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Abstract
Background Serious cardiovascular adverse events (SCAEs) associated with intravenous sedatives remain poorly 
characterized.
Objective The objective of this study was to compare SCAE incidence, types, and mortality between intravenous benzodi-
azepines (i.e., diazepam, lorazepam, and midazolam), dexmedetomidine, and propofol in the USA over 8 years regardless 
of the clinical setting where it was administered.
Methods The Food and Drug Administration’s MedWatch Adverse Event Reporting System was searched between 2004 
and 2011 using the  Evidex® platform from Advera Health Analytics, Inc. to identify all reports that included one or more 
of ten different SCAEs (package insert incidence ≥ 1%) and where an intravenous benzodiazepine, dexmedetomidine, or 
propofol was the primary suspected drug.
Results Among the 2326 Food and Drug Administration’s MedWatch Adverse Event Reporting System cases reported, 394 
(16.9%) were related to a SCAE. The presence of a SCAE (vs. a non-SCAE) is associated with higher mortality (34 vs. 8%, 
p < 0.001). The percentage of cases with one or more SCAE, the case mortality rate (%), and the incidence of each SCAE (per 
 106 days of sedative exposure), respectively, were benzodiazepines (14, 26, 13) [diazepam (13, 23, 31); lorazepam (15, 43, 
14); midazolam (14, 20, 11)]; dexmedetomidine (40, 15, 13); and propofol (17, 39, 7). Propofol (vs. either a benzodiazepine 
or dexmedetomidine) was associated with more total SCAEs (268 vs. 126, p < 0.001) but a lower incidence (per  106 days of 
sedative exposure) of SCAE (7 vs. 13, p = 0.0001) and cardiac arrest [6.3 (benzodiazepine) vs. 6.7 (dexmedetomidine) vs. 
1.4 (propofol), p < 0.0001].
Conclusions Serious cardiac adverse events account for nearly one-fifth of intravenous sedative Food and Drug Adminis-
tration’s MedWatch Adverse Event Reporting System reports. These SCAEs appear to be associated with greater mortal-
ity than non-cardiac serious adverse events. Serious cardiac events may be more prevalent with either benzodiazepines or 
dexmedetomidine than propofol.
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Key Points 

Serious cardiac adverse events account for nearly one-
fifth of intravenous sedative Food and Drug Adminis-
tration’s MedWatch Adverse Event Reporting System 
reports.

These serious cardiac adverse events appear to be associ-
ated with greater mortality than non-cardiac serious 
adverse events.

Serious cardiac events may be more prevalent with either 
benzodiazepines or dexmedetomidine than propofol.
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1 Introduction

Intravenous sedatives are frequently administered during 
diagnostic procedures, surgical operations, and periods of 
mechanical ventilatory support to maintain patient com-
fort and safety [1–7]. Although intravenous sedatives are 
usually administered by trained clinicians in monitored 
settings, their use may lead to adverse events that some-
times result in serious morbidity and mortality [8–12]. 
Adverse reactions affecting the central nervous and res-
piratory systems are often an extension of the expected 
sedative pharmacologic effect and usually predictable; 
adverse events affecting the cardiovascular system, par-
ticularly those that are severe and life threatening, are 
often not expected [13–15].

Package inserts for the intravenous sedatives most fre-
quently administered across both outpatient and inpatient 
settings [e.g., benzodiazepines (i.e., diazepam, lorazepam, 
midazolam), dexmedetomidine, and propofol] list a num-
ber of potential cardiac adverse effects [16–20]. While it 
is hypothesized that dexmedetomidine and propofol have 
a greater frequency of serious cardiovascular adverse 
events (SCAEs) than benzodiazepines given their well-
established cardiac effects, much of these safety data are 
derived from controlled clinical studies where the number 
of patients exposed to each sedative is relatively small 
and patients with underlying risk factor(s) for potential 
cardiac safety concerns might be excluded [21–23]. The 
number of post-marketing intravenous sedative safety 
studies are also small [24–27], and thus the types and 
frequency of SCAE-associated intravenous sedative use 
in the USA remains poorly characterized. A better under-
standing of the epidemiology of SCAEs associated with 
intravenous sedative use is important when prescribing 
decisions are being formulated and monitoring practices 
are refined [28–30].

