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Introduction
Postmarketing surveillance of adverse drug reac-
tions (ADRs) are a critical element in the assess-
ment of drug safety, as clinical trials performed 
prior to approval may not capture their full range 
or incidence.1 Voluntary spontaneous reporting 
mechanisms are used worldwide in nearly every 
country in the world; one example is the United 
States (US) Food and Drug Administration’s 
(FDA) Adverse Event Reporting System 
(FAERS). Calculating ADR rates from these 
sources is complicated by under-reporting bias; it 
is well established that such calculations are inap-
propriate under most circumstances given that 
their main intended purpose is signal detection.2–5 
Given the limitations inherent with voluntary 
reporting systems, there is a clear push to use 

novel data sources to augment our ability to 
detect postmarketing ADRs and calculate their 
rates.6–8 A recently published editorial summa-
rized the myriad approaches being used, includ-
ing social media and patient-facing mobile health 
applications (apps) for signal detection.9

Provider-facing apps are one promising source of 
ADR data. Apps are widely used by both patients 
and healthcare workers, with 259,000 apps avail-
able across multiple sources as of 2016.10 Cloud-
based techniques are being developed to use apps 
as platforms for two-way information exchange, 
providing app-based medical content on the one 
hand while gathering data from users on the 
other.11 For pharmacovigilance in particular, the 
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Innovative Medicines Initiative WEB-RADR 
project is deploying apps for ADR reporting the 
European Union, and elsewhere, as well as inves-
tigating the value of social media in the identifica-
tion of drug safety concerns.12,13

We sought to ascertain whether data collected 
from providers via an app platform could be used 
to estimate ADR rates. In particular, we were 
interested in exploring the rate of anaphylaxis and 
other ADRs associated with sugammadex admin-
istration. This drug is of interest because approval 
for clinical use in the US was delayed for several 
years primarily over concerns about hypersensi-
tivity reactions and effects on coagulation.14 A 
dedicated hypersensitivity trial elucidated the 
incidence of anaphylaxis as 1 per 299 cases 
(0.33%), but other sources suggest the rate is 
lower.15–18 By 2015, approximately 11.5 million 
dose of sugammadex had been distributed in 
countries across Europe, Asia, and Central and 
South America.15,19 Therefore, we queried anes-
thesia providers worldwide about their experience 
related to this and other known ADRs. We 
hypothesized that the crowdsourced estimate 
would be consistent with existing ADR rate 
estimates.

Materials and methods

Ethics approval and manuscript preparation
The study was reviewed and approved by the 
Emory University Institutional Review Board 
(study number 00082571), including a waiver of 
written informed consent. Participants anony-
mously gave electronic consent before participat-
ing in any data collection. The US FDA had 
previously determined that the app used for this 
study falls into the category of ‘enforcement dis-
cretion,’ meaning that, at present, the US FDA 
does not intend to enforce requirements for this 
app under the Federal Food, Drug, and Cosmetic 
Act.20 This manuscript was prepared in accord-
ance with the STROBE (STrengthening the 
Reporting of OBservational studies in 
Epidemiology) checklist for improved reporting 
of outcomes from observational studies.21

Data collection
A free app (‘Anesthesiologist’) for Android 
mobile devices, providing anesthesia references 
and drug calculation capabilities, was previously 
developed and deployed.11,22 This app was built 

as a clinical resource for anesthesia providers 
and has over 50,000 active users. The Survalytics 
platform was integrated with the app, enabling 
cloud-based delivery of survey questions and 
storage of survey responses and application ana-
lytics using an Amazon (Seattle, WA, USA) Web 
Services (AWS) database.23 Anonymized infor-
mation including basic demographics (Online 
Resource 1, Table A), user location, and app 
usage data was collected. Further details regard-
ing data collected and the methodology are 
available in Online Resource 1. An anonymous 
10-question survey was deployed via the app; 
questions relevant to the work presented here 
are shown in Table 1. Data analyzed in the pre-
sent work were collected between December 
2015 and May 2017, with initial deployment of 
the sugammadex survey occurring in March 
2016. After opting in to study participation, 
users were presented with survey questions upon 
opening the app and had the option of clicking a 
‘Not now/answer later’ button to bypass the sur-
vey, in which case the most recent question was 
presented again with the next app activation. 
Only users of the app who reported access to 
sugammadex (Table 1, Q-02, ‘Yes’) were pre-
sented with additional questions in the survey. 
Only data from physicians and providers in anes-
thesia-related professions were used in the pre-
sent analysis; data from other subjects (e.g. 
nurses, paramedics, medical student, pharma-
cists, and respiratory therapists) was discarded.

