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ABSTRACT 
 

Background: Female gender and age are risk factors for acquired long QT syndrome. 

This could be vitally relevant in severe bacterial infection when macrolides or 

fluoroquinolones are used. Further is evidence that typical arrhythmias like torsades de 

pointes (TdP) are QT-related and QT prolongation is dependent from concentration. 

Therefore, it is the question whether danger to life is due to age and/or gender itself or is 

perhaps due more to higher concentrations in later life and females. In the assumption 

that the last hypothesis should be important, we suggested that older women with low 

body weight should be most endangered when they must be treated with such drugs 

because an adjustment e.g. to body weight is not recommended in customary guidelines. 

Methods: Exploratory, we investigated 204 medical ICU patients (78 f / 126 m, 

61.1±16.1 ys) with severe bacterial infections (Mortality Probability Model II0 49.1±28 

%) during one year. Primary cardiac patients and stroke patients without need of 

mechanical respiration were not participating because of separate competence. Antibiotic 

therapy took place on customary guidelines. If treatment was not leading to a decrease of 

C-reactive protein (CRP), antimicrobial agents were changed. In 65.2 % of patients, 

potentially QTc-prolonging drugs (not only antibiotics) were applied for ≥48 hs. Body 

weight was ascertained at ICU admission. During the course of ICU stay, arrhythmic 

events were recorded as well as QT intervals corrected by the formula of Bazett 

ascertained at least once a day in the morning. Afterwards, an analysis of a situation 

leading to death was conducted. 

Results: By comparable severity of illness and comparable antibiotic therapy effect, 

age, QTc-prolonging drugs and less body weight discriminated in females significantly 

between survival or not (p <0.001, 0.008, 0.009, respectively). Such clear effects were 

not noted in men. Within subgroups of women, mortality increased with age ≥60 years (p 
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= 0.01). Comparatively to men, mortality of treated patients in the age ≥60 years was also 

higher in women (p = 0.047), and this was despite the greater incidence in men (p = 

0.002). In women, selectivity of survival vs. non-survival was intensified by the addition 

of QTc-prolonging medication and body weight. As such, best risk assessment in women 

was achieved if (1) age, (2) QTc-prolonging therapy and (3) less body weight were 

combined (p<0.001). In direct comparison to men, women of at least two of these factors 

had a significantly poorer outcome (OR 2.37; 95% CI 1.13-4.98; p = 0.022). Incidences 

of TdP were 8/204; fatal ventricular fibrillation occurred in two cases. But 

supraventricular and especially ventricular arrhythmias were seen more under QT-

prolonging drugs (p = 0.01 and p <0.001, respectively). Accordingly, such arrhythmic 

events as well as prolonged QTc intervals discriminated more on survival when women 

are concerned (p ≤0.001). In men, only a significant value of 0.01 was ascertained upon 

ventricular arrhythmias. Keeping in mind that ventricular arrhythmias especially are signs 

of myocardial impairment or precursors of thromboembolic events (acute stroke, acute 

lung embolism, acute mesenteric infarction), we found that causes leading to death 

explaining cardiac impairment were more expressed in patients receiving QTc-

prolonging drugs: 1.) overall (OR 6.7; 95% CI 1.86-24.2; p = 0.002) and 2.) in women 

comparatively to men (OR 3.88; 95% CI 1.06-14.2; p = 0.034). 

Conclusions: Data on septic patients show that age, QTc-prolonging drugs and lower 

body weight additionally increased mortality in critically ill women. It should be 

considered further that not only the relatively rare TdP tachycardia is the leading cause 

for severe adverse events when are treated with QTc-prolonging drugs; already QTrelated 

arrhythmias may be important. Arrhythmic episodes themselves as impending TdP can 

serve as a sign of worse outcome. Because those events are dependent on the 

concentration at which a body weight adjustment is not recommended, especially elderly 

and severely ill women with low body weight should be more endangered than respective 

men. Thus, data gives hints that the risk on QTc-prolonging drugs may be due more to 

elevated concentrations than to physiologic or pharmacodynamic gender differences. If 

negative effects can be referred to inadequate doses of agents with a narrow toxic-

therapeutic window, a dosage adjustment based on plasma and tissue concentration is to 

be performed. The ―one size fits all‖ conception should be reconsidered. Until today, we 

should consider whether QTc-prolonging antibiotics in usually performed drug 

alternation should be rather replaced in elderly women if possible. For risk reduction, we 

should explore QTc monitoring. 

