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Abstract 

Background Ondansetron is a selective 5-hydroxytryptamine type 3 serotonin-receptor antagonist with antiemetic 
properties used inadvertently in the emergency department for controlling nausea. However, ondansetron is linked 
with a number of adverse effects, including prolongation of the QT interval. Therefore, the purpose of this meta-anal-
ysis was to assess the occurrence of QT prolongation in pediatric, adult, and elderly patients receiving oral or intrave-
nously administered ondansetron.

Methods A thorough electronic search was conducted on PubMed (Medline) and Cochrane Library from the data-
bases’ inception to August 10, 2022. Only those studies were considered in which ondansetron was administered 
orally or intravenously to participants for the treatment of nausea and vomiting. The prevalence of QT prolongation 
in multiple predefined age groups was the outcome variable. Analyses were conducted using Review manager 5.4 
(Cochrane collaboration, 2020).

Results A total of 10 studies involving 687 ondansetron group participants were statistically analyzed. The adminis-
tration of ondansetron was associated with a statistically significant prevalence of QT prolongation in all age groups. 
An age-wise subgroup analysis was conducted which revealed that the prevalence of QT prolongation among partici-
pants younger than 18 years was not statistically significant, whereas it was statistically significant among participants 
aged 18–50 years and among patients older than 50 years.

Conclusions The present meta-analysis provides further evidence that oral or intravenous administration of Ondan-
setron may lead to QT prolongation, particularly among patients older than 18 years of age.
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Background
Ondansetron has antiemetic effects as a selective 
5-hydroxytryptamine type 3 (5-HT3) serotonin-receptor 
antagonist [1]. Between 2013 and 2019, the number of 
Ondansetron prescriptions in the USA increased two-
fold, from 6,516,077 prescriptions in 2013 to 11,856,066 
prescriptions in 2019, while the number of patients 
increased marginally [2].

It is one of the most common and widely prescribed 
medications for the prevention and treatment of postop-
erative and chemotherapy-induced nausea and vomiting. 
Moreover, it has demonstrated efficacy in the treatment 
of acute gastroenteritis in children brought to the emer-
gency department and irritable bowel syndrome with 
diarrhea [3–5]. During a 3-year study period, it was esti-
mated that Ondansetron was administered to 19,857 
(58.2%) patients on their initial visit to the pediatric 
emergency department, and a prescription was written 
for 11,624 (34.1%) patients [6]. In addition, the propor-
tion of patients receiving ondansetron has increased over 
time (11.8% in 2006, 62.5% in 2015), both in the emer-
gency department (10.6% in 2006, 55.5% in 2015) and as 
outpatient prescriptions (3.3% in 2006, 45.3% in 2015) 
with little or no change in hospitalizations over the same 
time period [7]. Pediatricians are increasingly prescrib-
ing Ondansetron in the emergency department for con-
ditions other than acute gastroenteritis, including fever, 
appendicitis, and respiratory pathologies [8].

Furthermore, Ondansetron is commonly used as an 
antiemetic during pregnancy, particularly during the first 
trimester, despite inconclusive evidence of its safety for 
the mother and the child [9, 10].

The most frequently occurring side effects include 
migraine-type headache, dry mouth, malaise, and con-
stipation [1, 11]. Furthermore, ondansetron is linked to 
pruritus, tiredness, and increased liver function tests, all 
of which are established consequences of liver disease 
[12]. Ondansetron, a 5-hydroxytryptamine-3 receptor 
antagonist, has also shown pro and anticonvulsant effects 
in animal studies [13].

Orthostatic hypotension, lengthening of the QT inter-
val (associated with Torsades de pointes), and other elec-
trocardigram segments and various arrhythmias are the 
most common cardiovascular side effects linked with 
ondansetron [14]. In September 2011, the Food and Drug 
Administration (FDA) published a message warning that 
ondansetron administration at doses higher than those 
frequently used in the emergency department may cause 
lethal arrhythmia [15]. The following year, this warn-
ing was revised to include the risk of QT prolongation 
associated with intravenous administration of 32  mg of 
ondansetron [16]. This risk, however, has not been uni-
formly reported among various age groups and there 

have been mixed results on whether QT prolongation is a 
significant side-effect of ondansetron.

