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Perioperative Doses of Ondansetron or
Dolasetron Do Not Lengthen the QT Interval
Detlef Obal, MD, MS, DESA; Dongsheng Yang, MS; and Daniel I. Sessler, MD

Abstract

Objective: To test the primary hypothesis that ondansetron or dolasetron extends the rate-corrected QT
electrocardiographic interval (QTc) greater than 60 milliseconds or increases the fraction of patients with
QTc greater than 500 milliseconds in patients having noncardiac surgery, and the secondary hypothesis
that QTc prolongation is worse in diabetic patients.
Patients and Methods: We extracted data from the Cleveland Clinic’s Perioperative Health Documen-
tation System between March 25, 2006, and September 30, 2010, and additional perioperative medica-
tions from Cleveland Clinic pharmacy’s Epic Cost of Goods Sold (COGS) system. We searched for patients
who had a preoperative electrocardiogram within 1 month of surgery and postoperatively within 2 hours.
We excluded patients given an antiemetic drug other than ondansetron or dolasetron perioperatively, and
those given amiodarone.
Results: A total of 1429 patients given serotonin-3 receptor (5HT3R) antagonists and 1022 controls met
the enrollment criteria. Seventeen percent of patients given 5HT3R antagonists (n¼242) and 22% of
controls (n¼220) had postoperative QTc exceeding 500 milliseconds. Mean � SD presurgical and
postsurgical QTc, respectively, were 438�37 milliseconds and 464�41 milliseconds for 5HT3R antag-
onist patients and 443�40 milliseconds and 469�47 milliseconds for control patients. Univariable mean
� SD perioperative increases in QTc were 26�39 and 26�48 milliseconds in the 2 groups. After adjusting
for confounding variables, there were no differences in the mean increase in QTc in patients who were and
were not given 5HT3R antagonists: e0.1 milliseconds (97.5% CI, e5.2 to 5.0 milliseconds; multivariable
P¼.97). The QTc was prolonged, but not significantly, in diabetic patients given 5HT3R antagonists
(P¼.16).
Conclusions: The average QTc prolongation from baseline was only 6%. Perioperative use of ondansetron
or dolasetron was not associated with extended QT prolongation, and these results did not vary by
diabetic status. Perioperative use of 5HT3R antagonists does not produce potentially dangerous periop-
erative electrocardiographic changes and does not seem to warrant a drug safety warning from the Food
and Drug Administration.
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A pproximately a third of all patients
given general anesthesia experience
postoperative nausea and vomiting

that can persist for several days1; in high-risk
patients, the incidence can approach 80%.2,3

Aside from postoperative pain, nausea or vom-
iting is the anesthetic complication that most
concerns patients; consequently, patients
report being willing to pay approximately $70
to prevent postoperative nausea and vomiting.4

Postoperative nausea and vomiting is also
expensive, largely because it delays hospital
discharge in ambulatory patients.3 Antiemetic
use thus remains common.5-7 The 3 major anti-
emetic drug classes are dopamine-2 receptor
antagonists such as droperidol, serotonin-3

receptor (5HT3R) antagonists such as ondanse-
tron and dolasetron, and corticosteroids such
as dexamethasone; each reduces the relative
risk of nausea and vomiting by approximately
25%.8

Many perioperative drugs prolong the rate-
corrected QT electrocardiographic interval
(QTc), including volatile anesthetics,9,10 muscle
relaxants,11 antiemetics,12-14 and some opi-
oids.15,16 Prolonged QTc is worrisome because
it can trigger lethal arrhythmias.17 Concerns
about prolonged QTc prompted the Food and
Drug Administration (FDA) to issue a black
box warning for droperidol in 200118 and a
drug safety communication about ondansetron
in 2011.19 The warning about droperidol,
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especially, has provoked considerable contro-
versy because it seems to have been based on iso-
lated case reports,mostly in patients givenmuch
higher doses than usually used in the periopera-
tive period.20-23 The FDA’s communication
about ondansetron similarly seems to have
been based on chemotherapy doses, which are
up to 8 times greater than those used periopera-
tively. Some researchers thus question whether
there is any causal relationship between periop-
erative droperidol administration and pro-
longed QTc.24

As a result of the FDA black box warning for
droperidol, other antiemetics have largely
replaced the drug,25 although there is no evi-
dence that they are less likely to prolong QTc,
much less that they are safer overall. In fact,
the incidence of perioperative QTc prolongation
seems to have increased in recent years,26-32

probably reflecting increased use of antiemetic
drugs, including 5HT3R antagonists, which
probably have a potential for increasing QTc
comparable with droperidol. We thus tested
the primary hypotheses that (1) QTc is pro-
longed more in patients given perioperative
ondansetron or dolasetron than in patients given
no antiemetic drug and (2) the fraction of post-
operative QTc exceeding 500 milliseconds is
greater in patients given perioperative ondanse-
tron or dolasetron than in those given no
antiemetic.