 

 

REVIEW FROM THE LITERATURE 
 

 

 

 

 

 

 

 

 

Drug-induced QT interval prolongation has become of greater interest in the last years as 

this dangerous effect should be caused by torsades de pointes (TdP). These potentially life-

threatening polymorphic ventricular arrhythmias occur not only in treatment with 

cardiovascular but also with non-cardiovascular agents [1, 2]. Although such cardiac events 

What Is Already Known About This Subject? 
 

Use of QT-prolonging drugs is associated with greater risk especially in women. Risk also 

increases with age and with plasma concentration. Because of lower body weight and 

missing adaptation on that, women are receiving drugs at higher concentrations. But there 

is no data whether mortality increases when these risk factors are simultaneously present. 
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are terminating in most cases spontaneously, they also may degenerate into ventricular 

fibrillation and may subsequently end fatally. As such, mortality by sudden cardiac death 

increases when QTc interval is prolonged [3, 4] and when QT-prolonging drugs are used [5, 

6]. But, although only few cases of short-long-short coupled beats with a long QT are 

producing TdP, the pro-arrhythmic potential may be dangerous, even when TdP is not 

observed [7]. As such, length of QT interval was not only a harbinger for ventricular 

arrhythmias and sudden death in adult Nigerians with heart failure [8]; it has also prognostic 

relevance in general. This is underlined by QT prolongation in dilated cardiomyopathy that 

was associated with increased risk for sudden death [9]. Likewise, in end-stage renal disease, 

QT prolongation was an independent predictor of mortality [10]. 

Therefore, abnormal QTc prolongation is graded as an independent risk factor for sudden 

cardiac death [11]. As such, even QTc-affecting drugs can be predictors of sudden cardiac 

death [12]. Accordingly to extent, Freeman et al. evaluated the pharmacoepidemiology of QT 

interval-prolonging drugs in the critically ill [13]. They found that the administration of 

mainly amiodarone, haloperidol and/or levofloxacin during the ICU stay was performed in 

mean by 53.1 %. Remarkably, when these drugs were co-administered (18.6 %) this was 

accompanied by higher ICU mortality and longer ICU stay (both p <0.001). Therefore, we 

have to consider that the use of such drugs is not negligible for outcome. 

Furthermore, despite the lower risk to sudden cardiac death overall [14-16], women have 

specifically longer QTc intervals [16, 17]. According to this difference of 10 to 20 msec, that 

was already identified in 1920 [18], women are at a doubled risk of acquired long QT 

syndrome by several anti-arrhythmic [19, 20] and non-anti-arrhythmic drugs [21, 22]. 

Therefore, the risk of pro-arrhythmia is more relevant in women, especially in the elderly [23, 

24]; otherwise, case-fatality rates and mortality in sepsis generally increased with age [25]. 

Conversely to patients with coronary artery disease, where women were less likely to 

experience ventricular tachycardia and fibrillation than men (34 vs. 52%, p = 0.01) [26], 

additional complications induced by QT prolongation become more important in elderly 

women than in elderly men [17, 27]. The observed preponderance of drug-induced TdP in 

females amounts to about 70 %, overall [28] and by antibiotics [29] and systemic antifungal 

agents as well [30]. This prevalence is explained by a gender-specific prolonged QTc interval 

to missing testosterone influence [31, 32]. Therefore, women are thought to be more 

endangered than men by themselves [33, 34]. 

But it is also reported that drug-induced QT interval prolongation is dependent on 

concentration in tissue and plasma [35, 36]. Because of generally lower body mass in women, 

higher drug concentration as well as more prolonged QT intervals must be expected when 

doses are not adequately adjusted on body weight [35, 37]. This might be important in the use 

e.g. of macrolides and fluoroquinolones [38, 39]; but also azole antimycotics are prolonging 

the QT interval [39, 40]. Higher drug concentrations are often found in accordance to excess 

of guided doses and/or as consequence to impairment of elimination or metabolism [37], and 

were more often ascertained in females [41, 42]. 