Statistical methods
Raw data from the AWS DynamoDB table were 
downloaded and analyzed in R v3.4.2 (R Core 
Team, Vienna, Austria).24,25 For calculation of 
confidence intervals of event rates, the Clopper–
Pearson method was applied using the ‘PropCI’ 
R package.26 In some cases where confidence 
intervals were not supplied with the primary 
source, we performed this calculation using num-
bers from that source to back-calculate confi-
dence intervals.

The significance of differences between demo-
graphic characteristics were calculated using the 
Wilcoxon rank-sum test. Respondents submitting 
the default numbers for the two questions assess-
ing their usage (for Q-03: 5 years and for Q-04: 
25 administrations per week) were assumed to 
represent failure to change the default position 
(‘straight-line answering’) rather than true 
responses and were excluded from the 
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calculation. We calculated a raw ADR prevalence 
based on the reported number of events divided 
by the total number of respondents. We estimated 
ADR reporting rate by dividing the total number 
of ADRs reported by the total number of doses of 
sugammadex administered. Because we did not 
collect information from providers on the number 
of times that they had observed each ADR, nor 
did we collect information about the number of 
weeks per year worked, the values used for the 
numerator and denominator were calculated 
using two scenarios: (1) a high ADR/low-use sce-
nario, in which respondents were assumed to 
have observed the reported ADR 10 times and to 
work 26 weeks per year, and (2) a low ADR/high 
use scenario, in which respondents were assumed 
to have observed each reported ADR once and to 
work 46 weeks per year. For the high ADR sce-
nario, we chose to multiply the reported number 
of events by 10 in order to account for under-
reporting bias and assume an observed event rate 
far in excess of the likely actual rate that an  
individual provider would have observed each 
event. Additional details are provided in Online 
Resource 1. We also assessed for differences in 

the likelihood of reporting an ADR based on the 
participant's total number of administered doses, 
excluding participants calculated to have admin-
istered zero doses (e.g. either zero years or zero 
uses per week reported). In Table 4, we report the 
median and interquartile range of the low-use 
scenario number of administered doses, and sig-
nificance was calculated using the Wilcoxon rank-
sum test.

Results

Participant characteristics
A total of 12,450 anesthesia providers in 187 
countries responded to the screening question 
regarding access to sugammadex and whether it 
was relevant to their clinical practice (Table 2; 
response rate = 12.5% based on an estimated 
maximum of 100,000 active app users). A total of 
6489 (52%) anesthesia providers in 167 countries 
indicated they had access to sugammadex and 
were presented with the remainder of the survey. 
As users could cease answering questions at any 
time, there was attrition in the total number of 

Table 1. Survey for collection of information about sugammadex.

Question Responses

Q-01 Introduction: In light of the recent approval of sugammadex in the United States for clinical use, we are investigating 
practice patterns related to the use of this drug globally. This study is for academic purposes and we have no relationship 
with the manufacturer(s) of sugammadex. This is a nine-question survey and should only take a few minutes to complete. We 
appreciate your participation.

Q-02 Do you have access to sugammadex in your clinical 
practice?

Yes No, not on formulary

Yes, but not relevant to my 
practice

No, not approved in my 
country

No or unsure, but not 
relevant to my practice

 

Q-03 How many years have you been using sugammadex? Range: 0–10

Q-04 How many times per week would estimate you use 
sugammadex?

Range: 0–50

Q-09 Which of the following adverse events, suspected or 
proven to be sugammadex-related, have you observed in 
your personal clinical practice?

Anaphylaxis Incomplete reversal of 
neuromuscular blockade

Hypersensitivity Treatment of rocuronium/
vecuronium anaphylaxis

Bradycardia Other

Bronchospasm None of the above
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responses recorded for each question (i.e. 
‘respondent fatigue’, see Discussion); this attri-
tion is presented in Figure 1. Characteristics asso-
ciated with respondent fatigue have been analyzed 
separately.27 Demographic information, as avail-
able based on data collected in the basic survey 
(Online Resource 1, Table A), is presented in the 
first column of Table 3.