Approximately 36% of the US population is
now obese, and the fraction continues to in-
crease.33 Presumably as a consequence, the Cen-
ters for Disease Control and Prevention reports
that the incidence of type 2 diabetes mellitus
has doubled in the past decade. The Center esti-
mates that 11% or 26 million people in the
United States currently have diabetes mellitus,
with approximately 1.9 million new cases being
diagnosed each year.34 Furthermore, 79 million
adults in the United States are prediabetic. Up to
20% of noncardiac surgical patients have undi-
agnosed diabetes or are prediabetic.35,36 For
example, 2 recent large perioperative studies
report that the incidence of diabetes in noncar-
diac surgical patients ranged from 14%37 to
29%.38

Diabetes and hyperinsulinemia can prolong
QTc.39 We, therefore, tested the secondary hy-
potheses that (1) perioperative QTc increases
more in type 2 diabetic patients than in nondia-
betic patients; (2) type 2 diabetic patients are

more likely than nondiabetic patients to have a
new-onset QTc exceeding 500milliseconds after
surgery; and (3) there is an interaction between
5HT3R antagonist administration and type 2
diabetes with respect to perioperative QTc pro-
longation. We also determined the extent to
which age, history of cardiovascular disease,
sex, and body mass index (BMI) contribute to
prolonged QTc.

PATIENTS AND METHODS
With approval of the Cleveland Clinic Institu-
tional Review Board, we extracted data from
the Clinic’s Perioperative Health Documentation
System betweenMarch 25, 2006, and September
30, 2010, and additional perioperative medica-
tions from Cleveland Clinic pharmacy’s Epic
Cost of Goods Sold (COGS) system. Analysis
was restricted to adults who had noncardiac sur-
gery and who had an available preoperative 12-
lead electrocardiogram (ECG) within a month
before surgery and another within 2 hours after
the end of surgery. When more than 2 ECGs
were available, we used the one closest to the
administration of the study drugs. Generally
speaking, any formal ECG conducted at the
Cleveland Clinic would have been electronically
available, whereas tests performed elsewhere
were not. Patients who reported taking amiodar-
one or who received amiodarone in the perioper-
ative period were excluded from the analysis
because the drug can markedly increase QTc.40

The exposure group consisted of patients
given ondansetron or dolasetron, which were
the only 2 perioperative 5HT3R antagonists
available at the Cleveland Clinic during the
study period, between the beginning of surgery
and the postoperative ECG. Patients who were
not given 5HT3R antagonists constituted the
control group. Patients were excluded if they
received any of 5 antiemetic drugs (dexametha-
sone, diphenhydramine, droperidol, prometha-
zine, and scopolamine) between the start of
the case and the postoperative ECG. If patients
had more than 1 surgery, only the first was
considered.

Various ECG systems, each with proprietary
software, were used over the years. TheQT inter-
val was corrected for heart rate using the Frider-
icia formula.41 The QT interval was determined
electronically, but all the ECGs were reviewed
by attending cardiologists and corrected as
necessary. The first primary outcome was the
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change in QTc from baseline, and another pri-
mary outcome was whether the fraction of post-
operative QTc exceeds 500 milliseconds.

Statistical Methods
All the baseline and perioperative factors are
listed in Table 1. Because BMI had a small
amount of missing data (6.5%) with a pattern
of missing at random, we used a single impu-
tation with the regression method to replace
missing values. Balances on baseline and peri-
operative factors between the 5HT3R antago-
nist group and control patients were assessed
by the t test, Wilcoxon rank sum test, c2

test, or Fisher exact test, as appropriate.

Primary Analyses. We used multivariable
linear regression to assess the association be-
tween use of 5HT3R antagonists (ondansetron
or dolasetron) and changes in QTc from base-
line. If a significant interaction was observed be-
tween 5HT3R antagonist use and diabetic status
(P<.10), the association between 5HT3R antag-
onist administration and change in QTc from
baseline would be assessed in patients with dia-
betes (types 1 and 2, independent of insulin de-
pendency or oral antidiabetic drug treatment)
and nondiabetic patients. Otherwise, the main
effect model would be fitted. Similarly, we used
multivariable logistic regression to assess the
association between 5HT3R antagonist adminis-
tration and the fraction of postoperative QTc
exceeding 500 milliseconds as well as its interac-
tionwith diabetes status. A Bonferroni correction
was used to adjust for testing 2 outcomes, with a
significance criterion of 0.025 for each.

All potentially confounding variables listed
in Table 1 were forced to stay in the regression
models for those 2 analyses except for ketamine
(owing to very low frequencies). Furthermore,
we also adjusted for preoperative QTc interval
in the multivariable logistic regression model
when assessing the primary outcome of QTc
exceeding 500 milliseconds.