The Food and Drug Administration’s MedWatch 
Adverse Event Reporting System (FAERS) is the world’s 
largest repository of drug-associated adverse events [31]. 
However, until recently, and like the European Medicine 
Agency’s PharmacoVigilance system, it has not been fea-
sible to manually search for infrequent adverse events 
that are associated with commonly prescribed medica-
tions [32, 33]. The  Evidex® platform from Advera Health 
Analytics, Inc. is a new searchable FAERS database sys-
tem that makes analysis across large cohorts of patients 
feasible [31, 34–36]. The purpose of this observational 
study was to characterize and compare the incidence and 
associated mortality of the ten most clinically important 
SCAEs between intravenous benzodiazepines (including 
diazepam, lorazepam, and midazolam), dexmedetomo-
dine, and propofol, over an 8-year period in the USA.

2  Methods

2.1  Study Design

This retrospective cohort study searched the FAERS data-
base over an 8-year period (1 January, 2004–31 December, 
2011) to identify all case reports where one or more of the 
five intravenous sedatives was administered and the patient 
experienced one or more of the designated SCAEs. The study 
evaluation period represented a time frame when each of the 
sedatives were being used in clinical practice; the 8 years of 
evaluation was felt to represent a robust period to characterize 
the incidence of SCAEs for each agent. Cases were excluded 
if one or more of the following existed: (1) age < 18 years; 
(2) care was received outside of the USA; (3) the intravenous 
sedative was not the primary drug suspected to have caused 
the SCAE; or (4) the SCAE was not linked to the sedative 
drug in both the “primary” and “all” FAERS database fields. 
Pediatric patients were excluded from this analysis given their 
underlying risks for SCAEs may be different than adults. This 
analysis received expedited approval from the Institutional 
Review Boards at Northeastern University and Tufts Medical 
Center given the de-identified nature of the FAERS database.

2.2  Sedative Agent Choice

The five intravenous sedatives included in the analysis [ben-
zodiazepines (i.e., diazepam, lorazepam, and midazolam), 
dexmedetomidine and propofol] each represent agents that 
have been approved for use for more than a decade and 
remain frequently administered in the USA. Other intrave-
nous agents with sedative properties were excluded from this 
analysis if their use was deemed to be rare (e.g., fospropofol) 
or involved the administration of only a single intravenous 
dose (e.g., etomidate). Agents with analgesic properties were 
also excluded (e.g., opioids, ketamine).

2.3  Serious Cardiac Adverse Event Identification 
and Coding

The SCAEs selected for the analysis were identified using 
a series of deliberate steps. The most recent package insert 
for each intravenous sedative was reviewed to determine the 
SCAEs that have been reported in ≥ 1% of patients exposed 
to the agent [16–20]. Each of these SCAEs was then coded 
using the appropriate Medical Dictionary for Regulatory 
Activities high- and low-level group terms [Table 1 of the 
Electronic Supplementary Material (ESM)] [37, 38]. Two 
experienced cardiac electrophysiologists reviewed this popu-
lated list of high- and low-level group terms, and through 
consensus, identified the ten that would be of the greatest 
clinical significance to patients, regardless of the clinical 
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setting where the adverse event occurred. The evaluated 
SCAEs included cardiac arrest, ventricular arrhythmia, 
supraventricular arrhythmia, bradyarrhythmia, Brugada 
ECG pattern, QTc-interval prolongation, myocardial infarc-
tion, stroke, cardiac failure, and coronary ischemia.

2.4  Data Extraction

The FAERS database was searched using the  Evidex® plat-
form (Advera Health Analytics, Inc., Santa Rosa, CA, USA). 
Duplicate cases (e.g., multiple reports describing the same 
adverse event in the same patient) were excluded. Each of 
the FAERS case reports was then manually reviewed, inde-
pendently and in duplicate, by two trained data extractors, to 
determine the patient age, the specific SCAE reported, and 
whether the patient survived the event.

