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Summary - Purpose. Ciprofloxacin may prolong the QT interval and increase the risk of Torsade de Pointes 
(TdP). Intravenous administration of ciprofloxacin in patients with additional risks may elevate the risk of QTc 
interval prolongation. We prospectively assessed whether intravenous ciprofloxacin prolongs the QT interval in 
patients with additional co-morbidities and risk factors. We also reviewed the literature on the QT prolonging 
effect or TdP inducing effect of ciprofloxacin. Methods. ICU Patients who were treated with intravenous 
ciprofloxacin as part of their therapy were recruited. ECG was recorded within 60 min before start and in the last 
30 min of 1 h infusion, or within 30 min after the end of ciprofloxacin infusion. QT interval was corrected for 
the heart rate using both Bazett’s and Fridericia’s formula. The changes were analyzed using the paired 
Student’s t-test. Results. Ten patients were included in the study (average age 74-y, 6 males). The average 
baseline QTc interval corrected with Bazett’s formula was 448 ms that was shortened during or after 
ciprofloxacin infusion by 3 ms and 2 ms based on Bazett’s  (p=0.67) and Fridericia’s (p=0.68) formula, 
respectively. No observational study  or cohort study thus far has shown that ciprofloxacin has a QT prolonging 
effect or increases the risk of TdP or (cardiovascular) mortality.  Conclusion. Based on our results and the 
results of previous studies, it is unlikely that ciprofloxacin has a clinically relevant QT prolonging effect or an 
increased risk of TdP. 
 
This article is open to POST-PUBLICATION REVIEW. Registered readers (see “For 
Readers”) may comment by clicking on ABSTRACT on the issue’s contents page. 
_______________________________________________________________________
 
INTRODUCTION 
 
Ciprofloxacin, a fluoroquinolone, is a commonly 
used antimicrobial agent. Fluoroquinolones are well 
tolerated; however they are associated with QT 
interval prolongation on the ECG (1). It is assumed 
that an increase in QT interval indicates an 
increased risk of Torsades de Pointes (TdP), a rare 
but potentially fatal, polymorphic ventricular 
arrhythmia (2). Grepafloxacin and sparfloxacin, 
other member of the fluoroquinolones, have been 
withdrawn worldwide from the market for this 
reason. 

Although QT prolongation is believed to be a 
class effect of fluoroquinolones differences exist 
between the various drugs in this group (3). 
Ciprofloxacin seems to be the fluoroquinolone with 
the lowest risk of QT prolongation and it is 
questionable whether ciprofloxacin has a clinically 
relevant QT prolonging effect (4,5). Ciprofloxacin  

 
has been associated with TdP in various case 
reports (5,6), but other studies suggested that there 
is no increased risk of QT prolongation or TdP (7-
12). 

All studies thus far have been performed with 
orally administered ciprofloxacin in healthy 
volunteers or outpatients. However, ciprofloxacin is 
frequently given intravenous to inpatients, for 
example on intensive care units (ICU). Intravenous 
administration of ciprofloxacin may result in higher 
plasma concentrations than oral administration and 
thus result in a higher risk of QT prolongation and 
TdP. ICU patients may also be more vulnerable to 
QT prolongation, due to co-morbidity and 
additional risk factors, such as electrolyte 
disturbances. 
_________________________________________ 
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The objective of this study was to determine the 
change in QTc interval during or directly after 
administration of intravenous ciprofloxacin in ICU 
patients. 
 
METHODS 
 
Study population 
This study was performed in the ICU of the Spaarne 
Gasthuis (Haarlem/ Hoofddorp, the Netherlands), a 
general teaching hospital with around 900 beds, 
between April and July 2016. Patients who were 
admitted at the ICU and treated with intravenous 
ciprofloxacin as part of their regular care, were 
eligible for inclusion. Exclusion criteria were age 
below 18 years, non sinus rhythm, acute cardiac 
diseases, deviations in the ECG that disturb the QT 
interval and use of QT prolonging drugs with 
known risk of TdP, other than ciprofloxacin, 
according to the AZCERT list (13). Treatment with 
haloperidol in a dose of less than 5 mg per day was 
allowed (14). 
 