Reporting rate of ADRs related to sugammadex 
administration
In addition to respondent fatigue, we also 
observed an unexpectedly large number of 
responses where the sliding-bar response mecha-
nism used to collect the answer to Q-03 and Q-04 
were not changed from their default positions 
(‘straight-line’ answering). For Q-03, 2329 
(35.9%) of participants entered the default 
response of 5 years. For Q-04, 1966 (30.3%) of 
participants entered the default response of 25 
administrations per week. Together, this repre-
sented data from 2679 (41.3%) respondents. 
After excluding responses from these respond-
ents, data from 2770 participants in 119 coun-
tries were available for analysis. The demographic 
characteristics of this subset of participants is 

presented in the second column of Table 3. As 
seen in Online Resource 1, Figure A, the majority 
of providers participating in the survey used sug-
ammadex less than five times per week and had 
used it for less than 3 years.

Collectively, participants had administered an 
estimated 1.6–2.9 million doses of sugamma-
dex, or 588–1040 administrations per partici-
pant. As shown in Table 4, participants who 
had administered a greater number of doses of 
sugammadex were more likely to have reported 
an ADR in this survey. The ranges for the esti-
mated reporting rate of sugammadex-related 
ADRs are reported in Table 4. Anaphylaxis 
rates were estimated to be between 1:1000 and 
1:20,000 (0.005–0.098%). Bradycardia and 
incomplete reversal of neuromuscular blockade 
(NMB) were the most common events reported, 
with a high-end estimated rate of approximately 
1:500. Hypersensitivity and bronchospasm were 
less common than anaphylaxis. A small number 
of users reported off-label use of sugammadex 
to treat anaphylaxis caused by rocuronium or 
vecuronium. Overall, a cumulative 22.7% of 
participants reported observing an ADR associ-
ated with sugammadex administration.

Table 2. Participant self-report of availability and relevance of sugammadex to their practice.

Q-02 Do you 
have access to 
sugammadex in your 
clinical practice?

Yes Yes, but not 
relevant to 
my practice

No, not on 
formulary

No, not 
approved in 
my country

No or unsure, but 
not relevant to 
my practice

Sum

Physician: Attending/
Consultant

2227 (52.2%) 267 (6.3%) 827 (19.4%) 664 (15.6%) 282 (6.6%) 4267

Physician: Fellow/
Resident/Registrar

1610 (47.9%) 172 (5.1%) 718 (21.4%) 563 (16.8%) 298 (8.9%) 3361

Anesthesia assistant 
(PA) or
Nurse anesthetist 
(CRNA)

1864 (54.8%) 197 (5.8%) 691 (20.3%) 421 (12.4%) 231 (6.8%) 3404

Student anesthesia 
assistant (PA) or
nurse anesthetist 
(CRNA)

274 (52.2%) 37 (7%) 111 (21.1%) 51 (9.7%) 52 (9.9%) 525

Technically trained in 
anesthesia

94 (41.8%) 19 (8.4%) 37 (16.4%) 48 (21.3%) 27 (12%) 225

Anesthesia technician 420 (62.9%) 48 (7.2%) 55 (8.2%) 81 (12.1%) 64 (9.6%) 668

Sum 6489 740 2439 1828 954 12,450

CRNA, certified registered nurse anesthetist; PA, physician’s assistant.
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Discussion
Using an app-based approach, we surveyed more 
than 6000 anesthesia providers in 167 countries. 
Responses from nearly 3000 users were used and 
accounted for an estimated 1.6–2.9 million doses 
of sugammadex administered. We found that a 
small minority of providers (5.7%) reported that 
they had encountered an anaphylactic reaction. 
This crowdsourced data yielded an estimated rate 

of 1:1000–1:20,000 for anaphylaxis to sugamma-
dex. The most commonly reported ADRs were 
bradycardia and incomplete reversal of NMB.