Considering that impaired renal and hepatic function in older age will additionally lead to 

increased concentration of drugs and to increased risk of TdP, also the mean area under 

concentration-time-curves (AUCs) of ciprofloxacin or ofloxacin was elevated by a factor of 3 

in geriatric patients when was compared to young healthy subjects [43]. Statistically 

significant increases of some pharmacokinetic parameters were also achieved in critically ill 

patients when multiple doses of intravenous levofloxacin were administered [44]. Because 
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metabolism is reduced in the elderly and women are of less body weight, gender peculiarities 

are not really surprising, especially because an adjustment of dosage to body weight and to 

age is not recommended in customary therapy guidelines. Thus, there is the main question 

that is still not answered, whether the mentioned complications can be generally more 

referred to higher age or gender or if there is a greater problem in finding the right dosage. 

Furthermore, in reviews reported, more or less redundantly, TdP are dangerous because 

they may degenerate to therapy refractory ventricular fibrillation [1, 2, 34]. Simultaneously, 

one work about cardiac arrest under QTc-prolonging drugs is published that such ―typical‖ 

events are relatively scarce [36]. Exact figures on that could not be given in this retrospective 

study; instead of e.g. the number of arrhythmic episodes is reported as a confounder. 

In a recently published work (2011), we now can assume that not only TdP but also 

arrhythmias under QT prolongation per se should be clinically relevant. Birati et al. [45] 

found 874 QT-related extrasystoles or impending TdP on ascertained 151 TdP episodes. On 

this a greater part of arrhythmias must certainly be added when TdP are seen. If this result 

will be confirmed in further investigations we should perhaps classify the arrhythmic episodes 

as relevant complications for themselves. The basic problem is that all investigations on QTc 

prolongation to our knowledge are concluding from the figure of TdP tachycardia on 

mortality and are not conversely analyzing the directly circumstances under QT prolongation 

that are leading to death. 

Another hurdle is the different expression of single agents on the duration of the QT 

interval [2, 23, 34]. Furthermore, there is an additional effect when more than one agent with 

QTc prolongation is used [13], and the situation will become complicated if such substances 

are competing with others of the cytochrome P450 system [46-48]. In increasing 

multimorbidity, this is not easy to survey. Because of this, repeated QT monitoring should be 

used for safety [49], also because concentration measurement of relevant agents cannot be 

realized in time. Whether and in what extent a regime of antibiotic therapy or the dosage 

should be changed in the case of a more or less QTc interval prolongation is an open question. 

Surely 450 msec in men and 470 msec in women should not be exceeded [33]. But we have to 

consider that the number of antibiotic agents is limited and the dose must be appropriate for 

good outcome in sepsis [50-53]. 

Despite consensus about higher incidences of severe bacterial infection in men [54, 55], 

there is controversy on its relation to mortality [56, 57]. Whether such published sex 

differences are the result of differential response to therapy or must be rather referred to other 

confounding factors is widely unknown. In most reports there is no detailed information on 

the use of type of antibiotics, not to mention diversity of doses or concentrations in different 

compartments. Considering that women have been underrepresented in prior clinical 

pharmacological trials and body weight is lower in comparison to men, the ―one-size-fits-all‖ 

conception may lead to an inappropriate concentration in sepsis [58]; furthermore, such 

remarks are focusing more on obesity than on leanness [59-61]. Thus, it cannot be excluded 

that the recommended doses, which are explored in relatively young males, would possibly 

lead to overdoses if were transferred to females with relatively lower body weight. This gap 

in drug safety could be most relevant in age and in severe illness. 

Data is scarce as to whether treatment with QT interval prolonging drugs in women is not 

only leading to greater extent of TdP tachycardia but is also linked to higher mortality [62]; 

differentiating results on age and body weight are not available. On this topic, a controlled 

prospective study is desirable but can hardly be conducted in this concern. For example, how 
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and on what evidence an arm of comparison could be defined? It is justifiable to advise 

women with lower body weight for such study by the prior existing information? Can a 

positive vote of the ethic committee be expected when a major part of the septic patients are 

not able to give consent? Therefore, the way of conducting a controlled trial is not practicable 

in this case and for quality assessment of therapy we must elude on observational studies. 

