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Abstract

Background: Limited data exist to support the use of rocuronium continuous infusions in the intensive care unit (ICU).
Objective: To evaluate the dosing and monitoring of adult patients who received rocuronium for hypoxemic respiratory
failure during the Coronavirus Disease 2019 (COVID-19) pandemic. Methods: This was a retrospective, single-center study
from March 1, 2020 to May 31, 2020. We identified all adult patients admitted to any ICU who received rocuronium via
continuous infusion. Patients were excluded if they received rocuronium for <6 hours. The main outcome of this study was to
determine the median rocuronium maintenance continuous infusion rate in the ICU. Secondary outcomes of this study included
the initial continuous infusion rate, duration of therapy, cumulative dose, frequency and median of rocuronium boluses, time to
resolution of neuromuscular blockade, and the relationship between the hourly administration rates of rocuronium and train-
of-four (TOF) assessments. Results: Seventy-one patients and 97 paralytic infusions were included. Fifty-nine patients (83%)
were positive for SARS CoV-2. Of the 97 rocuronium infusions, the median dose at initiation was 3 (3—5) mcg/kg/min and
duration of infusion was 45 (23.6—92.5) hours. The median continuous infusion maintenance rate was 4.3 (2.8-7.2) mcg/kg/min.
There was a negligible correlation between the dose of rocuronium and the TOF results (r = .04). A total of 1775 TOFs were
assessed, of which 46.2% were over-paralyzed, 35.7% well-paralyzed, and 18.1% under-paralyzed. Conclusions: The initial and
maintenance infusion doses in our analysis were lower than what have been previously referenced.
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Introduction Rocuronium is a non-depolarizing NMBA, approved to be
used during rapid sequence intubation and to provide skeletal
muscle relaxation during surgery or mechanical ventilation.”
The only absolute contraindication to rocuronium is an allergy
to the drug itself. The package insert recommends initial and
maintenance continuous infusion rates of 10 to 12 and 4 to
16 mcg/kg/min, respectively.” The duration of action may be
prolonged in patients with hepatic or renal failure, myasthenia

Acute respiratory distress syndrome (ARDS) is an inflam-
matory form of acute lung injury, characterized by hypoxia,
reduced lung compliance, increased work of breathing, and
respiratory failure.! Despite the controversy surrounding the
use of neuromuscular blocking agents (NMBAs) in ARDS,
the 2013 Society of Critical Care Medicine (SCCM) guide-
lines recommend early administration of NMBAs by con-
tinuous intravenous infusion in critically ill patients with
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gravis, and carcinomatosis.’ The package insert recommends
monitoring of twitch response by using a peripheral nerve
stimulator.” Monitoring a patient’s train-of-four (TOF) is
recommend during the use of rocuronium to assess efficacy as
well as avoid excessive drug administration.’

The increased demand of healthcare supplies and medi-
cations during the COVID-19 pandemic has contributed to
shortages of several critical drugs.® A drug shortage can be
defined as a limited supply of a specific drug which adversely
impacts the day-to-day drug preparation process by the
pharmacy.” The etiologies of drug shortages are numerous and
include manufacturing discontinuation, natural disaster,
quality issues, and increases in demand, among others.®
Recently, the United States Food and Drug Administration
announced limitations in the supply of several medications
commonly used in the intensive care unit (ICU) (i.e., ve-
curonium bromide, cisatracurium besylate, ketamine, mid-
azolam, hydromorphone, and etomidate).®

The use of rocuronium continuous infusion in the ICU is
not well established. A small retrospective analysis demon-
strated the use of rocuronium continuous infusion in the ICU
among patients with organ dysfunction resulted in prolonged
recovery time.” At our institution, cisatracurium is the pre-
ferred NMBA. Due to a shortage of cisatracurium, our
Pharmacy and Therapeutics committee approved the use of
rocuronium as a therapeutic alternative. The objective of this
study was to evaluate the dosing and monitoring of adult
patients who received rocuronium in the ICU for hypoxemic
respiratory failure during the COVID-19 pandemic.

