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ABSTRACT
Objective  To assess variability in the intraoperative use of 
non-depolarising neuromuscular blocking agents (NMBAs) 
across individual anaesthesia providers, surgeons and 
hospitals.
Design  Retrospective observational cohort study.
Setting  Two major tertiary referral centres, Boston, 
Massachusetts, USA.
Participants  265 537 adult participants undergoing non-
cardiac surgery between October 2005 and September 
2017.
Main outcome measures  We analysed the variances 
in NMBA use across 958 anaesthesia and 623 surgical 
providers, across anaesthesia provider types (anaesthesia 
residents, certified registered nurse anaesthetists, 
attendings) and across hospitals using multivariable-
adjusted mixed effects logistic regression. Intraclass 
correlations (ICC) were calculated to further quantify the 
variability in NMBA use that was unexplained by other 
covariates. Procedure-specific subgroup analyses were 
performed.
Results  NMBAs were used in 183 242 (69%) surgical 
cases. Variances in NMBA use were significantly higher 
among individual surgeons than among anaesthesia 
providers (variance 1.32 (95% CI 1.06 to 1.60) vs 0.24 
(95% CI 0.19 to 0.28), p<0.001). Procedure-specific 
subgroup analysis of hernia repairs, spine surgeries and 
mastectomies confirmed our findings: the total variance in 
NMBA use that was unexplained by the covariate model 
was higher for surgeons versus anaesthesia providers 
(ICC 37.0% vs 13.0%, 69.7% vs 25.5%, 69.8% vs 19.5%, 
respectively; p<0.001). Variances in NMBA use were also 
partially explained by the anaesthesia provider’s hospital 
network (Massachusetts General Hospital: variance 0.35 
(95% CI 0.27 to 0.43) vs Beth Israel Deaconess Medical 
Center: 0.15 (95% CI 0.12 to 0.19); p<0.001). Across 
provider types, surgeons showed the highest variance, 
and anaesthesia residents showed the lowest variance in 
NMBA use.
Conclusions  There is wide variability across individual 
surgeons and anaesthesia providers and institutions in the 
use of NMBAs, which could not sufficiently be explained by 
a large number of patient-related and procedure-related 
characteristics, but may instead be driven by preference. 
Surgeons may have a stronger influence on a key aspect 
of anaesthesia management than anticipated.

INTRODUCTION
Each year, several million patients worldwide 
receive general anaesthesia (GA) and mechan-
ical ventilation for surgery.1 Neuromuscular 
blocking agents (NMBAs) are frequently 
administered to facilitate endotracheal intu-
bation and mechanical ventilation in patients 
undergoing surgery and are known to opti-
mise surgical conditions while achieving lower 
doses of volatile or intravenous anaesthetics.2 
The use of NMBAs has been associated with 
a higher risk of postoperative respiratory 
complications,3–7 an increased risk of readmis-
sion to the hospital,8–10 higher risks of adverse 
postoperative cardiovascular events and 
decreased physical activity.11 Results of these 
studies further suggested a dose-dependent 
risk increase of postoperative complications 
after use of NMBAs.8–10 12 In addition, a higher 
risk of postoperative residual neuromuscular 
blockade has been described if higher NMBA 
doses were administered.1 Residual neuromus-
cular blockade, in turn, is a risk factor of desat-
uration and reintubation and therefore may 
contribute to impaired recovery from GA.3

Strengths and limitations of this study

►► A large population of 265 537 surgical patient cas-
es with 958 anaesthesia and 623 surgical providers 
across two hospital networks was included, result-
ing in an opportunity to study provider variability 
across healthcare systems.

►► The differential effects of stakeholders of different 
professions (anaesthetists, nurses and surgeons) on 
neuromuscular blocking agent utilisation could be 
examined and compared.

►► Bias related to unmeasured confounding may arise 
due to the observational study design of this study.

►► This study does not allow conclusions regarding 
potential relationships between provider variability 
and associated adverse outcomes such as surgical 
complications or implications on costs of care.
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The increasing recognition of complications associated 
with the use of NMBAs has put into question the role of 
each physician in providing patient care. There is clinical 
evidence for the overuse of NMBAs.11 Possible explana-
tions of this observation have not yet been studied. An 
indicator of overutilisation may be high provider vari-
ability that cannot be explained by various patient char-
acteristics and procedural risk factors associated with 
NMBA use. Instead, we argue it might be driven by indi-
vidual provider preference and hospital culture.13 A high 
provider variability, therefore, may contribute to adverse 
postoperative outcomes.

