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Intravenous palonosetron increases the incidence of QTc
prolongation during sevoflurane general anesthesia for
laparotomy

Jeong Jin Min, Yongjae Yoo, Tae Kyong Kim, and Jung-Man Lee

Department of Anesthesiology and Pain Medicine, Seoul National University Hospital, Seoul National University College of
Medicine, Seoul, Korea

Background: Palonosetron is a recently introduced 5-hydroxytryptamine-3 (5-HT,) receptor antagonist useful for
postoperative nausea and vomiting prophylaxis. However, 5-HT; receptor antagonists increase the corrected QT (QTc)
interval in patients who undergo general anesthesia. This retrospective study was performed to evaluate whether palono-
setron would induce a QTc prolongation in patients undergoing general anesthesia with sevoflurane.

Methods: We reviewed a database of 81 patients who underwent general anesthesia with sevoflurane. We divided the
records into palonosetron (n = 41) and control (n = 40) groups according to the use of intraoperative palonosetron, and
analyzed the electrocardiographic data before anesthesia and 30, 60, 90, and 120 min after skin incision. Changes in the
QTc interval from baseline, mean blood pressure, heart rate, body temperature, and sevoflurane concentrations at each
time point were compared between the two groups.

Results: The QTc intervals at skin incision, and 30, 60, 90, and 120 min after the skin incision during general anesthesia
were significantly longer than those at baseline in the two groups (P < 0.001). The changes in the QTc intervals were not
different between the two groups (P = 0.41). However, six patients in the palonosetron group showed a QTc interval
> 500 ms 30 min after skin incision, whereas no patient did in the control group (P = 0.01). No significant differences
were observed between the two groups in mean blood pressure, body temperature, heart rate, or sevoflurane concentra-
tions.

Conclusions: Palonosetron may induce QTc prolongation during the early general anesthesia period with sevoflurane.
(Korean ] Anesthesiol 2013; 65: 397-402)
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Effect of palonosetron on QT interval

Introduction

Palonosetron is a 5-hydroxytryptamine-3 (5-HT},) receptor
antagonist with a powerful antiemetic effect useful for postoper-
ative nausea and vomiting (PONV) prophylaxis. This agent has
great potency and a longer duration of action than other 5-HT,
receptor antagonists including ondansetron, granisetron, tropi-
setron, and dolasetron [1,2]. PONV is the most common side
effect after general anesthesia, occurring in 30-70% of patients
according to PONV risk factors [3]. Perioperative use of a 5-HT,
receptor antagonist is highly encouraged to prevent PONV in
high-risk patients [4]. Several clinical studies have shown that
palonosetron significantly reduces the incidence of PONV [5-8].
However, the safety of palonosetron during the perioperative
period has not been established.

5-HT; receptor antagonists including ondansetron increase
the corrected QT (QTc) interval in patients who undergo general
anesthesia [9]. Adverse cardiovascular events such as ventricular
arrhythmia, myocardial ischemia, and cardiac arrest are also re-
ported after administration of ondansetron [10,11]. Because of a
similar pharmacologic mechanism, palonosetron may prolong
the QTc interval and increase the risk for critical arrhythmias
during general anesthesia. However, perioperative data on the
cardiac safety of palonosetron are lacking. Although previous
randomized studies reported that palonosetron did not increase
the QTc interval in patients undergoing surgery, the primary
outcomes of those studies were limited to PONV, and the anes-
thetic agents that potentially influenced QTc were not identified
[7,8]. Because sevoflurane has been associated with QTc prolon-
gation [12], the cardiac effect of palonosetron during sevoflu-
rane anesthesia needs to be evaluated.

We hypothesized that palonosetron would increase the inci-
dence of QTc prolongation in patients under general anesthesia
with sevoflurane. This retrospective study was performed to
evaluate whether palonosetron can be used safely during general
anesthesia with sevoflurane.

