceeded the limits of safe mechan-
ical ventilation. This phenomenon is often observed 
in patients with COVID-19, but it is not exclusive to 
this disease and is frequently recognized in patients 
with widespread diffuse pulmonary inflammation.21 
Although the precise mechanism is not fully under-
stood, we believe that pulmonary mechanical stretch 
receptors may be affected and the feedback loop to rele-
vant control centers in the brain stem is disturbed. This 
theory may provide an explanation for the “happy hy-
poxia” phenomenon commonly observed in the early 
stages of COVID-19 disease in which patients experi-
ence severe hypoxia after a period of extensive respira-
tory effort breathing but do not appear to experience any 
respiratory distress.22

Our patient in the case vignette returned to the patho-
logically high ventilator drive pattern after the mepivacain 
weaned off, and the phrenic nerve block was not repeated 
with a longer-acting anesthetic due to missing expertise. 
She was treated with deep sedation and further muscle 
paralysis, and after a prolonged period of mechanical ven-
tilation with tracheostomy and several failed weaning at-
tempts, she recovered well to her baseline condition after 
a long rehabilitation.

Meanwhile, a case report from Japan detailed the 
successful implementation of catheter-based bilateral 
phrenic nerve block on two patients with COVID-19.23 
The report demonstrated the impact on ventilatory drive 
through esophageal pressure and diaphragm electromy-
ography.23 In 2022, Amato and colleagues from Brazil 
reported on the results of blocking the phrenic nerves 
bilaterally in nine COVID-19 patients, following an an-
imal experiment conducted on pigs.24 Using 15 mL li-
docaine 2%, the group reported an effect similar to that 
of our patient, which lasted for 12 h. Our patient was 
administered 22 mL of 1% mepivacaine (equivalent to 
220 mg), whereas Brazilian patients were given 300 mg 
of lidocaine. Both doses were below the recommended 

maximum doses (lidocaine <4.5 mg/kg body weight, 
mepivacaine <5 mg/kg). Both drugs share similar onset 
and duration characteristics, but mepivacaine has a 
slightly better safety profile.

Upon close inspection of the pressure tracings, it can be 
observed that the diaphragm respiratory muscle seems to 
contract after the ventilator initiates the breath. Patients 
sometimes experience a phenomenon called “reverse trig-
gering,” where each external mechanical breath triggers 
a spontaneous breath by the patient.25 While reverse trig-
gering cannot be entirely dismissed as a possibility for this 
patient, we do not think this is the case here since it is an 
infrequent occurrence. Additionally, the presence of ex-
cessive inspiratory efforts is not observed during reverse 
triggering.

We will assess the effect of the here-described in-
tervention and its influence on respiratory drive in-
cluding reverse triggering in an ongoing prospective, 
non-randomized, open-label pilot study including 10 pa-
tients suffering from severe ARDS, focusing on feasibility 
and efficacy of suppressing forced inspiratory efforts. We 
aim to administer a secure alternative therapy to individ-
uals who exhibit excessive inspiratory efforts, in order to 
avoid the potential hazards of prolonged high-dose seda-
tion and muscle paralysis.

Integrating phrenic nerve block into the ARDS patient 
treatment plan may face various obstacles. Firstly, there 
must be a sufficient number of skilled personnel proficient 
in conducting the block, especially in challenging scenar-
ios such as when there's a risk of bleeding. Furthermore, 
ensuring consistent application via a catheter placed accu-
rately is vital to prevent the potential hazards linked with 
incorrect local anesthetic administration. Additionally, 
prolonged use of local anesthetic may lead to toxicity 
and enduring complications, underscoring the need for 
thoughtful consideration.

In conclusion, bilateral phrenic blockade can be used 
to diminish the effects of exaggerated ventilator drive. It 
has the potential to reduce the risk of self-inflicted lung in-
jury, without the need for pharmacological muscle paraly-
sis and deep sedation. This might mitigate the well-known 
risks of sedation/paralysis but needs to be confirmed in a 
larger trial.
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