But this matter is not unimportant and could be especially relevant in severe bacterial 

infections when patients are concerned that they are marginally to survive and therefore, even 

little effects may be expressed in hard end-points. Because these patients must be often 

treated with e.g. macrolides, fluoroquinolones and azole antimycotics, we focused on the 

question whether elderly lean women with severe bacterial infections were relevantly more 

endangered when receiving QT interval-prolonging drugs. We assumed that this cardinal 

question could be already answered in relatively small patient size if critically ill patients with 

little repolarization reserve will be examined. 

 

 

FURTHER DETAILED RESULTS 
 

 

 

 

 

 

 

 

In a prospective one year clinical observation [63], we investigated all 204 ICU patients 

(78 f / 126 m, 61.1±16.1 ys) with severe bacterial infections (Mortality Probability Model II0 

[64] 49.1±28 %). Evaluation of data focused mainly on women using men as relative 

controls. Primary cardiac patients and stroke patients without need of mechanical respiration 

were not participating because of separated clinical competence. Selection of antibiotics 

(imipenem/cilastatin, aminoglycosides, cephalosporines, fluoroquinolones, macrolides, 

ampicillin/sulbactam, piperacillin/tazobactam and/or vancomycin) as well as the dosage was 

performed according to customary guidelines [65-68]; similar held for the antimycotic 

addition conducted mainly with fluconazole. 

As such, dosage was adjusted on renal or hepatic function if necessary, but an individual 

adaptation on gender, age or body weight is not recommended in general. Only level control 

was conducted on aminoglycosides and vancomycin [69]. Despite this minor individual 

adjustment, we found that the outcome is mainly dependent from antibiotic response of the 

immediately induced therapy. This antimicrobial effect was monitored by a continuously 

decreasing CRP. By the missing CRP decrease or by CRP re-increase during therapy, the 

regime was changed; for it was shown in other investigations that a continuous and sustained 

CRP decrease was clearly leading to a better outcome [70, 71]. An alteration of therapy, 

basically to ascertain prolongation of QTc interval, was not performed. 

At admission and during therapy, numerous parameters were prospectively evaluated 

(e.g. age, gender, severity of illness on Mortality Probability Model II at admission (MPM 

II0), number of impaired organs, body weight at admission, medication). ECG data as well as 

What This Investigation Adds 
 

This study on 204 ICU patients with severe bacterial infections shows that age, QT-

prolonging drugs and lower body weight are additionally increasing the mortality in 

women. This relationship has minor relevance in comparable critically ill men. 
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arrhythmia protocols existed for retrospective analysis. Further it was shown that pathogen 

detection in a therapy course is a risk factor per se. In non-sufficient therapy, an induced 

resistance can be assumed. 

 

Table 1. Directly QT interval-prolonging drugs used in the study population 

 

Macrolides erythromycin, clarithromycin, azithromycin 

Fluoroquinolones levofloxacin, ciprofloxacin 

Antimycotic 

azoles 
fluconazole, ketoconazole (once) 

Others 

sporadically 

sotalol, amiodarone, haloperidol, amitriptyline, valproinate, 

amantadine 

 

In the therapy course, not only QT-prolonging antibiotics but also other drugs were 

administered which may prolong QTc interval directly [37, 72] (s. Table 1). Remarkably, in 

contrast to levofloxacin [73], ciprofloxacin was widely excluded from QT prolongation [37, 

72], but meanwhile, several reports gave hints that acquired long QT syndrome may also 

occur under ciprofloxacin [74-76]. Although the risk by ciprofloxacin in comparison to 

macrolides or levofloxacin was found to be lower [23, 38, 77], regarding to our study, it must 

be considered that ciprofloxacin was administered for days at up to 800 mg/day by short-

infusion. 