The purpose of this meta-analysis was to assess the 
occurrence of QT prolongation in pediatric, adult, and 
elderly patients receiving oral or intravenous doses of 
ondansetron under the currently defined safe dose of 
32 mg.

Methods
Search strategy and data sources
This single-arm meta-analysis was completed in close 
adherence with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guide-
lines statement [17].

A comprehensive electronic search was performed 
on PubMed (Medline) and Cochrane Library from the 
inception of these databases till August 10, 2022. An 
extensive search strategy was formulated by the combi-
nation of the Medical Subject Headings (MESH terms) 
“Long QT syndrome” OR “LQTS” OR “QT prolongation” 
OR “Torsades de pointes” AND “Ondansetron” OR “Zof-
ran” OR “Emeset” OR “5-HT3 receptor antagonist” OR 
“serotonin receptor antagonists” OR “serotonin blockers.”

Eligibility criteria
The inclusion criteria are based on PICOS: P (Patients): 
Any patients treated with ondansetron; I (Intervention): 
ondansetron; C (Control): None; O (Outcome): preva-
lence of QT prolongation in multiple predefined age 
groups; S (Studies): Randomized Controlled Trials and 
Observational studies, published in English.

Only those articles were considered for inclusion in 
our review that excluded patients from their studies who 
were receiving any other drug or treatment option that 
had the potential to cause QT prolongation.

We did not include any of the articles that were origi-
nally published in languages other than English. In addi-
tion, all different kinds of reviews, case reports, case 
series, cross-sectional studies, editorials, commentaries, 
and studies based on animals were not included in this 
research in any capacity. Each article was individually 
assessed by the authors to assure eligibility according to 
the inclusion criteria. Missing data were excluded from 
consideration in the study.

Data extraction
Data were extracted by the first author and reviewed 
independently by other authors. Articles yielded from the 
electronic search were exported to EndNote Reference 
Library software in order to eliminate duplicates. The rel-
evance of studies was initially determined based on the 
title and abstract, and then the full text was examined. 
The following baseline characteristics were extracted: the 
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name of the first author, the year of publication, the type 
of study, the number of participants and their mean age, 
the dosage of the intervention, the percentage of males 
in the ondansetron group, and the QT at baseline. On 
an Excel spreadsheet, baseline attributes were extracted. 
Table  1 contains the characteristics of the baseline. The 
primary outcome was a mean difference in QT interval 
after administration of Ondansetron.

Quality assessment
The revised Cochrane Risk of Bias (RoB 2) tool was used 
to examine the quality of the included Randomized con-
trolled trials (RCTs) [18]. Reports were analyzed for 
generation of random sequence, randomization of par-
ticipants to exposure, blinding of participants personnel 
and outcome assessors, selective reporting of outcomes, 
and missing data.

The Newcastle–Ottawa Scale was used to assess the 
quality of observational studies [19]. This scale uses 
a “star” system to assess the quality of a study in two 
domains: selection of participants and ascertainment of 
outcomes of interest. Cohort studies were evaluated out 
of a total score of 8. A study is considered of good quality 
if there are 3 or 4 stars in the selection domain AND 1 
or 2 stars in the comparability domain AND 2 or 3 stars 
in the outcome/exposure domain. A study is considered 
of fair quality if there are 2 stars in the selection domain 
AND 1 or 2 stars in the comparability domain AND 2 
or 3 stars in the outcome/exposure domain. A study is 
considered of poor quality if there are 0 or 1 stars in the 

selection domain OR 0 stars in the comparability domain 
OR 0 or 1 stars in the outcome/exposure domain. No 
study was excluded based on quality alone.

Statistical analyses
Analyses were done using the Review manager 5.4 
(Cochrane collaboration, 2020) tool. Prevalence was cal-
culated through raw data. This along with other extracted 
information was used to find standard errors using the 
formula in Fig. 1.

Where “p” was the prevalence and “n” was the number 
of people aware of screening or people not screened. The 
prevalence and standard error from each study were then 
input into Review Manager through the inverse variance 
method to compute pooled prevalence along with a 95% 
confidence interval.