Several approaches have previously been taken to 
characterize the rate of anaphylaxis to sugamma-
dex. Those rate estimates are summarized in 
Figure 2. Postmarketing surveillance relies on vol-
untary reporting by healthcare professionals and 
consumers, which is subject to under-reporting 
and is therefore unreliable for the calculation of 
ADR frequency.3 Even so, the postmarketing data 
for sugammadex has been used to support its safety 
profile. A presentation on sugammadex to the US 
FDA Advisory Committee notes that 273 cases of 
anaphylaxis were reported in postmarketing sur-
veillance for 11.5 million doses distributed.15 
Using these data, a rate of 24 per 100,000 (0.024%) 
was suggested using the following assumptions: 
95% of distributed vials were used and only 10% 
of cases were reported.15 There were two other 
estimated anaphylaxis rates that were cited in that 
presentation: (1) an upper limit on the rate of 0.1% 
based on pooled phase I–III data with no cases of 
anaphylaxis in N = 3519 patients, and (2) a rate of 
0.33% based on the clinical trial requested by the 
US FDA, in which one patient had anaphylaxis 
out of N = 299 patients (notably, the Clopper–
Pearson 95% confidence interval for that study 
puts the rate between 0.0085% and 1.9%, an 
interval too wide to be of value in clinical decision-
making). A recently published study by Miyazaki 
and colleagues reported an estimated anaphylaxis 
rate of 0.059%, with a 95% confidence interval of 
0.032–0.1%.17 At our institution, we have observed 
just one case of anaphylaxis in 5321 administra-
tions, yielding a confidence interval of 0.004–
0.135%. Comparison of these rates demonstrates 
that the app-based approach is consistent with 
rates estimated by these other methods. That par-
ticipants who had used sugammadex more were 
more likely to have observed an ADR lends further 
strength to our findings; given that our survey 
would have only captured prevalent events, it 
would be expected that increasing usage of the 
drug would increase the likelihood of observing an 
ADR related to that drug.

Another potential source of internal validation to 
this study would have been the ability to compare 
reporting rates for other ADRs. Unfortunately, 
anaphylaxis is the most well studied of the ADRs 
associated with sugammadex. The only other 
ADR for which there is publicly available infor-
mation is the reporting rate of bradycardias 

Figure 1. Number of participants providing answers 
to each question in the sugammadex survey. 
Respondent fatigue led to attrition in the total 
number of responses collected for Q-03 versus Q-10.

https://journals.sagepub.com/home/taw
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Table 3. Demographic characteristics of study participants.

Characteristic Respondents 
starting survey

Respondents 
analyzed for 
ADR data

P

Country income 6486 2768  

High income 2923 (45.1%) 1749 (63.2%) 0.008

Upper middle income 2099 (32.4%) 734 (26.5%)

Lower middle income 1303 (20.1%) 272 (9.8%)

Low income 161 (2.5%) 13 (0.5%)

Provider type 6489 2770  

Physician 2227 (34.3%) 1042 (37.6%) <0.001

Physician trainee 1610 (24.8%) 897 (32.4%)

Anesthesia assistant (PA) or
nurse anesthetist (CRNA)

1864 (28.7%) 669 (24.2%)

Student anesthesia assistant (PA) or
nurse anesthetist (CRNA)

274 (4.2%) 75 (2.7%)

Technically trained in anesthesia 94 (1.4%) 15 (0.5%)

Anesthesia tech 420 (6.5%) 72 (2.6%)

Importance (binomial) 4137 1977  

Absolutely essential/very important 1774 (42.9%) 751 (38%) 0.125

Average or below 2363 (57.1%) 1226 (62%)

Length of practice 2977 1593  

0–5 Years 1208 (40.6%) 705 (44.3%) 0.008

6–10 Years 558 (18.7%) 355 (22.3%)

11–20 Years 541 (18.2%) 276 (17.3%)

>21 Years 670 (22.5%) 257 (16.1%)

Practice size (grouped) 3873 1845  

Solo 1589 (41%) 571 (30.9%) 0.008

Small group <10 787 (20.3%) 343 (18.6%)

Medium group 10–25 471 (12.2%) 293 (15.9%)

Large group >25 1026 (26.5%) 638 (34.6%)

Practice model 3558 1750  

Physician only 1243 (34.9%) 527 (30.1%) <0.001

Physician supervised, anesthesiologist on  
site

1587 (44.6%) 926 (52.9%)

https://journals.sagepub.com/home/taw
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Characteristic Respondents 
starting survey

Respondents 
analyzed for 
ADR data

P

Physician supervised, non-anesthesiologist 
on site

236 (6.6%) 87 (5%)

Physician supervised, no physician on site 139 (3.9%) 54 (3.1%)

No physician supervision 193 (5.4%) 95 (5.4%)

Not an anesthesia provider 160 (4.5%) 61 (3.5%)