Materials and Methods

This retrospective study was performed after approval by the
Institutional Review Board of our hospital. The computerized
hospital database was reviewed to identify subjects and collect
data. We reviewed patients aged 20-90 years who underwent
elective laparotomy under general anesthesia with sevoflurane
between January and February 2012. We assessed whether
palonosetron was administered intravenously during the peri-
operative period in each patient. Patients who received palo-
nosetron immediately before induction of general anesthesia
were enrolled in the palonosetron group. Patients who did not
receive any kind of 5-HT), receptor antagonist intraoperatively
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were enrolled in the control group. Patients with ischemic heart
disease, previous myocardial infarction, congestive heart failure,
congenital long QT syndrome, preoperative QTc prolongation
> 500 ms, or significant arrhythmias including atrial fibrillation,
bundle branch block, or atrioventricular block were excluded,
because these are known risk factors for QTc prolongation and
torsade de pointes [13]. Patients with an anesthetic duration < 2 h
were also excluded.

Routine monitoring of blood pressure, three-lead electro-
cardiography, oxygen saturation, and body temperature were
applied in all patients. Anesthesia was induced with 1.5-2.0
mg/kg propofol, and tracheal intubation was performed after
administration of 0.6-0.8 mg/kg rocuronium. Anesthesia was
maintained using 1-4 vol% sevoflurane in O, and air.

Demographic and preoperative data were collected, including
age, gender, body weight, height, medical history, preoperative
potassium and calcium levels, and electrocardiogram (ECG). All
preoperative medications such as antiarrhythmics, antibiotics,
and antipsychotics were identified to determine whether they
prolonged QTc [14-16]. The lead II ECG data recorded during
the operation were retrieved from the server storage system, and
ECG data before anesthetic induction, at skin incision, and 30,
60, 90, and 120 min after the incision were obtained. The QT
and RR intervals on the ECG trace were measured manually by
averaging five successive cardiac beats with a ruler by an anes-
thesiologist blinded to the patient groups as described previ-
ously [9]. The QT interval was defined as the onset of the QRS
complex to the end of the T wave, which is the cross point be-
tween the descending slope of the T wave and the T-P isoelectric
line. To preclude interference of heart rate on the QT interval,
the QTc interval was calculated using Fridericia’s formula: QTc =
QT/RR" [17]. Patients with QTc intervals > 500 ms were identi-
fied at 30, 60, 90, and 120 min after skin incision [13]. Changes
in the QTc interval from baseline were calculated. Mean arterial
pressure, heart rate, body temperature, and expiratory sevoflu-
rane concentrations were also collected at 30, 60, 90, and 120
min after skin incision. Medications administered during gen-
eral anesthesia such as ephedrine and fentanyl were recorded.
The occurrence of arrhythmias during the perioperative period
was evaluated.

The statistical analysis was performed using SPSS ver. 18.0
(SPSS Inc., Chicago, IL, USA). Student’s ¢-test was used to com-
pare continuous variables between the two groups. The chi-
square test or Fisher’s exact test was used to compare categorical
variables. Changes in the QTc intervals measured on the ECG
at several time points were analyzed using repeated-measures
analysis of variance. Data are expressed as mean + standard de-
viation or number of patients (%). P values < 0.05 were consid-
ered significant.
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Results

We reviewed the electronic medical records of 201 patients
who underwent elective laparotomy under general anesthesia
with sevoflurane between January and February 2012. Of the
201 patients, 120 were excluded because they did not meet the
inclusion criteria. Ultimately, 81 patients were enrolled and ana-