Secondary Analyses. We also assessed the
extent to which age, sex, BMI, and history of
cardiovascular disease are associated with pro-
longed QTc and QTc exceeding 500 millisec-
onds from the 2 previously mentioned
multivariable models. Bonferroni correction
was also used to adjust for testing multiple
predictors simultaneously based on the number

of predictors in the multivariable linear regres-
sion model (eg, a¼0.05/30 factors¼0.00167)
and in the multivariable logistic model (eg,
a¼0.05/31¼0.0016).

Sample Size. With a sample size of 1429 in
the 5HT3R group and 1022 in the control
group, we had considerable power to detect
even very small differences in the continuous
outcome of QT prolongation or the binary
outcome of QTc exceeding 500 milliseconds.
For example, we had 90% power at the 0.025
significance level to detect a mean difference
of 7 milliseconds or more between the 2 groups
on the change from baseline using an observed
maximum standard deviation of 48 millisec-
onds from the control group of this study.
Meanwhile, we had 90% power at the 0.025
significance level to detect a difference
(5HT3R vs control) as small as 6.3% on the bi-
nary outcome using the an observed incidence
of 22% in the control group from this study.

Analysis was conducted using SAS soft-
ware, version 9.3 (SAS Institute, Inc). The
main results are presented as mean � SD or
number (percentage).

RESULTS
Of the 3041 patients who met the primary in-
clusion criteria, 506 were excluded because
they were given any of 6 drugs (dexametha-
sone, diphenhydramine, droperidol, prome-
thazine, scopolamine, or amiodarone), and 84
were excluded owing to incomplete baseline in-
formation except BMI. Of the 2451 patients
who were included in the study, 1429 were
given 5HT3R antagonists and 1022 were not.
Of the 1429 patients who were given 5HT3R
antagonists, 1039 (73%) were given ondanse-
tron only, 386 (27%) were given dolasetron
only, and 4 (0.3%) were given both. The
Supplemental Table (available online at http://
www.mayoclinicproceedings.org) details the
studied medications with QTc-prolonging
properties.

Baseline and Perioperative Factors
There were 434 diabetic patients (30%) in the
5HT3R antagonist group and 316 (31%) in
the control group. Of those diabetic patients,
390 (90%) in the 5HT3R antagonist group
and 274 (87%) in the control group had
type 2 diabetes.

QTC AND PERIOPERATIVE USE OF ONDANSETRON
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TABLE 1. Baseline Characteristics and Perioperative Factors of the Serotonin-3 Receptor (5HT3R) Antagonist
(Dolasetron/Ondansetron) and Control Groupsa,b,c

Factor
5HT3R antagonist
group (n¼1429)

Control group
(n¼1022) P valued

Demographic features
Female sex (No. [%]) 580 (41) 377 (37) .06
Age (y), mean � SD 68�12 68�13 .11
BMI, mean � SD 29�7e 28�7f .23
Emergency (No. [%]) 104 (7) 275 (27) <.001
ASA status (No. [%]) <.001
1 4 (<1) 6 (<1)
2 200 (14) 69 (7)
3 949 (66) 510 (50)
4 276 (19) 412 (40)
5 0 25 (2)

Preoperative laboratory values, mean � SD
Glucose (mg/dL) 117�50 123�59 .003
Potassium (mmol/L) 4.3�0.5 4.3�0.6 .16

30-d preoperative medicine (No. [%])
Antiemetic drugs 1231 (86) 503 (49) <.001
Drugs with QT-prolonging properties 1359 (95) 942 (92) .003
Glycopyrrolate 24 (2) 20 (2) .61
Ketamineg 2 (<1) 5 (<1) .14
Neostigmine 18 (1) 13 (1) .98

Medical history (No. [%])
Alcohol abuse 17 (1) 61 (6) <.001
Arrhythmias 169 (12) 109 (11) .37
Cancer 581 (41) 296 (29) <.001
Chronic renal failure 183 (13) 200 (20) <.001
Congestive heart failure 225 (16) 204 (20) .007
Coronary artery disease 597 (42) 441 (43) .50
Diabetic status .77
Nondiabetic 995 (70) 706 (69)
Diabetic 434 (30) 316 (31)

Type 1 44 (3) 42 (4)
Type 2 390 (27) 274 (27)

Hyperlipidemia 716 (50) 499 (49) .53
Hypertension 1062 (74) 761 (74) .94
Pulmonary disease 258 (18) 253 (25) <.001

Surgical procedures (No. [%]) <.001
General surgery 515 (36) 395 (39)
Vascular 133 (9) 96 (9)
Thoracic 34 (2) 16 (2)
Orthopedic 104 (7) 53 (5)
Neurosurgery 202 (14) 255 (25)
Urology 112 (8) 52 (5)
Otolaryngology 66 (5) 30 (3)
Plastic surgery 168 (12) 65 (6)
Ophthalmology 22 (2) 15 (1)
Oral surgery 3 (<1) 0
Gynecology 70 (5) 45 (4)

Received drugs during intraoperative to postoperative first ECG time
Drugs with QT-prolonging properties (No.), mean � SD 2.4�1.2 2.1�1.2 <.001
No. of drugs with QT-prolonging properties (No. [%])
0 10 (1) 38 (4)
1 350 (24) 325 (32)

Continued on next page
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Ondansetron or dolasetron was given less
often between 6 PM and 6 AM than during
normal working hours; these drugs were
more often used for routine vs emergency sur-
gery. Although 85% of the patients had an
American Society of Anesthesiologists (ASA)
status of at least 3, more patients in the control
group were either classified as ASA 4 or 5 or
were emergency cases.