In this retrospective multicentre cohort study, we 
hypothesised that significant provider variability in the 
use of NMBAs exists across individual anaesthesiologists, 
surgeons and hospitals, indicating overutilisation and a 
lack of standardisation.

METHODS
Study design and setting
This retrospective multicentre cohort study was conducted 
at Massachusetts General Hospital (MGH) and Beth 
Israel Deaconess Medical Center (BIDMC), Massachu-
setts, USA. Data were obtained for patients undergoing 
non-cardiac surgery under GA between 1 October 2005 
and 30 September 2017. Data were collected from 
hospital registry databases (online supplemental file 1, 
section 1). This manuscript adheres to the Strengthening 
the Reporting of Observational Studies in Epidemiology 
guidelines (online supplemental file 2).14

Study cohort
We included anaesthesia providers and surgeons who 
performed a minimum of 50 cases during the study 
period. Anaesthesia providers were either anaesthesia resi-
dents, certified registered nurse anaesthetists (CRNAs) or 
attending anaesthesiologists. Details on the designation 
of the primary anaesthesia provider for each case are 
provided in the online supplemental file 1, section 1.

Adult patients who underwent non-cardiac surgery 
with GA were eligible for inclusion in this study. Patients 
with an American Society of Anesthesiologists (ASA) 
physical status >IV, those who underwent any surgery 
within 4 weeks prior to the index procedure or those with 
missing data for the primary analysis were excluded. The 
complete case method was used for the primary analysis.

Primary analysis
NMBA use was defined as intraoperative administration 
of any dose of atracurium, cisatracurium, rocuronium, 
pancuronium, mivacurium or vecuronium. In the primary 
analysis, we applied a mixed effects logistic regression 
model that included the use of NMBAs as the dependent 
variable and individual anaesthesia and surgical providers 
as two crossed random effects within the same model to 
assess the association between individual anaesthesia 
providers and surgeons and the use of NMBAs during 

GA.15 First, a propensity score was generated to predict 
each patient’s probability of receiving NMBAs adjusted 
for all covariates described below, as previously reported16 
(online supplemental file 1, sections 1 and 2, table S1). 
The centred propensity score was then included as a 
continuous variable in the primary model, allowing for 
the individual intercept of a provider to be interpreted as 
the predicted probability that an average patient would 
receive NMBAs during surgery. An average patient was 
mathematically defined as a patient with an average proba-
bility of receiving NMBAs. From that model, we estimated 
the random effect variances for both random effects of 
anaesthesia providers and surgeons, respectively, and 
tested whether these variances were significantly different 
using empirical p values based on posterior samples from 
our mixed effects model under the Bayesian framework. 
Finally, we used the random effect variances and the 
model residuals to calculate the intraclass correlation 
(ICC), thereby determining the approximate percentage 
of variance in NMBA use that could not sufficiently be 
explained by the covariates of the model and was there-
fore attributed to anaesthesia and surgical providers, 
respectively (online supplemental file 1, section 2).

Sensitivity analyses
Several sensitivity and subgroup analyses were performed 
to assess the robustness of the primary analysis. To address 
potential concerns that the type of performed procedures 
may have differed among providers, we performed anal-
yses in more homogenous subgroups: general surgery 
as well as procedure-specific subgroups of hernia repair 
surgeries, spine surgeries and mastectomies, respectively 
(online supplemental table S2). In addition, we tested the 
primary hypothesis when considering different provid-
er’s experience levels. Details on sensitivity analyses are 
provided in the online supplemental file 1, section 3.

Exploratory analyses
To further explore a nested relationship between providers 
and hospitals, we determined variances in NMBA use 
across providers of the two major hospital networks 
included in this study (institutional effect). Therefore, 
we extended the primary model by adding the hospital 
network as a random effect to the model, nesting anaes-
thesia and surgical providers in their respective hospitals. 
In addition, we analysed whether differences in NMBA 
use across groups of different provider types (anaesthesia 
residents, CRNAs, anaesthesia attendings and surgeons) 
existed by adding the provider type as a random effect, 
nesting providers in provider types. Finally, we added 
the surgical specialty as a random effect where teams of 
anaesthesia providers and surgeons are typically more 
permanent, nesting anaesthesia and surgical providers in 
surgical specialties.

