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EditordWe read with interest the recent meta-analysis by

Weber and colleagues1 discussing strategies to reduce the

dose of neuromuscular blocking agent (NMBA) with adjuncts.

The prolonged use of muscle paralysis in patients with

moderate-to-severe COVID-19 acute respiratory distress

syndrome (ARDS), massively admitted during the first French

wave of the COVID-19 outbreak,2 led to a shortage of NMBA

supplies, especially cisatracurium. Conservation strategies

were proposed, including use of neuromuscular block

monitors measuring the train-of-four (TOF) count or ratio.

ICU guidelines for sustained neuromuscular block

recommend use of objective (quantitative, TOF ratio)

monitoring, combined with clinical assessment, to ensure

satisfactory recovery of neuromuscular function.3,4 However,

no national recommendation for monitor use in COVID-19

ARDS patients as a strategy for reducing the dose of NMBA

used was available. We evaluated whether use of a TOF-

count monitor in adult COVID-19 patients receiving

mechanical ventilation reduced daily and weight-adjusted

NMBA consumption during a period of supply shortage. The

study was registered with ClinicalTrials.gov (NCT04459533).

We retrospectively analysed records of adult patients

requiring mechanical ventilation for COVID-19 ARDS and

having received cisatracurium for at least 48 h in nine ICUs of

five academic hospitals during the first epidemic peak in

France from February 27 to April 21, 2020. At that time use of

qualitative (TOF count) monitoring (TOFscan®; Draeger,

Lübeck, Germany; applied to the adductor pollicis muscle) to

adjust cisatracurium infusion rate was standardised

(Supplementary Fig. S1) and applied per physician discretion.

The primary endpoint was cisatracurium consumption in mg

kg�1 day�1. Baseline characteristics, severity of patients using
the Simplified Acute Physiology Score (SAPS) II and Sequential

Organ Failure Assessment (SOFA scores, mechanical ventila-

tion, arterial blood gas parameters at three time points (intu-

bation, 48 h after intubation, 7 days after intubation), number

of prone positionings, mechanical ventilation time, length of

stay in ICU, and 90-day mortality were collected. Multiple lo-

gistic regression was used to identify independent risk factors

for higher cisatracurium consumption (�4 mg kg�1 day�1). A

post hoc power analysis based on the primary endpoint was

calculated and yielded 72.7% accuracy for 5% alpha error. All

calculations were performed using R software version 3.4.4 (R

Core Team 2017, Vienna, Austria), and significance level was

set at P<0.05. The study was approved by the local ethics

committee; no written consent was required.

Out of 121 patients included, 86 were allocated to the TOF

group (at least one qualitative TOF-count measurement re-

ported in the electronic health record); otherwise they were

allocated to the control group (n¼35). Patient characteristics

were comparable (Supplementary Table S1). No adjuncts

(magnesium or alpha-adrenergic agonists) were used to

reduce the dose of neuromuscular blocking drug adminis-

tered.1 Cisatracurium consumption was significantly lower in

the TOF group (2.9 mg kg�1 day�1 [inter-quartile range,

IQR¼2.2e4.2] vs 4.4 mg kg�1 day�1 [IQR¼2.5e6.1]; P¼0.02)

(Fig. 1). The number of patients with higher cisatracurium

consumption (>4 mg kg�1 day�1) in the TOF group was 26

(30.2%), and was 18 (51.4%) in the control group (P¼0.02). The

absence of monitoring was independently associated with

higher cisatracurium consumption (odds ratio [OR]¼2.77; 95%

confidence interval [CI], 1.18e6.66; P¼0.02). The number of

prone positionings (OR¼1.46; 95% CI, 1.11e1.46; P¼0.0007) was

also independently associated with greater cisatracurium
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Table 1 Clinical outcomes of COVID-19 patients requiring
mechanical ventilation and cisatracurium infusion with TOF
monitoring (TOF group) or without TOF (control group). Data
are expressed as median [inter-quartile range] or number
(proportion). TOF, train-of-four.

TOF group
(n¼86)

Control group
(n¼35)

P

Invasive ventilation,
days

19 [12e30] 13 [8e22] 0.006

ICU stay, days 25 [17e40] 16 [10e30] 0.011
Mortality at day 90 42 (48.8%) 17 (48.6%) 0.999
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consumption. No clinically significant difference in

ventilation-related parameters was found in the first 7 days of

mechanical ventilation or duration of cisatracurium admin-

istration (Supplementary Table S2). In the TOF group, duration

of mechanical ventilation and length of hospital stay were

significantly longer, but there was no difference in 90-day

mortality (Table 1).