Patients in the 5HT3R antagonist group
were more likely to have lower preoperative
glucose levels and less alcohol abuse, chronic
renal failure, congestive heart failure, and pul-
monary disease but were more likely to have
cancer and to receive preoperative antiemetic
drugs or QTc-prolonging drugs (all P<.05).

Patients who had a plastic surgery proce-
dure received more ondansetron and dolase-
tron, whereas their use was less likely in
patients undergoing neurosurgery (14% vs

25% of controls). For all other types of sur-
gery, there was no significant difference in
the use of 5HT3R antagonists.

During intraoperative to first postoperative
ECG time, patients in the 5HT3R antagonist
group were likely to have more QTc-
prolonging drugs, glycopyrrolate, or neostig-
mine and to have shorter operations and fewer
postanesthesia care unit admissions between
midnight and 6 AM (all P<.001 in Table 1).

Mean � SD surgical procedure time was
slightly longer in the control group (315�180
vs 291�133 minutes; P<.001) (Table 1); how-
ever, minimum alveolar concentrationehours
did not differ between groups.

Six of 2451 enrolled patients (0.2%) died
within 24 hours of surgery. Individual medical
record review revealed that 2 of these patients
experienced perioperative myocardial infarc-
tion, 2 were septic, and the cause of death

TABLE 1. Continued

Factor
5HT3R antagonist
group (n¼1429)

Control group
(n¼1022) P valued

Received drugs during intraoperative to postoperative first ECG time, continued
2 443 (31) 331 (32)
3 361 (25) 195 (19)
4 195 (14) 108 (11)
5 56 (4) 17 (2)
6 11 (1) 8 (1)
7 3 (<1) 0

Glycopyrrolate (No. [%]) 1207 (84) 290 (28) <.001
Ketaminec (No. [%]) 3 (<1) 4 (<1) .46
Neostigmine (No. [%]) 1172 (82) 229 (22) <.001
MAC-hours, mean � SD 2.3�1.8 2.3�2.3 .64

Operation factors
Duration of surgery (min), mean � SD 291�133 315�180 <.001
Time between preoperative and postoperative ECGs (d), mean � SD 6.6�6.8 4.9�5.9 .27
Time of PACU admission (No. [%]) <.001
Midnight to 6 AM 24 (2) 71 (7)
6 AM to noon 377 (26) 226 (22)
Noon to 6 PM 798 (56) 518 (51)
6 PM to midnight 230 (16) 207 (20)

aASA ¼ American Society of Anesthesiologists; BMI ¼ body mass index (calculated as weight in kilograms divided by height in meters
squared); ECG ¼ electrocardiogram; MAC-hours ¼ minimum alveolar concentrationehours of desflurane, or sevoflurane, or isoflurane;
PACU ¼ postoperative anesthesia care unit.
bSI conversion factor: To convert glucose values to mmol/L, multiply by 0.0555.
cPatients were excluded if they received any of the 5 antiemetic drugs (dexamethasone, diphenhydramine, droperidol, promethazine, and
scopolamine) or were given amiodarone during intraoperative to first postoperative ECG time; the 5HT3R antagonist group was
defined as patients who received dolasetron or ondansetron, and patients who were not given dolasetron or ondansetron constituted
the control group; drugs with QT-prolonging properties are listed in the Supplemental Table (available online at http://www.
mayoclinicproceedings.org).
dFrom the t test, Wilcoxon rank sum test, c2 test, or Fisher exact test, as appropriate.
eThere were 74 missing BMI values in the 5HT3R antagonist group.
fThere were 91 missing BMI values in the control group.
gOwing to small frequencies, we excluded ketamine from the multivariable models.
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could not be determined for the remaining 2
patients.

Association Between the 5HT3R Antagonist
Group and QTc Prolongation
Either dolasetron (mean � SD, 17�6 mg) or
ondansetron (mean � SD, 4�1 mg) was given
a mean � SD of 63�34 minutes before the end
of the surgical procedures. Mean � SD presur-
gery QTc values were not different between pa-
tients receiving 5HT3R antagonist and controls
(438�37 vs 443�40 milliseconds) (Table 2),
and the mean � SD changes from baseline in
QTc were thus 26�39 milliseconds for the
5HT3R antagonist group and 26�48 millisec-
onds for the control group (Figure). After
adjusting for confounding variables, there was
no difference in mean change from baseline in
QTc between 5HT3R antagonist and control
patients, with an adjusted mean difference of
e0.1 milliseconds (97.5% CI, e5.2 to 5.0 mil-
liseconds; multivariable P¼.97). Diabetes did
not affect 5HT3R antagonisteinduced changes
in QTc (interaction P¼.38).