With an exploratory intent, we further investigated 
whether NMBA use facilitated the surgical condition and 
reduced surgical as well as anaesthetic time in patients 
who underwent hernia repair surgeries. We also assessed 
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the variability among anaesthesia and surgical providers 
as well as across hospitals in the use of neostigmine for 
reversal of neuromuscular blockade. Lastly, we evaluated 
the provider variability in the use of different NMBA 
doses. Details on exploratory analyses are provided in the 
online supplemental file 1, section 4.

Covariates
We adjusted our analyses for a priori defined patient, 
procedure and anaesthesia-related covariates that could 
have affected the need for NMBAs and therefore the 
use and dose of NMBAs during surgery based on clinical 
plausibility and literature review.8 12 17 We included base-
line patient characteristics such as age, sex, body mass 
index, ASA physical status classification and Charlson 
Comorbidity Index. Procedure-related characteristics 
comprised duration of surgery, year of surgery, surgical 
specialty, admission type (ambulatory, same-day admis-
sion and inpatient), emergency surgery, night surgery 
(surgery between 17:00 and 07:00),18 handover between 
anaesthesia providers and work relative value units as a 
marker of surgical complexity. Within the subgroups 
of general surgery and hernia repairs, we addition-
ally adjusted for the surgical approach (laparoscopic 
vs open, online supplemental table S3).19 To adjust for 
anaesthesia-related characteristics, we included depth of 
anaesthesia (age-adjusted minimum alveolar concentra-
tion of volatiles and nitrous oxide), intraoperative hypo-
tension (defined as mean arterial pressure <55 mm Hg), 
intraoperative cumulative doses of long-acting opioids, 
propofol, vasopressors, total intravenous administered 
amount of fluids, units of packed red blood cells, use of 
epidural anaesthesia and whether or not a patient was 
extubated before end of anaesthesia care. Online supple-
mental table S1 shows detailed information on all a priori 
defined covariates.

Statistical analyses
Covariates demonstrating linear associations with the 
outcome were included as continuous variables into 
the regression models. Variables with a non-linear rela-
tionship were categorised into quintiles or clinically 
relevant groups (online supplemental file 1, section 2). 
Unless otherwise specified, results of adjusted analyses 
are presented as random effect variances with 95% CIs. 
A two-sided p value <0.05 was considered statistically 
significant. Analyses were performed in Stata V.13.0 
(StataCorp) and RStudio V.3.2.5 (RStudio, package 
‘MCMCglmm’).20

Patient and public involvement
This was a retrospective cohort study, and no patients 
were involved in the study design, setting the research 
questions or the outcome measures directly. No patients 
were asked for advice on interpretation of results or 
writing this manuscript.

RESULTS
Study cohort
A total of 315 503 patients were screened for eligibility. 
After application of exclusion criteria and exclusion 
due to missing data, the primary cohort consisted of 
265 537 patients who underwent surgery at either MGH 
(n=119 393) or BIDMC (n=146 144) (figure 1). Intraoper-
ative care was provided by 958 anaesthesia providers and 
623 surgeons. The median number of cases per anaes-
thesia provider and surgeon was 618 (IQR 376, 909) and 
1499 (IQR 716, 2604), respectively. NMBAs were admin-
istered in 69% of surgeries (n=183 242). Table 1 displays 
patient characteristics and the distribution of variables by 
the use of NMBAs.

Primary analysis
The adjusted mean predicted probabilities for the intra-
operative use of NMBAs during GA ranged from 1.4% 
to 99.7% across individual surgeons and from 44.8% to 
97.0% across individual anaesthesia providers. Random 
effect variances were calculated, and ICC was performed 
to quantify the interprovider variability in NMBA use 
that was unexplained by the covariates: across individual 
providers, surgeons had a significantly higher variance 

Figure 1  Study flow. Multiple exclusions may apply. ASA, 
American Society of Anesthesiologists; BMI, body mass 
index; RVUs, relative value units.
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Table 1  Characteristics of the primary study cohort

Primary study cohort
n=265 537

No NMBA use
(n=82 295)

NMBA use
(n=183 242)