2.5  Estimation of Annual Serious Cardiac Adverse 
Event Incidence

Evaluation of the FAERS system is limited by the fact 
the number of patients exposed to the particular medica-
tion is unknown. However, estimating SCAE incidence 
between different intravenous sedatives is of value to clini-
cians when they make sedative prescribing decisions. In an 
effort to estimate an actual incidence rate for each SCAE, 
we obtained total milligram (mg) sales for each intravenous 
sedative (across all vial sizes and manufacturers) in the USA 
for each of the 8 study years from Quintiles-IMS Health 
(Danbury, CT, USA). For the purpose of this analysis, we 
assumed that if a vial of a sedative was sold in the USA 
in a specific year, its entire contents were administered to 
only one patient, a common occurrence in practice, and that 
none of the contents of the vial was discarded. The total 
annual sales of each intravenous sedative was converted to 
annual grams sold and for the purpose of all analyses were 
presented as g × 106. Sedative dosing in the outpatient set-
ting varies substantially. To standardize SCAE incidence by 
usual intravenous sedative dose, we therefore assumed that 
all intravenous sedatives were administered in an intensive 
care unit setting as a continuous infusion at a standard dose 
[6, 7, 21, 22]. In the end, through this process, we were able 
to determine the cumulative incidence of each SCAE per 
total sedative day over the 8-year evaluation period. In an 
effort to better contextualize the frequency of each SCAE to 
clinicians, the incidence of each SCAE per total sedative day 
was also converted into the number of sedative days neces-
sary to observe one SCAE.

2.6  Data Analysis

All analyses considered benzodiazepines as a class and also 
as three distinct agents. Across the eight evaluation years, age 

and mortality were compared for each sedative class between 
FAERS cases with one or more SCAE and FAERS cases with 
no SCAE. Data were expressed as mean ± standard deviation 
or median (interquartile range). Comparison of dichotomous 
variables across the groups was performed using a three-way 
Chi-square test (or Fisher’s exact test), as appropriate; com-
parison of two means was performed using the Student’s t test. 
All comparisons were two tailed; a p value of less than 0.05 
was considered significant. All tests were performed using 
IBM SPSS version 21 (Armonk, NY, USA).

3  Results

In total, 5716 FAERS reports were submitted for the five 
intravenous sedative agents between 2004 and 2011.

Among the 2326 reports meeting all inclusion criteria, 394 
(16.9%) included at least one SCAE (Fig. 1). The subgroup 
of patients who experienced an SCAE (vs. those who expe-
rienced a non-SCAE adverse event) were older if they had 
received dexmedetomidine (p = 0.01) or propofol (p = 0.03) 
(Table 1) and more likely to die if administered a benzodi-
azepine (p < 0.0001) or propofol (p < 0.0001). Among the 
three benzodiazepines studied, mortality was higher when a 
SCAE was reported for lorazepam (p = 0.0001) or midazolam 
(p = 0.01) but not with diazepam (p = 0.15).

The distribution of cases with an SCAE by intravenous 
sedative and SCAE type is shown in Table 2 of the ESM. 

Fig. 1  Flow diagram accounting for all patients included in the final 
analysis. FAERS Food and Drug Administration’s MedWatch Adverse 
Event Reporting System
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Compared to the benzodiazepines and dexmedetomidine, 
propofol was associated with the highest number of SCAE 
cases across all ten SCAE categories. Before adjusting for 
annual sedative exposure, the number of adverse events dif-
fered between the sedative classes for three of the SCAE 
categories: cardiac arrest, ventricular arrhythmia, and acute 
cardiac failure. The number of reports of cardiac arrest and 
cardiac failure were highest with dexmedetomidine; reports 
of ventricular arrhythmia were highest with propofol.

Total annual US sales for each intravenous sedative are 
found in Table 3 of the ESM. When adjusted for actual annual 
sedative use, the incidence rate for nine of the ten SCAEs was 
greater with both the benzodiazepines and dexmedetomidine 
than for propofol (Table 2). For the remaining SCAE, cardiac 
failure, dexmedetomidine was associated with a greater inci-
dence than either the benzodiazepines or propofol. Within 
the benzodiazepine group, diazepam was associated with 
more SCAEs, in particular cardiac arrest, than lorazepam or 
midazolam. When converted to the number of million seda-
tive days administered for a single SCAE to occur, at least 
700,000 days of lorazepam, midazolam, dexmedetomidine, 
or propofol exposure had to occur for a patient to experience 
one SCAE. For diazepam, one SCAE would occur for every 
320,000 days of diazepam use (Table 3).