Primary community served 3502 1733  

Urban 2163 (61.8%) 1208 (69.7%) 0.031

Suburban 574 (16.4%) 291 (16.8%)

Rural 765 (21.8%) 234 (13.5%)

Practice type 3592 1757  

Private clinic or office 652 (18.2%) 160 (9.1%) <0.001

Local health clinic 323 (9%) 121 (6.9%)

Ambulatory surgery center 147 (4.1%) 43 (2.4%)

Small community hospital 403 (11.2%) 234 (13.3%)

Large community hospital 1082 (30.1%) 598 (34%)

Academic department/university hospital 985 (27.4%) 601 (34.2%)

ADR, adverse drug reaction; CRNA, certified registered nurse anesthetist; PA, physician’s assistant.

Table 3. (Continued)

associated with sugammadex that were presented 
to the US FDA Advisory Panel by the manufac-
turer. We used this to calculate a Clopper–
Pearson confidence interval, and present the 
comparison in the Online Resource, Figure B. Of 
note, in the presentation, bradycardias had fewer 
spontaneously reported events than anaphylaxis. 
In our survey, we found bradycardia events to be 
more commonly reported. It could be that 
prompting led more respondents to recall a spe-
cific bradycardia event, whereas this potentially 
less impactful ADR is under-reported on a spon-
taneous basis. This is a speculative conclusion 
that requires further work to truly understand.

A few of our findings merit further discussion. 
First, 99 providers reported using sugammadex to 
treat allergic reactions due to rocuronium or vecu-
ronium. This off-label use of sugammadex has 
been described in a number of case reports but is 
controversial and cannot be recommended with-
out additional formal investigation.28 Second, 7% 

of respondents (N = 202) had observed residual 
NMB with sugammadex usage. We have previ-
ously reported that cost concerns were the domi-
nant force in provider decision-making about 
sugammadex use.29 As residual blockade is known 
to occur when sugammadex is under-dosed, a 
speculative conclusion regarding this finding is 
that cost concerns could drive under-dosing and 
an increased frequency of residual blockade.30,31 
Finally, a number of providers reported ‘other’ 
ADRs not listed in the question. For simplicity of 
the survey instrument and to encourage maximum 
thoughtful response rate, we did not follow up on 
this. However, our survey could easily be modified 
to follow up with open-ended questions regarding 
the ADR report, potentially extending the value of 
this approach to signal detection of rare and other-
wise unrecognized ADRs.

Of interest in future investigations will be the rate 
at which data can be collected using this method-
ology. This will be highly dependent on the type of 
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app, the frequency with which it is used, the target 
audience (e.g. for patient care providers), and the 
total user base. After all screening and filtering, we 
obtained 2770 responses over a 15 month period, 
or 184 responses per month. Further work is nec-
essary to understand how generalizable our find-
ings are to other apps in terms of ability to collect 
data and the speed of data collection. Another 
area of future investigation will be the capacity for 
this methodology to assess geographic distribu-
tions of ADRs. Our data were too limited to reach 
any conclusions about geographic variance in 
ADR distribution due to the possibility of sam-
pling bias (see Online Resource, Table B).

This exploratory approach to estimate the reporting 
rate of ADRs has several limitations. Primarily, our 
approach is likely biased in several ways, and the 
absence of methodologically similar comparator 
data is an important limitation in this context. The 
low-end estimate is likely biased towards underesti-
mation. Respondents may not have recalled or rec-
ognized a sugammadex associated ADR, resulting 

an artificially low numerator. As a relatively new 
drug, sugammadex usage is likely to have been 
increasing over time. However, collected responses 
may reflect more recent utilization, not the average 
historic utilization. This source of recall bias would 
result in an artificially large denominator.

The high-end estimate, on the other hand, is 
likely biased towards overestimating the event 
rate: we severely discounted the time providers 
are likely to have worked, and even though some 
respondents may have observed events more than 
once, the model uses a generous reported to 
actual multiplier of 10. Therefore, the true rate of 
anaphylaxis most likely lies somewhere within our 
reporting range of 0.005–0.1%.

Another limitation is that the app serving as the 
platform is primarily used as a reference for pedi-
atric patients, and providers using the app may 
skew towards pediatric specialists.11 This is an 
important consideration as sugammadex may see 
less use in this patient population due to less 

Table 4. Crowdsourced estimate of the prevalence and reporting rate of adverse events associated with sugammadex 
administration. Low and high-end estimates of the rate were based on assumptions about how much providers worked and how 
many events each report (N) represented. Participants who used sugammadex more were more likely to report an ADR.