Methods

We performed a single-center, retrospective analysis at
Brigham and Women’s Hospital, a 793-bed tertiary academic
medical center in Boston, MA. This study was deemed exempt
by the Partners institutional review board. Patients who re-
ceived continuous infusion rocuronium between March 1,
2020 and May 31, 2020 were identified using a hospital re-
porting system. Patients were included if they were >18 years
old, mechanically ventilated via endotracheal tube, and re-
ceived rocuronium via continuous infusion for >6 hours in the
ICU. A rocuronium infusion was defined as an individual
rocuronium infusion over 6 hours, which was separated by at
least 24 hours from another rocuronium infusion without a
documented TOF <4/4 between the 2 infusions. Patients could
have multiple rocuronium infusions during their ICU ad-
mission. All statistical analyses were performed based on the
total number of infusions.

Baseline characteristics were collected at the time of first
rocuronium initiation, and included patient age, gender, body
weight (actual, dosing, and ideal), Acute Physiology and
Chronic Health Evaluation (APACHE) II score, cause of
respiratory failure, ventilator metrics, and presence of he-
patic or renal dysfunction. Acute kidney injury (AKI) was
defined as an increase in serum creatinine by > .3 mg/dL

within 48 hours or an increase in serum creatinine of >1.5
times baseline.'® The presence of chronic kidney disease
(CKD) of any stage was documented. Hepatic dysfunction
was classified as the presence of cirrhosis, portal hyper-
tension, or hepatitis documented in the patient’s electronic
health record.

The primary outcome of this study was to determine the
median rocuronium maintenance continuous infusion rate
(mcg/kg/min) in the ICU. Secondary outcomes included ad-
ditional rocuronium metrics, such as initial continuous infu-
sion rate (mcg/kg/min), duration of therapy, cumulative dose,
frequency and median dose of rocuronium boluses, time to
resolution of neuromuscular blockade, and the relationship
between the hourly administration rates of rocuronium and
TOF assessments. Two post hoc analyses were performed to
compare outcomes in patients with or without COVID-19 and
in patients with or without organ dysfunction, defined as AKI,
CKD, or hepatic dysfunction.

At our institution, all orders for NMBAs are written for the
infusion to be titrated to ventilator synchrony as an efficacy
measure in addition to TOF to monitor safety (standard 1 to 2
twitches to achieve 85% to 90% blockade). Per our insti-
tution’s TOF monitoring guideline, TOF assessment should
be conducted every 15 minutes following a bolus dose and/or
initiation of continuous infusion whenever clinically feasi-
ble. TOF is re-evaluated every hour until patient is clinically
stable and the desired level of neuromuscular blockade is
attained and then may be assessed every 2 hours. Our in-
stitutional guidelines for sedatives, analgesics, and NMBAs
encourage bolus doses prior to the start of infusions and as
needed clinically. Our rocuronium guideline recommends
generally a starting dose of 3 to 5 mcg/kg/min with a range of
0 to 20 mecg/kg/min. When rocuronium is ordered, the dose
range, initial rate, dose titration, and decision of whether to
administer a bolus dose are up to the discretion of the
provider. While there are no defaults within the order, a
selection of 0 to 12 mcg/kg/min for the dose range and either
3, 5, or 8 mcg/kg/min as an initial rate are readily available
for providers to select within the electronic medical record
system. Titration typically occurs at increments of .5 to
1 mcg/kg/min every 60 minutes to achieve ventilator syn-
chrony along with goal TOF. The initial infusion rate was
defined as the rocuronium infusion rate at hour 1 and the
maintenance infusion rate defined as rocuronium infusion
rate from hour 2 until the end of the infusion event. TOF
assessments are performed and documented by the ICU
nurses at either the posterior tibial nerve, ulnar nerve, or
facial nerve.

All TOF assessments were documented and classified as
over-paralyzed (TOF = 0), well-paralyzed (TOF =1 to 2), or
under-paralyzed (TOF = 3 to 4)."" Resolution of neuromus-
cular blockade is not protocolized in our institutional guideline
but was collected when available and defined as the time to
return to a TOF of 4/4. The following adverse reactions were
recorded based on documentation in the patient medical record
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by ICU team: myopathy, neuropathy, malignant hyperthermia,
anaphylaxis, and bronchospasm.