4  Discussion

This article is the first time that the  Evidex® platform has 
been used to identify rare adverse events among patients 
administered commonly used anesthesiology/critical care 

medications. Our careful evaluation of the FAERS database 
shows that the cardiovascular safety of benzodiazepines, 
dexmedetomidine and propofol is favorable. However, when 
an SCAE does occur, mortality is increased. At first glance, 
one might conclude that the cardiovascular risk profile of 
propofol is worse than that of the benzodiazepines or dexme-
detomidine. However, when the much larger annual use of 
propofol is considered, the incidence of SCAEs with propo-
fol is actually significantly lower.

Among the more than 200,000 Americans who develop 
an in-hospital cardiac arrest each year, only one-quarter sur-
vive [39, 40]. Propofol has been postulated to cause cardiac 
arrest through its ability to induce cardiovascular failure and 
subsequent hyperkalemia [41, 42]. The mechanism by which 
dexmedetomidine causes cardiac arrest is primarily felt to 
be related to its propensity to cause bradycardia [43]. Both 
parenteral diazepam and lorazepam are formulated with pro-
pylene glycol—an excipient known to cause lactic acidosis 
and cardiac arrest when administered in high doses [44, 45]. 
It is unclear why the risk of cardiac arrest with diazepam 
was more than three-times greater than that of lorazepam 
and the risk between lorazepam and midazolam (an agent 
without propylene glycol) was similar [8, 46, 47]. The lack 
of information regarding sedative dosing in the FAERS data-
base prevents firm conclusions regarding propylene glycol 
toxicity from being made. Serum osmolality should be mon-
itored in patients receiving high-dose continuous infusions 
of diazepam or lorazepam [44, 45]. The five-times greater 
incidence of cardiac arrest we report both with benzodiaz-
epines (across all agents) and dexmedetomidine (compared 
to propofol) is noteworthy given that many clinicians might 

Table 1  Comparison of total number, patient age, and mortality rate 
between Food and Drug Administration’s Adverse Event Reporting 
System (FAERS) cases with one or more serious cardiovascular event 

vs. FAERS cases with no serious cardiovascular event for each intra-
venous sedative over the 8-year evaluation period

FAERS cases Age Mortality

Serious  
cardiovascular 
event
N (%)

No serious  
cardiovascular  
event
N (%)

Serious  
cardiovascular 
event (years)

No serious 
cardiovascular 
event (years)

p value Serious 
cardiovascular 
event
N (%)

No serious  
cardiovascular 
event
N (%)

p value

Benzodiazepines 
(n = 647)

93 (14) 554 (86) 58 56 0.33 24 (26) 50 (9) < 0.0001

 Diazepam (n = 101) 13 (13) 88 (87) 53 50 0.61 3 (23) 8 (9) 0.15
 Lorazepam 

(n = 138)
21 (15) 117 (85) 52 56 0.36 9 (43) 10 (9) 0.0001

 Midazolam 
(n = 408)

59 (14) 349 (86) 62 57 0.09 12 (20) 32 (9) 0.01

Dexmedetomidine 
(n = 83)

33 (40) 50 (60) 63 56 0.01 5 (15) 3 (6) 0.25

Propofol (n = 1596) 268 (17) 1328 (83) 52 50 0.03 105 (39) 98 (7) < 0.0001
All sedatives 

(n = 2326)
394 (17) 1932 (83) 62 52 < 0.01 134 (34) 151 (8) < 0.0001
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perceive propofol to be the sedative most likely to potentiate 
cardiac arrest.