The postoperative QTc of an estimated 20%
of all patients exceeded the threshold of 500mil-
liseconds. Overall, there was no significant dif-
ference in the percentage of postoperative QTc
exceeding 500 milliseconds between 5HT3R
antagonist patients (17%) and control patients
(22%), with a covariable-adjusted odds ratio of
1.1 (97.5% CI, 0.73 to 1.52; P¼.75). We found
that the effect of 5HT3R antagonists onQTc var-
ied by diabetic status at the prespecified inter-
action significance criterion of 0.1 (5HT3R

antagonistediabetes interaction P¼.096), but
there was no significant 5HT3R antagonist effect
for either diabetic patients (P¼.16) or nondia-
betic patients (P¼.6), with a multivariable-
adjusted odds ratio of 1.39 (97.5% CI, 0.82 to
2.33) for diabetic patients and 0.91 (0.60 to
1.38) for nondiabetic patients.

QTc Prolongation and Co-medications
Eighty percent of patients given glycopyrrolate
or neostigmine were also given ondansetron or
dolasetron, whereas only a quarter of control
patients were given glycopyrrolate (28%) or
neostigmine (22%). Furthermore, patients who
were given 5HT3R antagonist also received 3
or more QTc-prolonging drugs (44% vs 33%)
(Table 1), although the average across the entire
population was only 2 potential QTc-prolonging
drugs. However, the number of drugs predicted
neither QTc prolongation (P¼.53) (Table 3) nor
the fraction of QTc exceeding 500 milliseconds
(P¼.69) (Table 4).

Associations Between Baseline Factors and
QTc Prolongation
Although BMI did not affect postoperative
QTc duration, a secondary analysis revealed
that a lower BMI (calculated as weight in kilo-
grams divided by height in meters squared)
was associated with a greater change in QTc
from baseline (P<.001, Table 3). With each
1-U decrease in BMI, the mean increase in
QTc from baseline was 0.49 milliseconds.
However, lower BMI was not quite signifi-
cantly associated with a higher fraction of the

TABLE 2. Multivariable Analyses of Primary Outcomes in the Serotonin-3 Receptor (5HT3R) Antagonist (Dolasetron/Ondansetron) and
Control Groupsa

Primary outcome
5HT3R antagonist
group (n¼1429)

Control group
(n¼1022)

Adjusted Mean Difference
or OR (97.5% CI) P valueb

Change in QTc from preoperative (ms), mean � SDc 26�39 26�48 e0.1 (e5.2 to 5.0)d .97
Preoperative QTc 438�37 443�40
Postoperative QTc 464�41 469�47

Postoperative QTc >500 ms (No./total No. [%])e 242/1429 (17) 220/1022 (22) 1.1 (0.73 to 1.52)f .75
Diabetic patients 97/434 (22) 76/316 (24) 1.39 (0.82 to 2.33)f .16
Nondiabetic patients 145/995 (15) 144/706 (20) 0.91 (0.60 to 1.38)f .60

aOR ¼ odds ratio; QTc ¼ rate-corrected QT electrocardiographic interval.
bSignificant if P<.025 using Bonferroni correction (ie, 0.05/2) for testing 2 outcomes.
cMultivariable linear regression model adjusting for 29 factors (except ketamine) in Table 1. The interaction P (5HT3R � diabetic status) ¼ 0.38.
dAdjusted mean difference.
eMultivariable logistic regression model adjusting for 29 factors (except ketamine) in Table 1 and preoperative QTc. The interaction P (5HT3R � diabetic status) ¼ 0.096.
fAdjusted OR.
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postoperative QTc exceeding 500 milliseconds
(P<.002) after Bonferroni correction. Age, sex,
congestive heart failure, coronary artery dis-
ease, and hyperlipidemia were not associated
with changes in QTc from baseline (all
P>.05). Neither were any of these factors asso-
ciated with the fraction of patients with QTc
greater than 500 milliseconds (all P>.05).

DISCUSSION
A large fraction of surgical patients are suscep-
tible to cardiac repolarization deficits because
of underlying conditions, such as diabetes.
Nonetheless, typical perioperative doses of
ondansetron or dolasetron did not worsen
postoperative QTc prolongation in this noncar-
diac surgical population: postoperative QTc
increased by a mean � SD of only 26�39 mil-
liseconds in patients given 5HT3R antagonists
and 26�48 milliseconds in control patients,
which is consistent with the results of the study
by Nagele et al.42 There was also no difference
in the fraction of patients with QTc exceeding
500 milliseconds. The results of the present
studydby far the largest to datedstrongly sug-
gest that typical perioperative doses of 5HT3R
antagonists do not produce clinically important
prolongation of QT intervals. A corollary is that
special electrocardiographic monitoring is not
required in patients given 5HT3R antagonists
for the prevention of postoperative nausea
and vomiting.