Total respondents 
(N = 2770)

N Prevalence of 
respondents 
observing an 
ADR

Low-end 
reporting 
rate

High-end 
reporting 
rate

Doses administered 
for participants not 
reporting this ADR
low-use 
scenario; median 
[interquartile 
range]

Doses 
administered 
for participants 
reporting this ADR
low-use 
scenario; median 
[interquartile 
range]

P

Anaphylaxis 159 5.7% 0.0055% 0.098% 182 [78–546] 338 [156–4758] <0.001

Hypersensitivity 109 3.9% 0.0038% 0.067% 208 [78–520] 728 [182–6188] <0.001

Bronchospasm 137 4.9% 0.0048% 0.084% 182 [78–520] 728 [208–4212] <0.001

Bradycardia 205 7.4% 0.0071% 0.126% 182 [78–520] 325 [104–1625] <0.001

Incomplete reversal 
of neuromuscular 
blockade

202 7.3% 0.0070% 0.124% 208 [78–520] 312 [104–1040] <0.001

Other 117 4.2% 0.0036% 0.072% 208 [78–526.5] 546 [156–5915] <0.001

Cumulative 629 22.7% 0.0218% 0.386% 156 [78–494] 312 [104–1040] <0.001

Treatment of 
rocuronium/
vecuronium 
anaphylaxis

99 3.6% 0.0034% 0.061% 208 [78–546] 806 [260–7189] <0.001

ADR, adverse drug reaction.
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frequent NMB agent use.32 In the US and several 
other countries, sugammadex has off-label status 
for patients younger than 17 years old.33 
Withdrawal bias may have influenced our results 
as there were statistically significant differences 
between the population of users starting the sur-
vey and those providing enough/appropriate data 
for use in the final calculation of ADR rate.

One source of selection bias may be due to the 
relatively low survey response rate. Another 
source of selection bias may be due to exclusive 
use of the Android platform. Prior reports suggest 
that there do not appear to be significant person-
ality differences between users of Android versus 
iOS operating systems.34 Android devices occu-
pied 82% of the global smartphone market35 in 
2016, but with higher relative penetration of the 
generally more expensive devices running iOS in 
high-income countries.36 Therefore, differences 
in participant income or other unaccounted-for 
variables could skew the app user base and intro-
duce confounding.

We observed respondent fatigue in our survey. A 
term from the survey literature, respondent fatigue 
describes situations in which respondents fail to 
complete the survey or provide less than com-
pletely thoughtful answers to questions in the sur-
vey, particularly with questions placed towards the 
end of the instrument.37 Respondent fatigue 
potentially introduces bias into the survey results 
in that the missing data may not be occurring at 
random. An analysis of our findings related to 
respondent fatigue demonstrated that specific 
demographic categories were associated with 
respondent fatigue (measured by the failure to 
complete a secondary survey).27 In order to mini-
mize respondent fatigue, we limited the number of 
questions and restricted ourselves to multiple 
choice questions and sliding-bar responses.

Conclusion
Even in light of clear limitations, using an app-
based approach to assess ADR rates appeared to 
recapitulate the estimate of a significant ADR 
obtained by other methods. In particular, several 
studies (including ours) have now found a rate of 
anaphylaxis to sugammadex significantly lower 
than the rate listed in the package insert. Our 
work demonstrates the potential feasibility of 
using app-based surveys for postmarketing ADR 
signal detection and calculation of an ADR 
reporting rate. If validated, and subject to the 

limitations discussed, app-based surveys may be a 
useful novel data stream in the identification of 
drug administration patterns, monitoring of utili-
zation rates, and detection and characterization of 
ADRs by tapping into the experience of health-
care professionals regionally and globally.

Key points
 • The reporting rate of anaphylaxis due to sug-

ammadex, based on the app-based crowd-
sourced data, was estimated to be not more 
than 0.1%. This estimate carries substantial 
limitations in accuracy, but was consistent 
with previously reported estimates using 
other, more standard approaches.

 • App-based approaches may be valuable 
adjuncts to other traditional and developing 
sources of information for adverse event 
signal detection and assessment of report-
ing rates for adverse events.
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