Patient characteristics

Age (years) 51.99±16.71 54.40±16.45

Sex, female 45 832 (55.7%) 104 422 (57.0%)

BMI (kg/m2) 27.72±6.31 28.58±6.96

Charlson Comorbidity Index 0 (0, 2) 1 (0, 3)

ASA class 2 (2, 2) 2 (2, 3)

Emergency status 2002 (2.4%) 7531 (4.1%)

Admission type

 � Ambulatory 56 461 (68.6%) 46 379 (25.3%)

 � Same-day admission 18 133 (22.0%) 110 553 (60.3%)

 � Inpatient 7701 (9.4%) 26 310 (14.4%)

Surgical specialty

Non-operating room anaesthesia 2547 (3.1%) 2436 (1.3%)

Burn surgery 415 (0.5%) 926 (0.5%)

Emergent-urgent surgical service 920 (1.1%) 6952 (3.8%)

General surgery 9992 (12.1%) 37 668 (20.6%)

Gynaecology 8161 (9.9%) 20 076 (11.0%)

Neurosurgery 2631 (3.2%) 14 664 (8.0%)

Oral/maxillofacial surgery 805 (1.0%) 2142 (1.2%)

Orthopaedic surgery 24 859 (30.2%) 35 709 (19.5%)

Other 1627 (2.0%) 931 (0.5%)

Otolaryngology 4079 (5.0%) 3457 (1.9%)

Paediatric surgery 152 (0.2%) 470 (0.3%)

Plastic surgery 3919 (4.8%) 12 657 (6.9%)

Radiology 497 (0.6%) 630 (0.3%)

Surgical oncology 6683 (8.1%) 6491 (3.5%)

Thoracic surgery 4452 (5.4%) 11 542 (6.3%)

Transplant surgery 457 (0.6%) 4164 (2.3%)

Urology 8677 (10.5%) 14 507 (7.9%)

Vascular surgery 1422 (1.7%) 7820 (4.3%)

Intraoperative data

Duration of surgery (min) 82 (57, 123) 157 (109, 229)

Work RVUs 7.30 (4.74, 12.13) 15.84 (10.47, 22.59)

Multiples of 95% effective NMBA dose (ED95) – 2.52 (1.79, 3.66)

Steroidal (vs benzylisoquinolines) NMBAs* – 142 397 (77.7%)

End-tidal MAC of volatiles and nitrous oxide, age adjusted 0.91±1.55 0.94±0.33

Norepinephrine equivalent of vasopressor dose (mg) 0 (0, 0.02) 0.01 (0, 0.15)

PRBC units transfused

 � 0 unit 81 952 (99.6%) 177 958 (97.1%)

 � 1–2 units 311 (0.4%) 4376 (2.4%)

 � ≥3 units 32 (<1%) 908 (0.5%)

Oral morphine equivalent of total opioid dose (mg) 0 (0, 6.80) 12.00 (0, 23.80)

Overall amount of fluids (L) 1.5 (1.0, 2.5) 2.3 (1.3, 3.5)

Total propofol dose (mg) 200 (160, 280) 200 (150, 250)

Continued
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for NMBA use than anaesthesia providers (variance 1.32 
(95% CI 1.06 to 1.60) vs 0.24 (95% CI 0.19 to 0.28); 
p<0.001; figure  2A). ICC demonstrated that surgeons 
accounted for approximately 56.5%, and anaesthesia 
providers accounted for approximately 10.2% of the total 
variance in NMBA use. Detailed results are provided in 
online supplemental table S4.

Sensitivity analyses
The primary findings remained robust throughout several 
sensitivity analyses. Forty-seven thousand six hundred 
and sixty patients underwent general surgery performed 
by 134 surgeons with anaesthesia care by 950 individual 
anaesthesia providers. The results of the primary analysis 
remained robust across individual providers, with even 
higher differences in variances in NMBA use between 
individual surgeons compared with anaesthesia providers 
(variance 2.96 (95% CI 2.01 to 4.10) vs 0.26 (95% CI 
0.20 to 0.32); ICC 87.4% vs 7.6%; p<0.001). We further 
analysed procedure-specific subgroups of 12 077 patients 
who underwent hernia repair surgeries, 13 797 patients 
who underwent spine surgeries and 6936 patients who 
underwent mastectomies and breast reconstruction 
surgeries. We found that there is also wide variability in 
NMBA use even within the procedure-specific subgroups 
(figure 2B,C). Individual surgeons showed a significantly 
higher variance in NMBA use than anaesthesia providers 
across all subgroups and sensitivity analyses, including 
adjustment for differences in an individual provider’s 
experience level (online supplemental file 1, section 3, 
tables S4 and S5).