Table 1. Demographic and Preoperative Data

Palonosetron Control P value
(n =40) (n=41)
Age (yr) 53.1+154 51.3+14.0 0.58
Male 20 (50.0) 21(51.2) 1
Weight (kg) 61.7 £ 14.1 58.8+89 0.27
Height (cm) 161.4+9.9 161.9+94 0.8
Comorbidites
Hypertension 11 (27.5) 9(22.0) 0.61
Diabetes mellitus 0(0) 1(2.4) 1
Hepatocelluar carcinoma 1(2.5) 6(14.6) 0.11
Liver cirrhosis 5(12.5) 2(4.9) 0.26
HBYV infection 5(12.5) 9(22.0) 0.38
Chronic kidney disease 4(10.0) 4(9.8) 1
Schizophrenia 0(0) 1(2.4) 1
Medications
Calcium channel blocker 4(10.0) 2 (4.9) 0.33
Angiotension receptor blocker 4(10.0) 4(10.0) 0.63
QT prolonging drugs 21 27
Sertraline 1(2.5) 0(0) 1
Clarithromycin 1(2.5) 0 (0) 1
Risperidone 0(0) 1(2.4) 1
Ciprofloxacin 1(2.5) 1(2.4) 1
Levofloxacin 2 (5.0) 0 (0) 0.24
Moxifloxacin 10 (25.0) 18 (43.9) 0.1
Famotidine 5(12.5) 18 (43.9)  0.003*
Tacrolimus 3(7.5) 4(9.8) 1
Preoperative electrolyte level
Potassium (mmol/L) 43103 42+03 0.19
Calcium (mg/dl) 9.2+0.5 9.0+£0.7 0.25
Preoperative ECG
Sinus bradycardia 10 (25.0) 8(19.5) 0.6
QTc interval 433.2+£255 429.1£209 0.44
Prolonged QTc interval ' 3 (7.5)* 0(0) 0.12

Data are expressed as mean = SD or number of patients (%). ECG:
electrocardiogram, QTc: corrected QT. *P < 0.05 between two groups.
*Prolonged QTc interval in males is a QTc above 450 ms, and in females,
above 470 ms. T Three patients in the palonosetron group who had
prolonged preoperative QTc interval were all male.

Table 2. QTc Interval (ms) on ECG before and during General Anesthesia
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lyzed. Of the enrolled patients, 40 who received 0.075 mg intra-
venous palonosetron (Aloxi®, Helsinn Healthcare, SA, Lugano,
Switzerland) immediately before induction of general anesthesia
according to the anesthesiologists preference were assigned to
the palonosetron group, and 41 patients who did not receive any
kind of 5-HT; receptor antagonist including palonosetron until
completion of surgery were assigned to the control group.

Demographic and preoperative characteristics of the patients
are shown in Table 1. Age, gender, coexisting diseases, and med-
ications except famotidine were similar between the two groups
(Table 1). Sertraline, clarithromycin, risperidone, ciprofloxacin,
levofloxacin, moxifloxacin, famotidine, and tacrolimus, which
are QT-prolonging drugs [16], were identified. The number of
patients who received at least one of these drugs was not differ-
ent between the two groups. Preoperative calcium and potas-
sium levels, sinus bradycardia, QTc interval, and the number of
patients with a prolonged QTc interval on the preoperative ECG
were not different between the two groups (Table 1). The pre-
operative QTc interval was considered prolonged when it was >
450 ms in male patients and > 470 ms in female patients. None
of the patients were hypokalemic before surgery.

The QTc intervals on the ECG before and during general
anesthesia are presented in Table 2. No significant difference in
baseline QTc interval was observed between the two groups.
The QTc intervals at skin incision and 30, 60, 90, 120 min after
skin incision during general anesthesia increased significantly
compared to those at baseline in both groups (P < 0.001). The
changes in the QTc intervals were not different between the two
groups (P = 0.41). The mean individual maximum QTc interval
from baseline to 120 min after skin incision was 468.2 + 33.2 ms
in the control group and 471.2 + 38.0 ms in the palonosetron
group (P = 0.70). Fig. 1 shows the number of patients in whom
QTc intervals were > 500 ms at each time point during general
anesthesia. Six patients in the palonosetron group had a QTc
interval > 500 ms 30 min after skin incision, whereas no patient
did in the control group (Fig. 1, Table 3). No significant dif-
ferences were observed between the groups for the number of
patients who experienced a QTc interval > 500 ms at other time
points except 30 min after skin incision. The proportion of pa-
tients who experienced an increase in QTc interval of > 30 or 60
ms was not significantly different between the two groups.