Heterogeneity was measured using the Higgins I2 sta-
tistics and was reported as a percentage for every out-
come. For an I2 value of less than 50%, low heterogeneity 
was indicated, moderate heterogeneity was considered 
when the I2 value was less than 75%, and high hetero-
geneity was observed with an I2 value of greater than 
75%. Outcomes reporting an I2 greater than 75% were 

Table 1 Study characteristics of included studies

Author’s name, year Type of study Number of 
participants

Average age Males (%) Dosage of 
ondansetron 
and Route of 
administration

Baseline QT

Charbit et al. [20] Observational study 42 44 ± 16 years 40.5 4 mg Intravenous 439 + 29 ms

Grecu et al. [21] Randomized double-
blind trial

135 51.9 ± 13.9 years 29.6 4 mg Intravenous N/A

Rosow et al. [22] Randomized trial 125 54 ± 15 years 33.6 4 mg Intravenous N/A

Ganjare et al. [23] Prospective, rand-
omized, single-blind 
study

37 47.14 ± 9.2 years N/A 8 mg Intravenous N/A

Zuo et al. [24] Randomized trial 58 29 years (range 
18–45 years)

37.9 8 mg Intravenous 409.6 + 16.72 ms

Jamwal et al. [25] Randomized trial 58 38.32 ± 10.59 years 0 4 mg Intravenous N/A

Hoffman et al. [26] Retrospective study 134 47.8 months 
(4.8–168 months)

46 0.15 mg/kg Intrave-
nous

415 ms; 95% CI 
343–565 ms

Campleman et al. [27] Prospective multi-
center cohort study

8 36 years (26–50 years) N/A N/A N/A

Yang et al. [28] Retrospective obser-
vational study

80 53.3 months 
(7–161 months)

45 0.18 mg/kg Oral 403.3 ± 24.0 ms

Sutherland et al. [29] Prospective study 52  > 18 years 47 4 mg Intravenous 439 +/− 38 ms

Fig. 1 Formula used for standard error calculation
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subjected to sensitivity analysis to determine the indi-
vidual effects of each study on a certain pooled outcome.

Results
Systemic search
A comprehensive search on 2 databases yielded a total of 
515 results. Considering the study eligibility criteria, 10 
studies were selected for the meta-analysis, as shown in 
Fig. 2.

Study characteristics
A total of ten studies met the inclusion criteria and out 
of these five were randomized controlled trials and the 
rest were cohort studies [20–29]. These studies selected 
for the statistical analysis consisted of 687 participants 
in the ondansetron group. The mean ages of the patients 
in the pooled sample ranged between 4 and 75+ years. 
Study characteristics of the included studies are given in 
Table 1. Considering the prevalence of QT prolongation 

as the primary outcome, baseline values of QT were also 
included in Table 1.

Meta‑analysis results
The results of our meta-analysis are illustrated in Fig. 3. 
A statistically significant prevalence of QT prolongation 
was associated with the administration of ondansetron in 
all age groups (Prevalence, 0.14; 95% CI, 0.08 to 0.20; p 
value < 0.00001; I2 = 96.3%). A high overall in-study het-
erogeneity was reported.

Subgroup analysis
A subgroup analysis was performed to assess the preva-
lence of QT prolongation associated with ondansetron 
administration in different age groups. Two studies were 
included in the < 18 years subgroup [26, 28]. A statistically 
non-significant prevalence of QT prolongation among 
participants younger than 18 years was reported (Preva-
lence, 0.01; 95% CI, − 0.00 to 0.02; p value = 0.17; I2 = 0%) 

Fig. 2 Prisma flowchart
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and no in-study heterogeneity was observed. A total of 
five studies included participants in the 18–50 years age 
group [20, 23–25, 27]. The incidence was QT prolonga-
tion among participants of this age group was statisti-
cally significant (Prevalence, 0.20; 95% CI, 0.06 to 0.33; 
p value = 0.005; I2 = 93%) and a high study heterogeneity 
was reported. Two studies were included in the > 50 years 
subgroup [21, 22]. A statistically significant prevalence of 
QT prolongation among participants older than 50 years 
was reported (Prevalence, 0.23; 95% CI, 0.17 to 0.28; p 
value < 0.00001; I2 = 0%) and no in-study heterogeneity 
was observed. The prevalence of QT prolongation among 
participants of the study included in the mixed age group 
was statistically significant (Prevalence, 0.19; 95% CI, 0.08 
to 0.30; p value = 0.00004).