As such, in our investigation, self-terminating TdP occurred clearly in two patients during 

ciprofloxacin or ciprofloxacin/fluconazole treatment whereas we could ascertain this special 

form of arrhythmia altogether only in eight cases. Both patients died after diverse arrhythmic 

episodes either caused by ventricular fibrillation (m, 29 ys, 45 kg body weight, QTc 517 

msec) or followed by an acute cerebral infarction (f, 77 ys, 72 kg body weight, QTc 595 

msec). In another case, persistent fibrillation occurred after azithromycin/fluconazol 

administration, but ciprofloxacin was also given before (f, 70 ys, 57 kg, QTc 622 msec). 

In the choice of antimicrobial treatment, no gender-related selection was performed. 

Potassium and magnesium in plasma were held in high therapeutic concentration because pro-

arrhythmic effects are favored by alterations of electrolytes, especially by reduced K
+
 und 

Mg
2+

 levels [49]. Body weight was ascertained immediately after admission and the ECG was 

performed at least once a day in the morning. QT interval measured by lead II was corrected 

by division of square root of the RR interval (Bazett´s formula) [78]. For evaluation of drug-

associated effects, we used the morning ECG in the middle of therapy in the ICU because, in 

general, at this time, therapy was maximal and possible measuring of pre-final effects like 

acute stroke [79] or end-stage renal disease [80] was widely avoided. 

The outcome results were differentiated to age, body weight and therapy with QT-

prolonging drugs (mainly in the ICU, but also shortly before admission and/or afterwards 

until discharge or death). Cut-off for QT-prolonging drugs was therapy of ≥48 hs because 

there are clinical results that after initiation of at least 2 days, the QT interval was 

impressively prolonged by roxithromycin [81] and more than 55% of quinidine-induced 

torsades could be identified [82]. Regarding the assessment of clinical relevance, we looked 

especially for the occurrence of ventricular arrhythmias (ventricular extrasystoles, couplets, 

triplets, salves, ventricular tachycardia, R on T phenomenon), eventually degenerating to 

fibrillation. 
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As expected from the literature we noticed (s. Table 2) that incidence of severe bacterial 

infection in men was higher than in women (61.8% vs. 38.2%, p = 0.01) [56, 57]. This gender 

relation was significantly different from that would be expected on normal population [83] 

(p=0.005). In differentiating analysis, the discrepancy of male preponderance could be shown 

in patients ≥45–59 years (p = 0.041) and even in patients ≥60 years (61.5 %), although there 

is a greater part of females (58.3 %) in the general population (p = 0.002). 

By the comparative basic data on age, severity of illness etc. the gender-specific mortality 

was striking. Despite that there was no significantly different mortality found overall (30.2% 

in men and 41% in women, p = 0.11) [63], mortality only in women increased significantly 

with age (18-44 vs. ≥ 60 ys; p = 0.008) and was greater in women than in men when patients 

were ≥60 years old (p = 0.047). In other words, the incidence of severe bacterial infarction 

was higher in men than could be expected from statistical data (especially in the age ≥60 

years; p = 0.002), and conversely, women ≥60 years were at greater risk to die when were 

treated on severe bacterial infection. 

 

Table 2. Gender-specific results of all 204 patients in differentiation to survival or not 

 

 Females p Males p 

N 78 (38.2 %) 
 

126 (61.8 %) 
0.005 

N expected on normal population 106 (52 %) 98 (48 %) 

 Survivors Non-survivors  Survivors Non-survivors  

N 46 32  88 38 
0.11 

In-hospital mortality 41 %  30.2 % 

Age [years] 60.8 ± 17  61.2 ± 15.5 n. s. 

Age [years] 55.1 ± 16,5 69.1 ± 14.3 < 0.001 59.5 ± 15.5 65.1 ± 15 0.06 

MPM II0 47.9 ± 27.7 %  49.9 ± 28.3 % n. s. 

Standardized Mortality Ratio 

(SMR) 
0.856  0.605 n. s. 

MPM II0 38.2±24.3 % 61.8±26.7 % < 0.001 45.8±28.1 % 59.3±26.8 % 0.013 

SIRS criteria ≥ 2 in 1st 24 hs on 

ICU 
65.4 %  61.1 % n. s. 