Although underpowered, our study demonstrated a clini-

cally relevant (35%) decrease in cisatracurium consumption in

patients with neuromuscular block for more than 48 h. These

findings may inform decision-making during situations with

acute or expected NMBA shortage.

Use of TOF monitoring has been shown to reduce NMBA

use hourly and cumulatively with no impairment in quality of

neuromuscular block, ventilator and blood gas parameters, or

occurrence of adverse events.5 Use of a bundle directed

(sedation, clinical assessment, and qualitative TOF-count

monitoring) protocol was also beneficial in terms of NMBA

dose reduction.6 However, in the beginning of the COVID-19

pandemic, with limited time and material resources, little

was known regarding the pathophysiology of severe acute

respiratory syndrome coronavirus 2 (SARS-COV-2)-induced

lung injury.7,8 Physicians may have used greater doses of

NMBA because of the frequently observed high respiratory

drive in COVID-19 ARDS patients.9

The major limitation of our study is the retrospective case-

control design and the absence of sample size calculation.

Patients were hospitalised in different ICUs, including tem-

porary units created on demand to increase ICU bed capacity

during the COVID-19 outbreak. TOF count may have been

estimated but not recorded.

The NMBA-monitoring protocol implemented used a

qualitative reading, only estimating TOF count combined with

clinical judgement. Poor agreement regarding neuromuscular

block quality between solely used clinical assessment and

qualitative TOF (number of twitches) alone has been re-

ported.10 However, combined use of qualitative TOF-count

monitoring and clinical assessment together may help
10
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Fig 1. Daily cisatracurium consumption in COVID-19 ARDS pa-

tients with qualitative TOF monitoring (TOF group) or without

TOF (control group). Data are expressed as median [IQR]. ARDS,

acute respiratory distress syndrome; TOF, train-of-four; IQR,

inter-quartile range. WilcoxoneManneWhitney test compari-

son.
modify the infusion rate of NMBA in a considerable proportion

of paralysed ICU patients, helping to reduce total NMBA dose

administered. We did observe such saving in our study.

In conclusion, we observed a 35% reduction of weight-

adjusted cisatracurium daily use in patients with TOF-count

monitoring. No clinically relevant difference in ventilation

related parameters were found in the first 7 days of mechan-

ical ventilation, or in duration of neuromuscular block. Our

study supports the use of qualitative TOF monitoring in

COVID-19 ARDS patients as part of a strategy to reduce the

dose of NMBA used in the context of limited supply. A larger

RCT is warranted to study the remote outcomes of mechanical

ventilation guided with neuromuscular block in critically ill

adult patients.
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EditordCOVID-19 is associated with greater severity of illness

and mortality in men compared with women. Although many

lifestyle factors and co-morbidities may be more prevalent

among men, most COVID-19 deaths are independently

associated with advancing age, male sex, and comorbidity

burden.1,2 Differences in immune responses to COVID-19 may

underpin sex-specific outcome differences. We hypothesised

that this might contribute to the pathophysiology of COVID-

19, and examined sex differences in physiology, viral loads,

severe acute respiratory syndrome coronavirus 2 (SARS-CoV-

2)-specific antibody titres, and plasma cytokines on hospital

admission in patients with COVID-19 who had not received

immunomodulatory therapies.

Ethical approval was received from the

LondoneWestminster Research Ethics Committee, the Health

Research Authority and Health and Care Research Wales on
July 2, 2020 (REC reference 20/HRA/2505, IRAS ID 284088). Blood

samples taken from patients �18 yr old within 5 days of

admission to University College London Hospitals with poly-

merase chain reaction-proven COVID-19 from March 1 to June

30, 2020 were used for cytokine and antibody quantification

(Supplementary data). Outcomes were determined using the

WHOCOVID-19 ordinal severity scale, with a score of 1 defined

by no limitation of activities, increasing to 6 for those requiring

noninvasive ventilation and additional organ support, and 10

for death.3

We included 86 patients, including 30 women and 56 men,

with available serum samples (Supplementary Table S1).

There were no differences in age, days from symptom onset to

hospital admission, SpO2/FiO2 ratio, temperature, lymphocyte

count, neutrophil count, or viral load between male and fe-

male patients. Compared with females, male patients had
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