Leave‑one‑out sensitivity analysis
Excluding the studies one-by-one from the 18–50  years 
subgroup did not reduce the in-study heterogeneity 
(I2 = 67% p value = 0.06). However, the prevalence of QT 
prolongation among participants among the 18–50 years 

subgroup was statistically non-significant upon the exclu-
sion of the study conducted by Ganjare et al. [23] but at a 
lower confidence interval limit of 0.00. The results of the 
sensitivity analysis are depicted in Fig. 4.

Publication bias
On visual assessment, the funnel plot was asymmetrical 
suggesting publication bias among the included studies, 
as demonstrated in Fig. 5.

Quality assessment
Quality assessment of RCTs and cohort studies is pre-
sented in Fig. 6 and Table 2, respectively. 4 out of the 5 
cohort studies were of poor quality and only one study 
was of fair quality.

Limitations
The small number of participants along with limited fol-
low-up, included in this meta-analysis, limited the reli-
ability of the results. In addition, the dosage and route 
of ondansetron administration were not standardized 

Fig. 3 Prevalence of QT prolongation
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across the included studies, compromising the validity 
of the findings. Furthermore, a statistical increase in QT 
may or may not be reflected clinically, thus determina-
tion of clinical outcome needs to be performed across 
varying dosages.

Discussion
Ondansetron is an antiemetic used to prevent and treat 
nausea and vomiting that may be caused by anesthe-
sia during surgery, chemotherapy in cancer patients, 
and pregnancy. In addition, ondansetron is increasingly 
utilized in the emergency department, particularly for 
pediatric patients with acute gastroenteritis. Oral admin-
istration of ondansetron to such patients in the emer-
gency department not only reduces vomiting but also 
decreases intravenous fluid administration and hospitali-
zation frequency. In addition to acute gastroenteritis, it 
has been observed that pediatricians frequently prescribe 
ondansetron for conditions such as fever, appendicitis, 
and respiratory pathologies.

However, ondansetron is associated with numer-
ous adverse effects, including headache, fatigue, pru-
ritus, teratogenic risk in pregnant women, and QT 
prolongation. QT interval measures the time between 
ventricular depolarization and repolarization on an 
electrocardiogram [30]. This corresponds to the begin-
ning of the QRS complex through the end of the T wave 
[31]. Some factors that either lengthen or shorten the 
QT interval include adrenergic stimuli, heart rate, and 
drugs [23]. QT prolongation is a serious condition that 
is frequently associated with an increased risk of atrial 
fibrillation and Torsades de Pointes (TdP), a polymor-
phic ventricular tachycardia that can lead to fatal ven-
tricular fibrillation [31]. It has been observed that the 
normal range of the QT interval varies with heart rate, 
increasing during bradycardia and decreasing during 
tachycardia, for example. Thus, QT interval must be 
’corrected’ for accurate results, particularly in hospital 
settings where patients’ resting heart rates may not be 
normal [31]. The QT interval after correction is known 
as QT. In this meta-analysis, the correlation between 

Fig. 4 Forest plot for leave-one-out sensitivity analysis showing a change of significance in 18–50 year age subgroup
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ondansetron administration and the incidence of QT 
prolongation in the following age groups was investi-
gated for the following age groups: less than 18  years, 
18 to 50  years, older than 50  years, and mixed age 
group.

In studies by Grecu et  al. [21] and Rosow et  al. [22] 
patients with cardiac arrhythmias, seizure disor-
ders, Parkinson’s disease, those receiving treatment 
with dopamine antagonists, and dexamethasone were 
excluded [21, 22].

In studies by Ganjare et al. [23], Hoffman et al. [26], 
Yang et al. [28] and Sutherland et al. [29] patients with 
baseline prolonged QT interval, arrhythmias, and 
serum electrolyte imbalance were excluded. Further-
more, in study [25], patients who had received prior 

Fig. 5 Funnel plot

Fig. 6 Quality assessment of RCTs using revised Cochrane risk-of-bias 
tool

Table 2 Quality assessment of cohorts using New Ottawa Scale

Charbit 
et al

Hoffman 
et al

Campleman 
et al

Yang 
et al

Sutherland 
et al

Selec-
tion

* ** ** ** *

Compa-
rability

Out-
come

*** **
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antiemetics before surgery, administration of steroids, 
psychotropic drugs, pregnant or lactating women, 
those with prolonged QT interval, bundle branch block, 
patients undergoing chemotherapy, and those allergic 
to the study drugs were excluded [23, 26, 28, 29].