Descriptive statistics were performed to summarize patient
demographics. Continuous variables were presented as me-
dians with interquartile ranges (IQRs). The Pearson correla-
tion test was performed to determine the relationship between
the hourly administration rate of rocuronium and TOF as-
sessment. Pearson correlation coefficients were interpreted as
follows: > .8 very strong, .6—.8 strong, .4—.6 moderate, .2—.4
weak, and <.2 negligible correlation.'? The Mann—Whitney U
test was used to compare COVID-19 to non-COVID-19 pa-
tients. Microsoft Excel® (version 16.37) was used to perform
data analysis.

Results

Of 72 patients screened, 71 patients were included in the
analysis. One patient was excluded due to administration of
rocuronium for less than 6 hours. Baseline demographics can
be found in Table 1. Chronic kidney disease, AKI, and liver
dysfunction were reported among 11 (15.5%), 38 (53.5%),
and 2 (2.8%) patients, respectively. Most patients (83%) had

Table I. Baseline Characteristics.

Rocuronium patients (N =

Characteristic 71)

Reasons for respiratory failure®

COVID-19 59 (83.1)
Non-COVID-I9 related 12 (16.9)
Medical 9 (12.7)
Trauma 1 (1.4)
Airway protection 1 (1.4)
Malignancy 1 (1.4)
Age, years® 56 (47-63)
Male® 51 (71.8)
Dosing weight, kg° 85 (72.9-103)

Past medical history®
Chronic kidney disease Il (15.5)
Acute kidney injury 38 (53.5)
Liver dysfunction 2 (2.8)
APACHE II° 21 (17-26)
Extracorporeal membrane 10 (14.1)

oxygenation *

Ventilator metrics at initiation of paralytics: °
FiO,, % 70 (51.2-90)
PaO,, mmHg 82 (70-104)
PaO,/FiO, 127.6 (104.2-168.5)
Tidal volume/ideal body weight, mL/kg 6 (5.6-6.4)

Abbreviations: APACHE Il, The Acute Physiology and Chronic Health
Evaluation Il; COVID-19, Coronavirus-19; FiO,, Fraction of inspired oxygen;
PaO,, Partial pressure of oxygen.

’n (%),

®Median (IQR).

respiratory failure secondary to COVID-19. All patients in our
analysis had at least 1 TOF assessed and documented.

We observed a total of 97 rocuronium infusions which
included 6653 total hours of administration. None of the
patients received any other NMBAs prior to rocuronium
infusions.

The median rocuronium maintenance continuous infusion
rate was 4.3 (2.8-7.2) mcg/kg/min. Of the 97 infusions, 49
(50.5%) received at least 1 bolus prior to initiation of the
infusion (64 bolus doses given) with median dose of 60 mg
(.7 mg/kg). Forty-two (43%) received at least 1 additional
bolus at any point during the infusion (80 bolus doses given)
with median dose of 80 mg (.94 mg/kg). The median initial
continuous infusion rate was 3 (3—5) mcg/kg/min. Figure 1
displays the median rocuronium infusion rates over time for
the first 7 days of infusion. The median rocuronium cu-
mulative dose on day 1 (3.4 mg [2.3-6.4]) was significantly
lower than the median cumulative dose on day 7 (7.3 mg
[5.3-11]; P = .002). The median cumulative dose and du-
ration of each infusion were 1.16 (.4-2.5) g and 45.1 (23.6—
92.5) hours, respectively. Additionally, 68 (94.4%) patients
continued rocuronium infusion for more than 1 day. Among
those patients, the median rocuronium infusion rates in the
first and last day of infusion were 3.2 [2.3—4.8] and 4.7 [2.5—
7.8] mcg/kg/min, respectively (P = .01). Forty-seven
(69.1%) patients had a higher continuous infusion rate
(mcg/kg/min) during their last day of infusion in comparison
to the first day.

Overall, a total of 1775 TOFs were assessed, of which 820
(46.2%) were over-paralyzed, 635 (35.7%) well-paralyzed,
and 320 (18.1%) under-paralyzed. Daily breakdown of TOF
assessments for the first 5 days of infusion is shown in
Figure 2. There was an average of 5 TOF assessments per
patient per day during the first 5 days of infusion. We
observed a negligible correlation between the hourly ad-
ministration rate of rocuronium and the associated TOF
assessment (r = .04). The median rocuronium maintenance
infusion rate for TOF 1 and 2 were 5 (3—8) and 4 (2—7) mcg/
kg/min, respectively.