Ventricular arrhythmias may lead to cardiac arrest and 
are often associated with patient morbidity and mortality 
[40, 48, 49]. While ventricular arrhythmias are a well-estab-
lished safety concern with the use of propofol, and are one 
of the first signs of the propofol-related infusion syndrome 
[50–52], dexmedetomidine has been reported to reduce ven-
tricular arrhythmias given the fact that it reduces sympa-
thetic drive and heart rate through its vagomimetic effects 
[53–55]. However, our analysis showed that the rate of ven-
tricular arrhythmias was similar between these two agents. 
Among the benzodiazepines, propylene glycol accumulation 
is usually the culprit when a patient develops ventricular 

arrhythmias (when other causes have been ruled out); how-
ever, the reported incidence of ventricular arrhythmias was 
similar between midazolam and diazepam and both were 
twice that of lorazepam [56, 57].

With the exception of diazepam, an agent known to cause 
supraventricular arrhythmias [58, 59], the rate of supraven-
tricular arrhythmia was low and nearly identical between 
dexmedetomidine and propofol. This finding is consistent 
with literature reports that each of these agents may help 
convert patients out of a supraventricular arrhythmia [60, 
61]. The similar rate of bradyarrhythmias between the three 
sedative groups is not surprising given that each has a poten-
tial mechanism for slowing the heart rate. Benzodiazepines, 
when administered at high doses, have AV nodal blocking 

Table 2  Comparison of serious cardiac adverse event (SCAE) incidence based on total sedative days over the 8-year study period between seda-
tive groups

Frequency per 10,000,000 days of sedative exposure
ECG electrocardiogram

Benzodiazepines Dexmedeto-
midine

Propofol p value

All Diazepam Lorazepam Midazolam

1. Cardiac arrest 6.3 21.6 6.6 5.0 6.7 1.4 < 0.0001
2. Ventricular arrhythmia 2.2 2.4 1.3 2.4 1.2 1.4 0.17
3. Supraventricular arrhythmia 0.7 4.8 0.7 0.4 0.4 0.1 0.11
4. Bradyarrhythmia 1.0 0 2.0 0.7 0.8 0.6 0.61
5. Brugada ECG pattern 0 0 0 0 0 0.2 0.14
6. QTc-interval prolongation 0 0 0 0 0 0 > 0.99
7. Myocardial infarction 1.0 2.4 1.3 0.7 1.2 0.4 0.14
8. Stroke 0 0 0 0 0 0.2 0.14
9. Cardiac failure 0.5 0 0 0.7 1.6 0.4 0.005
10. Possible coronary ischemic event 1.1 0 2.0 0.9 1.2 0.3 0.06
Total SCAEs 12.7 31.2 13.8 11.0 13.1 7.4 0.0001

Table 3  Comparison of the 
number of million sedative days 
required for one serious cardiac 
adverse event (SCAE) to occur 
between sedative groups

Frequency per 1,000,000 days of sedative exposure. Data computed as 1/incidence of SCAEs (expressed 
per 1,000,000 sedative days of exposure)
ECG electrocardiogram

Benzodiazepines Dexme-
detomi-
dine

Propofol

All Diazepam Lorazepam Midazolam

1. Cardiac arrest 1.6 0.5 1.5 2.0 1.5 7.1
2. Ventricular arrhythmia 4.6 4.2 7.7 4.2 8.3 7.1
3. Supraventricular arrhythmia 14.3 2.1 14.3 25.0 25.0 100.0
4. Bradyarrhythmia 10.0 0 5.0 14.3 12.5 16.7
5. Brugada ECG pattern 0 0 0 0 0 50.0
6. QTc-interval prolongation 0 0 0 0 0 0
7. Myocardial infarction 10.0 4.2 7.7 14.3 8.3 25.0
8. Stroke 0 0 0 0 0 50.0
9. Cardiac failure 20.0 0 0 14.3 6.3 25.0
10. Possible coronary ischemic event 9.1 0 5.0 11.1 8.3 33.3
Total SCAEs 0.79 0.32 0.72 0.91 0.76 1.35
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effects through their effects on L-type  Ca2+ channels [62, 
63]. Dexmedetomidine induces bradycardia through both 
central α2-receptor activity and vagus enhancement [55, 61, 
64]. Propofol has been known to induce bradycardia [65, 66] 
and AV nodal blockade [67, 68] through dose-dependent 
conduction depression, most commonly at the sinoatrial 
node. The low number of bradyarrhythmias reported to the 
FAERS database is likely a result of the fact that clinicians 
are more likely to report adverse events to the FAERS data-
base than are unanticipated. It is not surprising that a Bru-
gada electrocardiographic pattern, a unique phenomenon 
involving coved-type ST elevation in the precordial chest 
leads V1–V3, was only reported with propofol. The Bru-
gada pattern has been linked to propofol-related infusion 
syndrome given that propofol may induce damage to already 
fragile cardiac sodium channels [69, 70].