Study procedure 
If eligible, the patient or his / her legal 
representative was asked for informed consent.  
Two ECGs were taken around one ciprofloxacin 
administration. The first ECG was taken within the 
60 minutes before start of the ciprofloxacin 
administration. The second ECG was taken in the 
last 30 minutes of the infusion or within 30 minutes 
after the end of the infusion. Ciprofloxacin is 
administered through a 60 minutes intravenous 
infusion. All ECGs were standard 12-lead resting 
ECGs (25 mm/s paper speed, 10 mm/mV 
amplitude, and 40 Hz sampling rate). ECGs were 
recorded using Hamilton MAC 5500 HD with 
automated analysis by the MUSE Cardiology 
Information System. The QT and RR interval as 
measured by the MUSE information system were 
used. Both the Bazett’s formula (QTc=QT/RR1/2) 
(15) and the Fridericia formula (QTc=QT/RR1/3) 
(16) were used to correct for the heart rate.(17) 
 
STATISTICAL ANALYSIS 
 
Paired t-test was used to analyze statistical 
significance between the QTc interval before 
administration and the QTc interval during or 
shortly after ciprofloxacin infusion. Analyses were 
performed using SPSS software (version 20.0.0; 
SPSS, Chicago, IL). 

Ethics 
The Medical Research Ethics Committee Noord-
Holland (Alkmaar, the Netherlands) judged that this 
study does not fall under the scope of the Medical 
Research Involving Human Subjects Act. 
Therefore, approval from an Ethics Committee was 
not needed. 
 
RESULTS 
 
We included ten patients who signed informed 
consent and in whom ECGs were taken both before 
and during or shortly after ciprofloxacin infusion. 
The average age of the study population was 74 (SD 
7,8; range 60-85) years and 6 patients were men. In 
three patients, a reduced dose was given due to 
renal dysfunction (two patients 400 mg qd, one 
patient 200 mg bid). All other patients received a 
dose of 400 mg bid. Seven patients had one or more 
additional risk factors for QT prolongation beside 
age and gender. These risk factors were haloperidol 
use < 5 mg/day (n=2), recent past use of amiodaron 
(n=1), hypokalemia (n=1), diabetes mellitus (n=4) 
and decompensated heart failure (n=2). 

The average QTc interval did not change 
significantly during or shortly after ciprofloxacin 
administration versus before administration (table 1, 
figure 1). The average QTc interval was 3 ms 
shorter calculated with the Bazett’s formula 
(p=0.67) or 2 ms shorter if the Fridericia’s formula 
was used (p=0.68). 

 
DISCUSSION 
 
In our study, we did not find a QT prolonging effect 
of ciprofloxacin in ICU patients. This is in line with 
previous studies in other populations. Makaryus et 
al. performed an observational study in eleven 
patients taking oral ciprofloxacin, and studied the 
change in QTc interval on the ECG before and 2 to 
48 hours after the first dose of ciprofloxacin (7). A 
non-significant shortening of the QTc interval of 10 
ms after administration of ciprofloxacin was found. 
Noel et al studied the effect on the QTc interval 
after single-dose oral administration of 1500 mg 
ciprofloxacin in 48 healthy volunteers (8). This is a 
supratherapeutic dose, because the maximum oral 
dose is 750 mg twice a day.  They found no 
statistically significant differences in QTc interval 
after administration of ciprofloxacin compared with 
placebo at various time points until 24 hours after 
administration, although in analyses of the average 
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post treatment QTc a minor increase between 2 and 
5 ms was found. Tsikouris did not find a QT 
prolonging effect after two hours or seven days 
treatment with orally administered ciprofloxacin in 

13 healthy volunteers (9). In this study, the QTc 
interval was prolonged during treatment with 
moxifloxacin.” 

 

Figure 1. Change in QTc interval during or shortly after intravenous administration of ciprofloxacin for the individual 
patients, adjusted with the Bazett’s formula (left) and Fridericia’s formula (right). Patients with risk factors are shown with 
solid lines. 
 
Table 1. Change in QTc interval during or shortly after intravenous administration of ciprofloxacin 
 Before infusion During or after infusion 
Average ventricular rate (SD) 94 (14) bpm 93 (15) bpm 
Average QTc (SD) – Bazett 448 (37) ms 445 (39) ms 
Change in QTc, p-value – Bazett - -3 ms (p=0.67) 
Patients with prolonged QTc interval – Bazetta 4 3
Average QTc (SD) – Fridericia 416 (37) ms 414 (35) ms 
Change in QTc – Fridericia - -2 ms (p=0.68) 
Patients with prolonged QTc interval – Fridericiaa 2 1
a QTc interval above 450 ms for man or above 470 ms for woman 
SD = standard deviation 
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Three population-based cohort studies have 
been performed. In a population based cohort study 
with 265,000 ciprofloxacin prescriptions, no 
differences in cardiovascular mortality or all-cause 
mortality were seen during a 10-days course of 
ciprofloxacin compared with amoxicillin, an 
antimicrobial agent that is not associated with QT 
prolongation (10). Similarly, no significant 
differences in cardiovascular mortality were found 
in 205,205 ciprofloxacin users compared with 
amoxicillin-clavulanic acid users (11). On the 
contrary, the QT prolonging antimicrobial agent’s 
azithromycin and moxifloxacin were associated 
with an increased risk of cardiovascular mortality 
(10,11). In the third study, 1,830,000 prescriptions 
for ciprofloxacin were compared with prescriptions 
for penicillin V, and the risk of arrhythmia was not 
statistically significant increased (12). 