Resolution of neuromuscular blockade was assessed in 36
infusions with a median time to resolution of 6.2 (2.7-16.5)
hours. No documented adverse reactions were found among
all infusions. Patients with COVID-19 had a significantly
greater cumulative dose and duration compared to those
without COVID-19 (Table 2). Co-administration of an ami-
noglycoside was documented in 1 (1.4%) patient, and mag-
nesium and corticosteroids in 32 (45.1%) and 13 (18.4%)
patients, respectively.

Patients without organ dysfunction received a significantly
(P =.05) higher rocuronium maintenance continuous infusion
rate with a median of 5.4 (2.94-8.08) mcg/kg/min in com-
parison to patients with at least 1 type of organ dysfunction
(AKI, CKD, or liver dysfunction) with a median of 4.4 (2.5—
7.3) mcg/kg/min. Additionally, there was a trend toward a
prolonged median time to neuromuscular blockade resolution
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Figure |. The median rocuronium maintenance infusion rates for the first 7-day of infusion.
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Figure 2. TOF assessments for the first 5-day of infusion.

in patients with organ dysfunction compared to patients
without organ dysfunction (10 [3-6.36] hours vs 3.4 [2.25—
7.3] hours; P = .059).

Discussion

Our study included 97 rocuronium infusions in 71 critically ill
patients. We observed that patients received lower initial and
maintenance rocuronium doses than previously reported in the
literature.>"? In addition, our results showed a negligible
correlation between the hourly administration rate of ro-
curonium and TOF assessment. We also observed an increase
in dose over time when comparing infusion rates on day 1 and
day 7.

While the rocuronium package insert recommends an
initial dose of 10 to 12 mcg/kg/min with subsequent doses
titrated to response, and the 2002 SCCM guidelines recom-
mend a maintenance dose of 10 to 12 mcg/kg/min, very little
evidence exists to guide the use of rocuronium in critically ill
patients.>>'* Our patients received significantly lower initial
and maintenance infusion rates than previously recommended
or described by Groetzinger et al.” In comparison to Groet-
zinger et al., the patients in our analysis had a higher PaO,/
FiO, ratio, which may explain the lower doses used in our
study. Despite using significantly lower initial and mainte-
nance doses, almost half of the TOF assessments in our study
were classified as over-paralyzed.!' Although patients with
organ dysfunction received significantly lower rocuronium
maintenance infusion rates, these patients had a longer, albeit
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Table 2. Comparison of COVIDs-19 and non-COVID-19 outcomes.
COVID-19 (n = 59) Non-COVID-19 (n = 12) P-value

Number of infusion events 85 12 N/A
Rocuronium maintenance continuous infusion rate, mcg/kg/min® 4.9 (2.84-7.61) 3.6 (2.27-4.17) .03
Initial continuous infusion rate, mcg/kg/min? 3 (3-5) 3 (3-5) N/A
Duration of therapy, hours® 53.2 (27.49-92.51) 23.7 (13.85-92.21) .06
Cumulative dose, gram® 1.19 (47-2.74) .33 (.15-4.82) .0l
PaO,/FiO,* 118.5 (100-162.13) 179 (134.35-355) .02
ARDS classification®

Mild 4 (7) I (8) I

Moderate 39 (66) 5 (24) .19

Severe 15 (25) 2 (17) 71

>300 I (2) 4 (33) .002

Abbreviations: ARDS, acute respiratory distress syndrome; FiO,, Fraction of inspired oxygen; PaO,, Partial pressure of oxygen.

*Median (IQR),
Bn (%).

not statistically significant, time to neuromuscular blockade
resolution, possibly due to rocuronium accumulation. These
findings are similar to those reported by to Groetzinger et al.
with a median of 10 hours in both studies among patients with
organ dysfunction.’

Rocuronium has a half-life of approximately 1.4 to
2.4 hours, and the administration of a loading dose may result
in a more rapid achievement of therapeutic concentrations.’
An initial bolus dose was administered in only half of the
infusions in our analysis, while subsequent bolus doses were
administered in over 40% of infusions. Further studies
evaluating the role of loading doses or alternative dosing
strategies of neuromuscular blockade in critically ill patients
(i.e., bolus vs continuous) are needed.