Exploratory analyses
Variability across hospitals
Across hospitals, the use of NMBAs among all patient cases 
was 15.8% higher at MGH than at BIDMC (p<0.001 in a 
two-sample test of proportions). In adjusted analysis, 
anaesthesia providers at MGH showed significantly higher 
variances in the use of NMBAs than at BIDMC (variance 
0.35 (95% CI 0.27 to 0.43) vs 0.15 (95% CI 0.12 to 0.19), 
p<0.001). However, no significantly different variances 
in the use of NMBAs between surgeons of the two hospi-
tals were observed (variance 1.30 (95% CI 0.98 to 1.61) 
vs 1.36 (95% CI 1.00 to 1.71), p=0.715, online supple-
mental figure S1). ICC results across the two hospitals are 
displayed in online supplemental table S4.

Variability across provider types
Overall, the highest variance in NMBA use was seen for 
surgeons (variance 1.29, 95% CI 1.05 to 1.55). Across 
different anaesthesia provider types, CRNAs tended to 
show the highest variance (variance 0.49, 95% CI 0.35 
to 0.66), followed by attendings (variance 0.45, 95% 
CI 0.34 to 0.56). The lowest variance was observed for 
residents (variance 0.13, 95% CI 0.10 to 0.16; online 
supplemental figure S2). However, variances in NMBA 
use were only significantly different when comparing 
anaesthesia residents (p<0.001) and surgeons (p<0.001) 
to all provider types, respectively. There was no signif-
icant difference between CRNAs and attendings. ICC 
results across hospitals are displayed in online supple-
mental table S4.

Primary study cohort
n=265 537

No NMBA use
(n=82 295)

NMBA use
(n=183 242)

Total neostigmine dose (mg) 0 (0, 0) 3 (2, 4)

Epidural anaesthesia 189 (0.2%) 8157 (4.5%)

Intraoperative hypotensive minutes of MAP <55 mm Hg (min) 0 (0, 2) 0 (0, 2)

Out-of-hours surgery (17:00–07:00) 4239 (5.2%) 11 137 (6.1%)

Provider-related factors

Hospital

 � Massachusetts General Hospital 25 492 (21.4%) 93 901 (78.6%)

 � Beth Israel Deaconess Medical Center 56 803 (38.9%) 89 341 (61.1%)

Handover of anaesthesia care 5133 (6.2%) 22 217 (12.1%)

Anaesthesia provider types: number of cases (%) performed by

 � Residents 43 898 (53.3%) 112 630 (61.5%)

 � CRNA 23 916 (29.1%) 49 910 (27.2%)

 � Attendings 14 481 (17.6%) 20 702 (11.3%)

Normally distributed continuous variables were expressed as mean (±SD), non-normally distributed variables as median (IQR) and categorical 
variables as frequency (percentages).
*Steroidal NMBAs include vecuronium, rocuronium and pancuronium. Benzylisoquinolines include cisatracurium, atracurium and mivacurium.
ASA, American Society of Anesthesiologists physical status classification system; BMI, body mass index; CRNA, certified registered nurse 
anaesthetist; MAC, minimum alveolar concentration; MAP, mean arterial pressure; NMBA, neuromuscular blocking agent; PRBC, packed red 
blood cells; RVU, relative value units.

Table 1  Continued
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Variability across surgical specialties
When testing a nested relationship between providers and 
surgical specialties where teams of surgeons and anaes-
thesia providers are typically more permanent, surgeons 
showed a significantly higher variance in NMBA use than 
anaesthesia providers in the surgical specialties of general 
surgery (ICC 84.4% vs 5.0%), neurosurgery (ICC 59.6% 
vs 7.8%), orthopaedic surgery (ICC 50.7% vs 16.3%), 
otolaryngology (ICC 77.4% vs 13.5%), surgical oncology 
(ICC 82.8% vs 7.5%) and thoracic surgery (ICC 81.6% vs 
3.8%) (online supplemental table S4).