Prolongation of QTc was related to MAC-
hours of anesthesia, which is consistent with
preclinical studies.43 The QTc was measured
a mean � SD of 115�44 minutes after the
administration of 5HT3R antagonists, which
is within the 2-hour time frame for maximum
QTc prolongation induced by either ondanse-
tron or dolasetron.14,44

Beside the fact that two thirds of the present
patients were given 5HT3R antagonists, these
patients were also exposed to a variety of addi-
tional drugs that potentially prolong QTc,
including volatile anesthetics, muscle relaxants,
opioids,9,11 and antiemetics.12-16 Remarkably,
16% of all patients were given 4 or more
QTc-prolonging drugs. The time point of
administration of potential QTc-prolonging
drugs varied among patients, which made it
impossible to determine drug-drug interactions
based on the retrospective study design. Never-
theless, in contrast to recent speculation42 and

data from intensive care units,45 the number of
QTc-prolonging drugs was unrelated to either
prolongation or the fraction of patients with
QTc exceeding 500 milliseconds.

Drug-induced long QTc may result from
reduction of a variety of voltage-gated potassium
currents that contribute to ventricular repolari-
zation. And in vitro studies found additive ef-
fects on QTc prolongation by ondansetron and
droperidol in isolated Purkinje fibers46 and a
high, submicromolar affinity of ondansetron
to the HERG potassium channel.47 However,
most drugs prolong QTc by blocking the
same ion channel (ie, IKr).

48-50 Adding more
QTc-prolonging drugs might not further exag-
gerate QTc.

Nagele and colleagues,42 in a subanalysis
of the vitamins in nitrous oxide (VINO) trial,
reported that only 4% of their patients,
selected for coronary artery disease, had QTc
exceeding 500 milliseconds. In contrast, we
found that 17% of patients given 5HT3R
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FIGURE. Violin plot comparing the serotonin-3 receptor (5HT3R) antag-
onist and control groups on change from baseline in rate-corrected QT
electrocardiographic interval (QTc). The curve shows the estimated density
trace (or smoothed distribution). The box shows the interquartile range;
circle point, median; and whiskers, high and low values within 1.5 inter-
quartile range of the box. No difference in the outcome between the 2
groups was found (P¼.97).
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TABLE 3. Multivariable Association Between Change in QTc From Baseline and Risk Factorsa,b

Factor Beta (SE)c P valuec

5HT3R antagonist (dolasetron/ondansetron) e0.1 (2.29) .97
Demographic features

Sex (female vs male) 0.60 (1.81) .74
Age (unit ¼ 1 y) 0.05 (0.08) .53
BMI (unit ¼ 1) e0.49 (0.13) <.001d

Emergency (yes vs no) e3.65 (2.79) .19
ASA status (unit ¼ 1) e0.07 (1.55) .96

Preoperative laboratory values

Glucose (unit ¼ 1 mg/dL) 0.01 (0.02) .51

Potassium (unit ¼ 1 mmol/L) 6.32 (1.65) <.001d

30-d preoperative medicine

Antiemetic drugs e1.69 (2.17) .44
Drugs with QT-prolonging properties e0.03 (3.76) .99
Glycopyrrolate 3.97 (10.20) .70
Neostigmine e24.3 (12.14) .05

Medical history

Alcohol abuse e4.69 (4.96) .34

Arrhythmias e6.25 (2.76) .02

Cancer e0.49 (1.86) .79

Chronic renal failure e3.13 (2.48) .21

Congestive heart failure e2.37 (2.48) .34

Coronary artery disease e0.89 (2.05) .67

Diabetes 3.21 (2.09) .12

Hyperlipidemia 1.26 (1.90) .51

Hypertension 3.92 (2.14) .07

Pulmonary disease 1.54 (2.15) .47
Surgical procedure .005

General surgery 8.85 (4.16) .03
Vascular 5.71 (4.82) .24
Orthopedics 1.79 (5.15) .73
Neurosurgery 13.48 (4.45) .003
Urology 3.56 (5.11) .49
Otolaryngology 5.94 (5.79) .31
Plastic surgery 14.28 (4.84) .003
Thoracic, ophthalmology, or oral surgery 7.64 (5.91) .20
Gynecology 1 [Reference]

Received drugs perioperatively

No. of drugs with QT-prolonging properties (unit ¼ 1) 0.47 (0.75) .53

Glycopyrrolate 6.32 (4.47) .16

Neostigmine e4.68 (4.52) .30

MAC-hours (unit ¼ 1) 3.34 (0.74) <.001d

Operation factors

Duration of surgery (unit ¼ 30 min) 0.009 (0.3) .98
Time between preoperative and postoperative ECGs (unit ¼ 10 d) 0.024 (0.14) .86