Minutes after skin incision

Baseline Skin incision
60 90 120
Palonosetron (n = 40) 412.1 £25.9 434.3 + 34.9% 454.6 + 39.0* 4539 + 35.0% 453.1 + 36.7* 454.6 + 38.6*
Control (n=41) 408.3 £ 25.2 431.8 + 34.7% 440.1 + 38.8* 449.7 + 34.0% 450.3 + 34.1* 449.8 + 35.1%*

Baseline QTcintervals were obtained before induction of anesthesia. Data are expressed as mean + SD. ECG: electrocardiogram, QTc interval:

corrected QT interval. *P < 0.001 within the group, compared with baseline.
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77 Il Palonosetron group
[1 Control group
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Number of patients

120 min

Fig. 1. The number of patients in whom QTc interval > 500 ms during
general anesthesia.

The QTc intervals, hemodynamic values, and medications at
30 min after skin incision are shown in Table 3. No significant
differences were observed between the groups for mean blood
pressure, body temperature, heart rate, sevoflurane concentra-
tions, and number of patients in whom ephedrine or fentanyl
was administered intravenously during anesthesia. A significant
arrhythmia occurred in one patient in the palonosetron group.
That patient developed ventricular tachycardia at 55 min after
skin incision, but his ECG normalized after defibrillation. He
presented a higher QTc interval of 521.5 ms at 30 min after skin
incision compared to the baseline value of 462.5 ms.

Discussion

The main finding of our study was that the incidence of QTc
prolongation > 500 ms increased when patients received intra-
venous palonosetron before induction of general anesthesia.
This QTc prolongation was observed during the initial period of
general anesthesia with sevoflurane.

Palonosetron is the safest antiemetic among 5-HT), receptor
antagonists with regard to cardiovascular side effects [1]. The
QT interval does not increase significantly after administra-
tion of palonosetron in patients with cancer undergoing che-
motherapy [18,19]. In some previous prospective randomized
dose-ranging studies that targeted patients undergoing surgery,
the increase in QT interval was similar regardless of palonose-
tron administration [7,8]. However, patients with preoperative
QTc intervals > 500 ms may have been included in those stud-
ies because the preoperative ECG was not confirmed and QT-
prolonging risk factors such as hypokalemia, hypothermia, and
medications were not identified. In addition, the acute cardiac
effects of palonosetron during general anesthesia may have been
undetected because the QTc interval measurements were only
assessed at 15 min and 3-6 h after palonosetron injection. More-
over, no information was provided about the surgery time inter-
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Table 3. QTc Interval, Hemodynamic Variables and Concomitant Drugs
at 30 Minutes after Skin Incision

Control
(n=41)

Palonosetron

(n = 40) P value

Electrocardiographics
QTc interval (ms)
QTc interval > 500 msec

454.6 £39.0 440.1£38.8 0.12
6 (15.0) 0(0) 0.01%*

Prolonged QTc interval " 15 (37.5) 16 (39.0) 0.89
AQTc interval > 60 msec 13 (32.5) 11 (26.8) 0.63
AQTc interval > 30 msec 24 (60.0) 19 (46.3) 0.27
Hemodynamics
Mean blood pressure, nmHg ~ 82.4+20.1 781%156 0.29
Body temperature (°C) 35.6 = 0.5 357+04 027
Heart rate (beats/min) 739+114 76.1+13.7 0.44
Concomitant drugs
Concentration of sevoflurane 2.2+0.6 21+04 044
(vol%)
Ephedrine 14 (35.0) 11 (26.8) 0.47
Fentanyl 4(10.0) 4(9.8) 1.00
Labetalol 1(2.5) 2 (4.9) 1.00
Phenylephrine 1(2.5) 0(0) 0.49
Calcium chloride 1(2.5) 0(0) 0.49
Nicardipine 1(2.5) 1(2.5) 1.00