The 2016 SCCM guidelines recommend using TOF for
monitoring patients receiving NMBAs in addition to clin-
ical assessment, such as patient—ventilator synchrony.”
Utilization of the TOF assessment poses many challenges
in critically ill patients, including nursing staff education
and training, the subjectivity of TOF results, and possible
scenarios that interfere with accuracy, such as peripheral
edema.'® Baumann and colleagues'> concluded patients on
NMBAS should not be solely monitored by TOF but rather
in conjunction with additional clinical assessments. Our
institutional guidelines for the management of patients with
COVID-19 requiring neuromuscular blockade suggest
targeting a TOF of 1/4 to 2/4 twitches in addition to ven-
tilator synchrony, noting the considerable variability of TOF
monitoring. Despite the lack of data among ICU patients
and the potential of negligible correlation between the
hourly administration rate of rocuronium and TOF as-
sessment (r = .04) based on our findings, the use of the TOF
may help clinicians to utilize the lowest effective dose to
achieve ventilator synchrony and to avoid over-paralysis.
Dose minimization of NMBAs is important in all patients to
try to decrease the risk of complications, such as severe

myopathies. This may be even more important in critically
ill patients with multiple risk factors, such as co-
administration with corticosteroids or the presence of he-
patic or renal dysfunction. As more data have emerged
regarding the possible benefits of corticosteroid adminis-
tration in patients with COVID-19, the risk of
corticosteroid-induced myopathy should be strongly con-
sidered when administering NMBAs in patients with
COVID-19 in particular.'®

Patients with COVID-19 had a significantly greater cu-
mulative dose, continuous infusion rates, and duration of
rocuronium compared to those without COVID-19 (Table 2).
While the differences between ARDS related to COVID-19
and unrelated to COVID-19 are still debated, patients in our
analysis with COVID-19 had significantly lower PaO2/Fi02
ratios (P = .02), possibly indicating more severe lung
injury.'”'® The frequent NMBA administration among
COVID-19 ARDS patients was also found in 2 large obser-
vational studies.'”* NMBAs might result in a reduction of
barotrauma and self-induced lung injury.*!

Tachyphylaxis to NMBAs, indicated by the need for dose
titrations to maintain the same twitch response, has been
previously reported in the literature.”>** Previous studies
have demonstrated an increase in the maintenance dose
requirements for atracurium and cisatracurium when ad-
ministrated as continuous infusion over 192 hours and
174 hours, respectively.”* Our results suggest tachyphylaxis
may occur with rocuronium administration in critically ill
patients; however, the number of infusions was much lower
onday 7 (n=11) in comparison to day 1 (n=97). For patients
who continued rocuronium infusion for more than 1 day, the
infusion rate during the last day of infusion was statistically
higher in comparison to the first day. This finding could also
be due to possible tachyphylaxis or overall clinical im-
provement. Other studies investigating rocuronium tachy-
phylaxis are warranted.
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There are several limitations of this study. First, this was
a single-center retrospective study, which might come with
unavoidable confounding variables. Second, there was
inconsistent documentation of TOF assessment and neu-
romuscular blockade resolution was not obtained for all
infusions. Third, some outcomes such as duration of
ventilation and length of ICU/hospital stay were not as-
sessed as the objective of our study was to evaluate the
dosing and monitoring of rocuronium in the ICU. Fourth,
due to the retrospective nature of this study, we were
unable to assess ventilator synchrony and the indication
for additional bolus dosing during the infusion. Fifth,
rocuronium down titration was not assessed in over-
paralyzed patients. Last, adverse reactions were evalu-
ated based on documentation in the patient medical record
by the ICU team, which may have resulted in an under-
estimation of adverse reactions.

Conclusion

The initial and maintenance continuous infusion rates of ro-
curonium in critically ill patients at our institution were lower
than what have been previously described. Despite this, al-
most half of the TOF assessments in our cohort were classified
as over-paralyzed. Patients initiated on rocuronium may re-
quire significantly lower doses than recommended in order to
achieve ventilator synchrony and avoid excessive paralysis.
Future research evaluating the use of rocuronium in the ICU
may be warranted.
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