Effect of NMBA use on surgical and anaesthetic duration in hernia 
repair surgeries
The use of NMBAs in hernia repair surgeries was associ-
ated with a longer anaesthetic duration (112 (87, 154) vs 
89 (69, 110) min, adjusted incidence rate ratio (aIRR) 
1.13, 95% CI 1.10 to 1.17, adjusted absolute difference 
14.5 min, p<0.001) and a longer surgical time (78.6 (56.8, 
118.0) vs 61.2 (43.7, 80.8) min, aIRR 1.13, 95% CI 1.09 
to 1.18, adjusted absolute difference 10.6 min, p<0.001). 
These differences in anaesthetic and surgical duration if 
NMBAs were used were not significantly modified by the 

Figure 2  Provider variability in neuromuscular blocking agent (NMBA) use across anaesthesiologists and surgeons. The range 
of predicted probabilities for the use of NMBAs (mean and 95% CI) across individual providers was obtained from the primary 
adjusted mixed effects model. Zooms show individual anaesthesia providers or surgeons in detail such that mean and 95% 
CI become visible. Across surgical fields (A) and within procedure-specific subgroups, (B) hernia repair surgeries and (C) spine 
surgeries, respectively, surgeons accounted for a significantly higher amount of the total variance in NMBA use. This variance 
could not sufficiently be explained by the covariate model accounting for patient, procedure and anaesthesia-related factors 
that could have affected the use of NMBAs during surgery.

https://dx.doi.org/10.1136/bmjopen-2020-048509
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surgical approach (laparoscopic vs open; p for interac-
tion=0.138 for anaesthetic duration and 0.362 for surgical 
duration, respectively). Details are provided in the online 
supplemental file 1, section 4.

Variability in the use of neostigmine for reversal
Neostigmine was administered in 55.3% of the included 
surgical cases (146 849/265 537). Individual anaesthesia 
providers showed a significantly higher variance in 
neostigmine use than individual surgeons (variance 0.57 
(95% CI 0.52 to 0.64) vs 0.18 (95% CI 0.15 to 0.20); ICC 
56.3% vs 17.3%; p<0.001). Across anaesthesia provider 
types, the highest variance was observed for attendings 
(variance 1.17, 95% CI 0.89 to 1.46), followed by CRNAs 
(variance 0.85, 95% CI 0.65 to 1.08). Residents showed 
the lowest variance (variance 0.40, 95% CI 0.34 to 0.47). 
We did not find significant differences in variance in 
neostigmine use across hospitals (online supplemental 
table S6).

Variability in NMBA dose
One hundred eighty-three thousand two hundred and 
forty-two patient cases with intraoperative use of NMBAs 
were included in this analysis. Variances in administered 
NMBA ED95 total dose tended to be slightly higher across 
individual surgeons compared with anaesthesia providers. 
However, this difference was not statistically significant 
(p=0.18; online supplemental table S7).

DISCUSSION
This large multicentre study provides the first analysis 
to date demonstrating substantial provider variability in 
the use of NMBAs during GA. Among 1581 providers 
delivering care for more than 260 000 surgical patients, 
our data suggest a high variance in NMBA use which 
might be explained by individual provider preferences. 
This variability in practice pattern could not sufficiently 
be explained by a large number of patient-related and 
procedure-related characteristics and risk factors that 
could have influenced the need for NMBAs. In addition, 
we demonstrate that surgeons showed a significantly 
higher proportion of the total variance in intraoperative 
NMBA use than anaesthesia providers.

We observed that variability in the use of NMBAs 
differed across different provider types and hospitals. 
Surgeons, in particular, showed the highest provider-
specific variability in the use of NMBAs. Within the 
same surgical specialty, some surgeons only had NMBA 
administrations in 1.4% of their cases, and others were 
characterised by NMBA administration rates by up to 
99.7% of their cases under GA. Anaesthesia provider-
attributable preferences for NMBA varied less compared 
with surgeons, with predicted probabilities for the use 
of NMBAs ranging from 44.8% to 97.0% across each 
individual anaesthesia provider. The high variability in 
surgeon-attributable utilisation of NMBAs remained high 
in procedure-specific subgroups of patients undergoing 

general surgery, hernia repair surgeries, spine surgeries, 
as well as mastectomies. Based on our data, we hypothe-
sise that variability among surgeons is driven primarily by 
the thought process that deeper levels of neuromuscular 
blockade are necessary for adequate operating condi-
tions.17 21 22 This is supported by our finding that the 
provider-related variability of neostigmine use could only 
be less explained by the surgeon but by the anesthesia 
provider (17.3% vs 56.3%, respectively) as this drug does 
not affect surgical conditions and is administered towards 
the end of a case.