4.1  Limitations

Our analysis, although following all of the methodologi-
cal steps used in other large-scale FAERS database studies 
[31, 34–37, 71–74], has important limitations. Although we 
only included cases where the intravenous sedative was the 
primary suspected drug, missing data in many case reports 
made causality challenging to establish. Data on cardiac 
history, underlying severity of illness, use of non-sedative 
medications with known cardiac effects, and the dose and 
duration of the intravenous sedative administered were 
not able to be considered given that these data are rarely 
included in FAERS reports. Clinician reporting rates to the 
FAERS database can be variable and are influenced by the 
time an agent has been on the market, by outside events (e.g., 
“dear doctor” letters), the frequency by which an adverse 
event is known, and how it may change patient outcome 
after its occurrence. In 2004, the first year of data collec-
tion, dexmedetomidine had been on the US market for only 
5 years, whereas propofol and midazolam had been on the 
US market for more than 20 years. A clinician might be 
more likely to submit a FAERS report for a patient who 
died from a cardiac arrest where dexmedetomidine was 
the primary suspected drug than for a patient who expe-
rienced reversible bradycardia with dexmedetomidine use. 
It is therefore likely that the incidence of SCAEs we report 
underestimates the true occurrence rate. Critically ill adults 
are often at increased risk for serious cardiac events such as 
ventricular tachyarrhythmias and cardiac arrest, regardless 
of intravenous sedative choice, and therefore FAERS case 
reporters may have erroneously assigned causality to the 
intravenous sedative administered. These challenges have 
been noted by the Advera Health Analytics team in previous 
publications and are inherent in working with the FAERS 
database [31, 34–37, 72, 73].

When estimating the incidence of the SCAE for each 
intravenous sedative, we were forced to make assumptions 
as neither the reason for intravenous sedative use nor the 
setting where it was administered was usually documented 
in the FAERS reports. Realizing that a substantial proportion 
of intravenous sedative use in the USA is administered in the 
outpatient setting where patients are generally healthy and 
low intravenous sedative doses are administered for short 
durations, we were forced to make the assumption that all 
intravenous sedative use was administered to critically ill 
patients where dosing is higher and duration of therapy is far 
longer. Given that the administered dose is not documented 
in the FAERS database, we also assumed each intravenous 
sedative was being administered at a standard continuous 
infusion when in fact infusion rates often change and intra-
venous bolus dosing is frequently used. All this said, the 
primary purpose of this analysis was to evaluate the rela-
tive incidence of SCAEs and the adjusted incidence rates 
presented do not change the crude data presented. New, 
previously unreported SCAEs may have been missed in our 
analysis given that we relied on only those SCAEs previ-
ously reported in package inserts. Although we relied on 
experienced cardiac electrophysiologists to guide the selec-
tion of SCAEs most important to patient outcome, there may 
be SCAEs not considered in our analysis that could be of 
importance to clinicians or patients. Last, the incidence of 
SCAEs may be different in other regions or countries where 
intravenous sedative practices and experiences are different 
and in the period since 2013 when practice guidelines have 
been published recommending the use of dexmedetomidine 
or propofol rather than a benzodiazepine in critically ill 
adults requiring continuous sedation [75, 76].

5  Conclusions

While sedatives are commonly administered, SCAEs associ-
ated with their use appear to be very rare. However, among 
FAERS case reports related to intravenous sedative use, 
the proportion that are SCAEs is substantial and when a 
SCAE occurs mortality is high. While the total number of 
SCAEs attributable to propofol is higher than that reported 
with either the benzodiazepines or dexmedetomidine, the 
actual incidence of SCAEs attributable to propofol is lower. 
Large-scale observational studies are required to identify 
true SCAE rates and the factors associated with their occur-
rence. The possibility for SCAEs should be considered dur-
ing all intravenous sedative prescribing decisions.
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