Data are expressed as mean + SD or number of patients (%). QTc
interval; corrected QT interval. AQTc interval; the increase in QTc
interval from baseline. *P < 0.05 between the two groups. "Prolonged
QTc interval in males is a QTc above 450 ms, and in females, above 470
ms.

val or QTc measurements. Therefore, the necessity to investigate
the relationship between QTc prolongation and palonosetron
remains and a clinical study of which the primary outcome is
cardiac side effects of palonosetron during general anesthesia is
warranted.

Ondansetron, which is another 5-HT), antagonist, has been
associated with QTc prolongation, myocardial ischemia, and
fatal arrhythmias in patients undergoing cancer chemotherapy
[10] or surgery [9,20]. The exact pharmacologic mechanism
has not been established; however, the blocking of cardiac so-
dium or potassium channels, delays in cardiac repolarization, or
coronary vasoconstriction via cardiac 5-HT-receptor have been
postulated to precipitate QTc prolongation and significant ar-
rhythmias [21]. Therefore, palonosetron could theoretically have
a QTc prolonging effect with a similar mechanism as ondanse-
tron.

In contrast to previous studies [7,8], we found that a QTc
interval > 500 ms occurred more frequently after administering
palonosetron compared to the control group, suggesting that
the combination of palonosetron, sevoflurane, and sympathetic
stimulation such as a skin incision may have initiated the sig-
nificant QT prolongation and ventricular arrhythmia. Similarly,
a previous study demonstrated that the additive QT-prolonging
effect of isoflurane and anthracycline was due to an increase in
the incidence of QTc prolongation in patients undergoing breast
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surgery [22]. Sevoflurane increases the QT interval in a dose-
dependent manner [12,23]. In addition, sympathetic activation,
caused by tracheal intubation, surgical incision, or emergence,
increases the QT interval [14,24], and this QT-prolonging effect
of sympathetic stimulation is prevented by administering an
opioid [25,26]. Moreover, we used time points based on the skin
incision, which was 35.1 + 9.9 min after the palonosetron injec-
tion, so a surgical stimulatory effect on the QTc interval in addi-
tion to the palonosetron effect could have been observed. In the
present study, palonosetron may have increased the incidence of
QTc prolongation through a combined effect of sevoflurane and
surgical stimulation. This is the reason why an increase in QTc
interval was not reported in patients with cancer who did not
have general anesthesia [18,19]. Our results show that other pos-
sible QT prolongation risk factors [18,27-29], including older
age, female gender, known QT-prolonging drugs, preoperative
QT interval, preoperative bradycardia, preoperative hypokale-
mia, heart failure, myocardial ischemia, sevoflurane concentra-
tions, temperature, ephedrine, and fentanyl were not different
between the two groups.

We observed the ECG during the initial 2 h after injecting
palonosetron according to the guidelines [15], which suggest
monitoring the QT interval during the peak plasma concentra-
tion of the QT-prolonging medication. In a previous report, the
time to reach the maximum plasma concentration after intra-
venous administration of palonosetron was 2-9 min when a
dose of 1-3 pg/kg was used in surgical patients [1]. Therefore, a
clinical study that investigates the effect of palonosetron during
a short period with small intervals after injecting palonosetron
is needed. Furthermore, we used Fridericia’s formula to calculate
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pared to that of Bazett’s formula [17,26]. Fridericias formula di-
agnoses a prolonged QTc interval more correctly because heart
rate is very changeable during anesthesia.
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was higher in patients who received 0.075 mg intravenously ad-
ministered palonosetron, compared to those who did not during
general anesthesia with sevoflurane. Palonosetron may induce
QTc prolongation during earlier periods of general anesthesia
with sevoflurane.
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