Additionally, in the study conducted by Yang et  al. 
[28], patients with oliguria, surgical abdomen, congenital 
heart disease, arrhythmias, or a history of prolonged use 
of QT prolongation medication were excluded [28].

Even though the results of this meta-analysis demon-
strate a significant correlation between the incidence of 
QT prolongation and the administration of ondanse-
tron, the high heterogeneity between studies undermines 
the validity of these findings. As demonstrated by the 
results of the sensitivity analysis, this heterogeneity was 
not reduced by excluding studies individually, further 
minimizing the confidence in the findings. The inclusion 
of poor-quality studies can introduce bias and compro-
mise the overall validity of the conclusions drawn in the 
meta-analysis.

Considering the limited data available and the inclusion 
of studies with poor quality, it is essential to acknowledge 
the potential limitations of the research paper. These lim-
itations could affect the generalizability and reliability of 
the conclusions. Future research should aim to address 
these limitations by including a larger number of high-
quality studies that provide comprehensive data on the 
baseline QT interval. This would strengthen the validity 
and reliability of the findings in the field of ondansetron-
induced QT prolongation across various age groups.

In addition, subgroup analysis revealed a statistically 
significant correlation between ondansetron administra-
tion and the incidence of QT prolongation in patients 
aged 18 to 50 years, over 50 years, and mixed age groups. 
There was no in-study heterogeneity among the subgroup 
of participants older than 50 years, enhancing the valid-
ity of the significant findings. In contrast, the sensitivity 
analysis did not reduce the high in-study heterogeneity 
among the ’18 to 50-year-old’ subgroup. In addition, the 
exclusion of the Ganjare et al. study rendered the results 
of this subgroup non-significant (p value = 0.06) [23].

The two studies by Grecu et  al. [21] and Rosow et  al. 
[22], which included the old age patients, suggest that 
the most probable explanation for higher incidence of 
ondansterone induced QT prolongation are:

1. Age-related changes: As individuals age, there are 
natural changes that occur in the cardiovascular 
system. These changes include alterations in the 
structure and function of the heart, such as fibrosis, 
decreased compliance, and changes in ion channels. 
These age-related changes can affect the electrical 
conduction system of the heart, making older indi-

viduals more susceptible to drug-induced QT pro-
longation. The altered electrical properties of the 
aging heart can amplify the effects of medications 
like ondansetron on the QT interval.

2. Polypharmacy: Older adults often take multiple 
medications to manage various health conditions, a 
phenomenon known as polypharmacy. The simulta-
neous use of multiple drugs increases the risk of drug 
interactions. Some medications, when combined 
with ondansetron, can further increase the risk of 
QT prolongation. Certain medications, such as other 
antiemetics, antipsychotics, antibiotics, and certain 
antidepressants, can interfere with the same cardiac 
ion channels affected by ondansetron, compounding 
the risk of QT prolongation.

3. Underlying medical conditions: older adults are more 
likely to have pre-existing medical conditions, such 
as heart disease, hypertension, electrolyte imbal-
ances, or liver and kidney dysfunction. These condi-
tions can impair the body’s ability to process medi-
cations, including ondansetron, and increase the risk 
of QT prolongation. For example, electrolyte imbal-
ances, particularly low levels of potassium, magne-
sium, or calcium, can disrupt the electrical activity of 
the heart and contribute to QT prolongation.

4. Reduced physiological reserve: older adults generally 
have reduced physiological reserves and diminished 
organ function compared to younger individuals. 
This reduced reserve can make older adults less capa-
ble of compensating for any adverse effects caused by 
medications like ondansetron. Age-related declines 
in organ function, particularly in the liver and kid-
neys, can impair drug metabolism and elimination, 
leading to higher drug concentrations and prolonged 
drug effects, including QT interval prolongation.

The exact mechanism by which ondansetron medi-
ates the prolongation of the QT interval is still unknown. 
However, it has been hypothesized that 5-Hydrot-
ryptamine-3 (5HT3) receptor antagonists block cardiac 
sodium channels, widening the QT interval. This hypoth-
esis was investigated in the study conducted by Klooster 
et al. [32]. Effects of 5-Hydrotryptamine-3 (5HT3) recep-
tor antagonists on human α-subunit Nav1.5 (cardiac 
sodium channel) heterologously expressed in HEK293 
cells were assessed, and it was demonstrated that all 
5-Hydrotryptamine-3 (5HT3) receptor antagonists 
including ondansetron inhibit Nav1.5 in a concentration 
and state-dependent manner [32].