Time of PACU admission .01

Midnight to 6 AM 0.73 (4.87) .88

6 AM to noon e8.46 (2.80) .003

Noon to 6 PM e2.57 (2.38) .28

6 PM to midnight 1 [Reference]

aASA¼ American Society of Anesthesiologists; BMI¼ bodymass index (calculated as weight in kilograms divided by height in meters squared); ECG¼ electrocardiogram; 5HT3R¼
serotonin-3 receptor;MAC¼minimumalveolar concentrationehoursof deslurane, or sevoflurane, or isoflurane; PACU¼ postoperative anesthesia care unit;QTC¼ rate-corrected
QT electrocardiographic interval.
bSI conversion factor: To convert glucose values to mmol/L, multiply by 0.0555.
cMultivariable linear regression model; P5HT3R�Diabetics¼.38; The beta coefficient of a categorical predictor is interpreted as the mean difference in the change in QTc between a
group and the reference group, or howmany expected increase or decrease in the change inQTcwith each unit increase of a continuous predictor. For example, themean change
in QTc from baseline in the exposure group was 0.09 milliseconds higher than that in the control group, and we expected a 0.05-milliseconds increase in the change in QTc with
each 1-year increase in age.
dSignificant with the criterion of P<.00167 using Bonferroni correction (ie, 0.05/30¼0.00167) for testing 30 predictors simultaneously.
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TABLE 4. Multivariable Association Between Postoperative QTc Intervals Exceeding 500 Milliseconds (Yes or No) and Risk Factorsa,b

Factor Adjusted Odds Ratio (99.84% CI)c P valuec

5HT3R � diabetics .096
Diabetic vs nondiabetic patients in the exposure group 1.36 (0.77-2.43) .09
Diabetic vs nondiabetic patients in the control group 0.89 (0.47-1.69) .57

Demographic features
Sex (female vs male) 1.32 (0.88-2.0) .03
Age (unit ¼ 1 y) 1.00 (0.98-1.02) .95
BMI (unit ¼ 1) 0.97 (0.94-1.01) .002
Emergency (yes vs no) 0.90 (0.50-1.63) .58
ASA status (unit ¼ 1) 1.29 (0.90-1.87) .03

Preoperative QTc (unit ¼ 10 ms) 1.34 (1.27-1.43) <.001d

Preoperative laboratory values
Glucose (unit ¼ 1 mg/dL) 1.00 (0.99-1.01) .17
Potassium (unit ¼ 1 mmol/L) 1.02 (0.70-1.47) .89

30-d preoperative medicine
Antiemetic drugs (yes vs no) 0.96 (0.59-1.54) .76
Drugs with QT-prolonging properties (yes vs no) 1.62 (0.59-4.47) .13
Glycopyrrolate (yes vs no) 1.47 (0.24-9.12) .51
Neostigmine (yes vs no) 0.31 (0.03-3.83) .14

Medical history
Alcohol abuse (yes vs no) 1.54 (0.59-4.04) .15
Arrhythmias (yes vs no) 1.21 (0.68-2.16) .29
Cancer (yes vs no) 0.82 (0.53-1.27) .15
Chronic renal failure (yes vs no) 1.31 (0.79-2.17) .09
Congestive heart failure (yes vs no) 1.16 (0.69-1.94) .36
Coronary artery disease (yes vs no) 1.07 (0.68-1.68) .65
Hyperlipidemia (yes vs no) 1.01 (0.66-1.55) .92
Hypertension (yes vs no) 1.62 (0.96-2.76) .004
Pulmonary (yes vs no) 1.00 (0.62-1.59) .98

Surgical procedure .16
General surgery 1.56 (0.56-4.29) .17
Vascular 1.13 (0.36-3.59) .74
Orthopedics 1.45 (0.42-5.00) .34
Neurosurgery 1.91 (0.66-5.55) .05
Urology 1.05 (0.30-3.65) .89
Otolaryngology 1.17 (0.28-4.86) .74
Plastic surgery 1.98 (0.64-6.13) .06
Thoracic, ophthalmology, or oral surgery 1.19 (0.27-5.15) .71
Gynecology 1 [Reference]

Received drugs perioperatively
No. of distinct drugs with QT-prolonging properties (unit ¼ 1) 0.98 (0.83-1.16) .69
Glycopyrrolate (yes vs no) 1.78 (0.70-4.49) .05
Neostigmine (yes vs no) 0.65 (0.25-1.65) .14
MAC-hours (unit ¼ 1) 1.14 (0.98-1.03) .007

Operation factors
Duration of surgery (unit ¼ 30 min) 1.03 (0.96-1.10) .18
Time between preoperative and postoperative ECGs (unit ¼ 10 d) 1.00 (0.97-1.03) .99