Surgeons may overemphasise the need for NMBAs to 
achieve optimal surgical conditions.23 In fact, excellent 
surgical conditions can be achieved without NMBAs, and 
this practice may help improve operating room efficiency 
in some clinical scenarios.24 Our data showed a longer 
duration of surgery in the subgroup of patients under-
going hernia repair surgeries if NMBAs were admin-
istered. Recently, we demonstrated that the use of a 
laryngeal mask airway compared with endotracheal intu-
bation helps decrease the risk of postoperative respiratory 
complications.25 These data support the view that anaes-
thesia and surgical providers should create interprofes-
sional standardised guidelines for the use of NMBAs and 
airway devices to help increase patient safety and clinical 
effectiveness.

The use of NMBAs has long been deeply ingrained in 
standard anaesthetic management and therefore chal-
lenging this dogma is heavily subject to variations, as 
noted in our study. Variability in the use of neuromus-
cular blockade may reflect overutilisation of NMBAs in 
some patients and procedures, which in turn can lead 
to postoperative complications and unnecessary utilisa-
tion of healthcare resources.3–11 Given our findings of 
high provider variability across surgical fields and within 
subgroups, optimal doses of NMBAs should be deter-
mined in a patient characteristic-specific and procedure-
specific fashion to provide a standardised guidance in the 
rational use of NMBAs.

Among anaesthesia providers, variances in the use of 
NMBA tended to be the highest for CRNAs. Based on this 
suggested trend, we speculate that CRNAs may tailor the 
practice more specifically to each surgeon. The finding 
of variability across anaesthesia providers is striking, as it 
may indicate overconfidence in clinical decision-making 
in the absence of a literature-based review. A recently 
concluded international survey noted that despite years 
of clinical practice, anaesthesia providers remain over-
confident in their ability to manage neuromuscular 
blockade and depend more on intuition than objective 
monitoring.26 This is likely a key driver of the variability 
in NMBA use that was noted in our study.

The use of NMBAs also differed across hospitals. In a 
multivariable-adjusted analysis, individual providers in 
the centre with overall higher NMBA use also showed 
higher interprovider variability in NMBA use compared 
with those providers in the centre with less NMBA use. 
These findings emphasise the importance of the impact 

https://dx.doi.org/10.1136/bmjopen-2020-048509
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of hospital culture on practice patterns and provide an 
additional avenue for change.

The methods used in this study have limitations. The 
retrospective design of the presented study may have 
prevented us from taking into account factors that may 
have influenced the use and necessity of NMBAs during 
surgery. It is possible that high provider variability in the 
use of NMBAs reflects different procedure distributions 
across providers, particularly surgeons. We performed 
several sensitivity analyses in procedure-specific subgroups 
of patients undergoing hernia repair surgeries, spine 
surgeries, mastectomies and surgical specialties, which 
revealed that individual surgeons still accounted for a 
higher percentage of the total variance NMBA use than 
anaesthesia providers. This finding was also significant 
when accounting for the surgical approach. However, 
considering the diversity of surgical procedures, surgeons 
may be more closely associated with their procedures than 
we studied. This study does not allow any conclusions 
regarding potential relationships between the observed 
provider variability and associated adverse outcomes such 
as surgical complications or implications on costs of care. 
However, provider variability in the use of NMBAs has 
not been objectively shown before. Therefore, we believe 
in adding important value to the discussion about stan-
dardised guidelines on the use of NMBAs.

CONCLUSION
We demonstrated substantial variability in the use of 
NMBAs across individual surgeons and anaesthesia 
providers and across hospitals. Given the risk associated 
with NMBAs, high variability across providers, indicating 
a liberal use, underscores the need for standardised 
guidelines in NMBA use. Surgeons may have a stronger 
influence on a key aspect of anaesthesia management 
than anticipated. Interprofessional education on optimal 
use of NMBAs may be warranted.
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