The findings of our study are in contrast to the results 
of a network meta-analysis that included a total of 97,516 
randomized participants and 44 single drugs. No or 
minimal effect of ondansetron administration on QT 



Page 9 of 11Singh et al. The Egyptian Heart Journal           (2023) 75:56  

prolongation was demonstrated. Moreover, the reliabil-
ity of these results was enhanced by the large sample size 
and no in-study heterogeneity (I2 = 0%) further compro-
mising the authenticity of the results of our meta-analysis 
[33]. In another systematic review and network meta-
analysis, the safety and efficacy of 5-Hydrotryptamine-3 
(5HT3) receptor antagonists were assessed. Contrary 
to the findings of our study, no significant correlation 
between ondansetron administration and QT prolonga-
tion was drawn in this meta [34]. However, the credibil-
ity of this study was hindered by the limited number of 
included studies that reported QT prolongation and the 
small sample size of the included studies [34].

Interesting findings were reported by Tricco et  al. in 
their study comparing the safety and efficacy of mul-
tiple 5-Hydrotryptamine-3 (5HT3) receptor antago-
nists in patients undergoing chemotherapy. The risk of 
QT prolongation was significantly greater in the dola-
setron + dexamethasone group as compared to the 
ondansetron + dexamethasone group [35]. It has been 
postulated that co-administration of dexamethasone 
could positively influence the impact of ondansetron on 
QT interval and hence, these results are not comparable 
with the findings of our study.

This meta-analysis included two studies that evaluated 
the incidence of QT prolongation in pediatric patients 
with acute gastroenteritis [26, 28]. In both of these stud-
ies, QT prolongation was observed in only one patient, 
indicating that there is no correlation between ondan-
setron administration and QT prolongation in the pedi-
atric population. This finding, along with the absence 
of within-study heterogeneity, enhanced the reliability 
of the statistically non-significant (p = 0.17) subgroup 
analysis results from this meta-analysis. In contrast, oral 
administration was used in the study conducted by Yang 
et al. [28], whereas intravenous administration was used 
in the study conducted by Hoffman et al. [26]. Variabil-
ity in the mode of administration could undermine the 
validity of these results. In addition, an observational 
study of 100 pediatric patients failed to find any correla-
tion between the administration of ondansetron and the 
incidence of QT prolongation [36].

The administration of ondansetron has been linked to 
QT prolongation, a potentially serious cardiac condition. 
However, the validity of this association is uncertain due 
to high heterogeneity among studies. Although certain 
medications have the capability to extend the duration 
of the QT interval, which is a measurement indicating 
the heart’s electrical activity, there is no guarantee that 
they will lead to dangerous disruptions in heart rhythm. 
Numerous elements contribute to the emergence of 
irregular heartbeats, including the individual’s underly-
ing health status and the existence of other risk factors. 

Moreover, the likelihood of encountering serious heart 
rhythms differs among various medications, with certain 
medications carrying a greater probability than others. In 
clinical practice, healthcare professionals should carefully 
consider the potential risk of QT prolongation associated 
with ondansetron administration, particularly in patients 
within the identified age groups. Patient-specific factors, 
such as underlying cardiac conditions, concurrent medi-
cations, and individual risk profiles, should be taken into 
account when assessing the overall benefit-risk balance 
of using ondansetron as an antiemetic. Close monitoring 
of cardiac parameters and prompt intervention in case of 
any signs or symptoms of QT prolongation are crucial.

Conclusions
This meta-analysis provides evidence that oral or intra-
venous administration of ondansetron, an antiemetic, 
may cause QT prolongation, especially in patients older 
than 18  years. There was no statistically significant effect 
of ondansetron in children younger than 18  years old, 
although caution must be exercised because cases have 
been reported in this age group as well. Therefore, we advise 
using ondansetron with caution, particularly in patients 
with a history of heart disease. To thoroughly validate our 
present findings, additional large-scale, multicenter studies 
evaluating additional parameters are required.
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