On the other hand, twelve case-reports have 
been published in which ciprofloxacin has been 
associated with TdP (5,6). In the majority of these 
cases, other risk factors, such as co-prescribed QT 
prolonging drugs, pre-existing heart disease and 
electrolyte imbalances were present. 

Our study has some potential strengths and 
limitations. We were the first to assess the QT 
prolonging effect in adult ICU patients. These 
patients are older, have various co-morbidities and 
one or more acute illnesses, and therefore are most 
likely more vulnerable to QT prolongation. Even in 
these patients, we did not find a QT prolonging 
effect of intravenous administered ciprofloxacin. 
After inclusion of the ten patients in our study, we 
performed an interim analysis. As we did not see 
even a trend towards a QT prolonging effect, we 
decided to stop the inclusion of new patients. 
Ideally, ciprofloxacin concentrations would have 
been measured while taking ECGs, to relate the 
prolongation of the QTc interval with the plasma 
concentrations, and compare these values with 
patients treated with placebo. However, in our ICU 
population, this was not possible.  We analyzed the 
QTc interval only twice, both before administration 
of ciprofloxacin and in the last 30 minutes of the 
infusion or within 30 minutes after the end of the 
infusion. The latter time window was chosen, 
because plasma levels are highest and the effect on 
the QTc interval at maximum. The change in 
plasma levels before and during or shortly after 
intravenous administration of ciprofloxacin is 
dependent on the frequency of administration and 
the elimination half-life. The elimination half-life of 

ciprofloxacin is three to five hours and 
ciprofloxacin is given twice daily.(18) Therefore, 
the plasma level before administration is five to 
sixteen times lower than the plasma level during or 
shortly after administration. In patients with severe 
renal impairment, the elimination half-life raises to 
up to twelve hours, but in these patients 
ciprofloxacin is given once daily and plasma levels 
will be four times lower before administration.(18) 
Drug induced QT interval prolongation is caused by 
an effect on the cardiac ion channels and change of 
the ion currents, among which the IKr current is an 
important one.(2) There is a strong correlation 
between plasma levels and QTc prolongation, 
because the heart is very well perfused and binding 
of the QT prolonging drug on the ion channels has 
an instant effect on the ion currents. If ciprofloxacin 
did have a QT interval prolonging effect, these 
variations in plasma levels before and during or 
shortly after intravenous ciprofloxacin 
administration would have been large enough to 
cause variations in QT interval. More frequent ECG 
measurements would have reduced intraindividual 
variation in QTc values and improved the power of 
the study. Moreover, we did not study the change in 
QTc values at other time points in our clinical 
study. 

In our study, we did not find a QT prolonging 
effect of intravenous ciprofloxacin. Our results are 
in line with previous studies that did not find a QT 
prolonging effect of orally administered 
ciprofloxacin in the general population or healthy 
volunteers. The QT prolonging effect is only 
suggested because other drugs in the class of 
fluoroquinolones do prolong the QTc interval and 
the effect has only been described in various case 
reports. However, in these case reports other risk 
factors may have caused the TdP and the infection 
for which ciprofloxacin has been prescribed, may 
have increased the vulnerability for TdP. No 
clinical study thus far has shown that ciprofloxacin 
has a QT prolonging effect or increases the risk of 
TdP. In March 2015, ciprofloxacin has been added 
to the AzCERT list of drugs with a known risk of 
TdP.(13) As a consequence, medication 
surveillance alerts for the interaction between 
ciprofloxacin and QT prolonging drugs are 
incorporated in many healthcare systems. If 
ciprofloxacin does not prolong the QT interval, the 
alerts and the precautionary measures taken to 
reduce the risk of TdP would be redundant. These 
measures vary from taking additional ECGs and 
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monitoring the QT interval during therapy, to 
switching to alternative antimicrobial agents and 
possibly withholding the treatment of first-choice. 
 
CONCLUSION 
 
To conclude, we did not find any QT prolonging 
effect after intravenous administration of 
ciprofloxacin in ICU patients. No observational 
study  or cohort study thus far has shown that 
ciprofloxacin has a QT prolonging effect or 
increases the risk of TdP or (cardiovascular) 
mortality. Based on our results and the data from 
previous clinical studies, ciprofloxacin 
monotherapy lacks any clinically relevant QT 
prolonging effect.  
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