Time of PACU admission .06
Midnight to 6 AM 1.14 (0.42-3.09) .68
6 AM to noon 0.61 (0.32-1.16) .02
Noon to 6 PM 0.88 (0.53-1.46) .44
6 PM to midnight 1 [Reference]

aASA ¼ American Society of Anesthesiologists; BMI ¼ body mass index (calculated as weight in kilograms divided by height in meters squared); ECG ¼ electrocardiogram;
MAC ¼ minimum alveolar concentration-hours of desflurane, or sevoflurane, or isoflurane; PACU ¼ postoperative anesthesia care unit.
bSI conversion factor: To convert glucose values to mmol/L, multiply by 0.0555.
cMultivariable logistic regression model.
dSignificant at the criterion of P<.0016 using Bonferroni correction (ie, 0.05/31¼0.0016) for testing 31 predictors simultaneously.
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antagonists and 22% of control patients had
QTc exceeding 500 milliseconds (Table 2).
One explanation may be that 19% of patients
had neurosurgical procedures, which increases
the risk of perioperative QTc prolongation.51

About a fifth of the present patients had a
diagnosis of diabetes. Diabetic cardiomyopathy
is characterized by electrical remodeling, meta-
bolic remodeling with malignant biochemical
processes, and anatomical remodeling with pro-
gressive loss of cardiomyocytes, which results in
impaired cardiac contractility and increased risk
of lethal arrhythmias.52 Abnormal prolongation
of the QT interval is the most prominent feature
of electrical remodeled diabetic hearts (preva-
lence up to 25%53,54), increasing the risk of le-
thal ventricular arrhythmias (ie, torsades de
pointes arrhythmias).54,55

Even acute changes in blood glucose concen-
trations impair cardiac repolarization in healthy
volunteers56-58 and in critically ill patients.59 Hy-
perglycemia and hypoglycemia can prolong
the QTc,60,61 and the amount of prolongation
identifies patients at high risk for cardiovascular
death.62 In the present patient population, QTc
increased more in diabetic patients than in
nondiabetic patients; however, the difference
was not statistically significant despite the large
number of patients we considered. During clin-
ical practice, blood glucose levels were held
within the reference range, which suggests that
diabetic status is a less important determinant
of QTc prolongation than other perioperative
factors.

Approximately 30% of the present patients
had a BMI exceeding 30. Although BMI was not
correlated with QTc duration as reported in
previous studies,63 our secondary analysis of
patients with a high BMI revealed less QTc pro-
longation but was not associated with the likeli-
hood of exceeding the critical threshold of 500
milliseconds. The 5HT3R antagonists, thus,
seem to be safe in obese patients.

Any retrospective analysis potentially in-
cludes selection bias and confounding factors.
Furthermore, the decision to administer pro-
phylactic medications is largely determined
by patient factors that predict postoperative
nausea and vomiting64 and the type of surgery.
It thus seems unlikely that ondansetron or
dolasetron administration was substantially
influenced by the risk of QTc prolongation.
Nonetheless, no retrospective analysis, including

the present one, has the protections of random-
ization and blinding that can be incorporated
into a randomized trial.

In our routine practice, ondansetron and
dolasetron are usually given at the end of anes-
thesia. We included postoperative ECGs up to
2 hours after anesthesia. Mean � SD elapsed
time between 5HT3R administration and the
postoperative ECG was, thus, 115�44 minutes.
It is possible that some effect of these 5HT3R
antagonists may have dissipated between
administration and ECG evaluation. Consistent
with this concern, Charbit et al14 report that
the maximum increase in QTc prolongation
(ie, 20milliseconds) was within 15minutes after
5HT3R antagonist administration. However,
QTc remained prolonged, even 3 hours after
the administration of ondansetron. Further-
more, Hafermann et al65 report that QTc re-
mains prolonged 2 hours after ondansetron
administration. It thus seems unlikely that this
analysis completely missed clinically important
QTc prolongation.

This analysis was restricted to patients who
had an ECG at Cleveland Clinic within a month
before surgery and another within 2 postoper-
ative hours. Patients who undergo ECGs, espe-
cially postoperative ECGs, differ from those
who do not. Eighty-five percent of the present
patients were classified as ASA 3 or higher; pre-
sumably, patients included in the present anal-
ysis had higher-than-average cardiovascular
risk. Because 5HT3R antagonists did not pro-
long QTc even in the worse-case scenario, it
seems unlikely that QTc would be prolonged
in ambulatory patients.

CONCLUSION
In summary, QTc, prolongation of QTc, and
the fraction of patients with QTc that exceeded
500 milliseconds did not differ significantly in
noncardiac surgical patients who were or were
not given dolasetron (mean � SD, 17�6 mg)
or ondansetron (mean � SD, 4�1 mg). The
average QTc prolongation from baseline was
6%. The QTc increased only slightly more
(and nonsignificantly) in diabetic patients
and increased less in obese patients. There
was also no relationship between the number
of drugs that potentially prolong QT intervals
and observed intervals. In perioperative com-
mon low doses, 5HT3R antagonists do not
produce potentially dangerous perioperative
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ECG changes and do not seem to warrant a
drug safety warning from the FDA.
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