Co-morbidity at admission  

[n of impaired organs] 
3.22 ± 1.32  3.34 ± 1.11 n. s. 

Co-morbidity at admission 

[n of impaired organs] 
2.8 ± 1.24 3.81 ± 1.2 0.006 3.17 ± 1.13 3.73 ± 0,98 0.048 

Initial cardiovascular impairment 57.7 %  65.9 % n. s. 

Initial cardiovascular impairment 45.7 % 75 % 0.006 59.1 % 81.6 % 0.015 

Body Mass Index [kg/m²] 26.4 ± 6.4  25.7 ± 4.3 n. s. 

Body Mass Index [kg/m²] 27.5 ± 6.3 24.9 ± 6.3 0.098 25.8 ± 4.2 25.1 ± 4.7 n. s. 

Body weight [kg] 72.4 ± 18.5  79 ± 15.3 0.008 

Body weight [kg] 76.9 ± 19 66 ± 15.9 0.009 79.7 ± 15.1 76.8 ± 15.8 n. s. 

Body length [m] 1.66 ± 0.08  1.75 ± 0.12 < 0.001 

Body length [m] 1.68 ± 0.06 1.63 ± 0.06 0.005 1.75 ± 0.13 1.74 ± 0.09 n. s. 

Initial antibiotic therapy with CRP 

decrease 
48.7 %  54 % n. s. 

Initial antibiotic therapy with CRP 

decrease 
69.6 % 18.8 % < 0.001 68.2 % 21.1 % <0.001 

No evaluable ECG 21.7 % 31.3 % n. s. 27.3 % 28.9 % n. s. 

QTc interval at admission [msec] 446 ± 24 449 ± 40 n. s. 430 ± 31 439 ± 38 n. s. 

QTc interval in ICU middle 

[msec] 
442 ± 26 467 ± 42 0.014 435 ± 32 444 ± 36 n. s. 
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Table 2. (Continued) 

 

 Females p Males p 

Δ QTc [msec] - 4 ± 22 + 18 ± 25 0.001 + 5 ± 31 + 6 ± 36 n. s. 

QT-prolonging drugs 48 hs 

50 (64.1 %)  83 (65.9 %) n. s. 

24 (52.2 %) 26 (81.3 %) 0.008 54 (61.4 %) 29 (76.3 %) 0.1 

OR (95% CI) females: 2,01 (0,99–4,12) 0.053 

Ventricular arrhythmias (Lown 

≥2) under QT-prolonging drugs 

48 hs 

25 % 

(6/24) 

76,9 % 

(20/26) 
< 0.001 

29.6 % 

(16/54) 

58,6 % 

(17/29) 
0.01 

 OR (95% CI) females: 3,14 (1,004–9,8) 0.045 

Arrhythmia absoluta / atrial 

fibrillation under QT-prolonging 

drugs 48 hs 

20,8 % 

(5/24) 

69.2 % 

(18/26) 

 

< 0.001 

40.7 % 

(22/54) 

58.6 % 

(17/29) 
0.11 

OR (95% CI) females: 4,66 (1,44–15,1) 0.008 

< 60 years 25 8 
0.01 

41 13 
n. s. 

≥ 60 years 21 24 47 25 

< 60 years / QT-prolonging drugs 16 7 

n. s. 

19 8 

n. s. < 60 years / no QT-prolonging 

drugs 
9 1 22 5 

≥ 60 years / QT-prolonging drugs 8 19 

0.005 

35 21 

n. s. ≥ 60 years / no QT-prolonging 

drugs 
13 5 12 4 

 

For a description of possible risk differences in men and women, we used the Mortality 

Probability Model II at admission (MPM II0) [64]. This index gives us the risk to die in the 

hospital directly that can be expected for each patient. Taking the version on admission, the 

state was not or only influenced slightly by any therapy. Although the MPM II0 was already 

induced in 1993, it was recently shown that this index is still able to estimate the prognosis 

adequately [84]. On this, we calculated the Standardized Mortality Ratio (SMR). 

Regarding to gender specifics, basic severity of illness, age, MPM II0, and numbers of 

organ impaired are similar in women and men. Also, SMR of 0.856 in women vs. 0.605 in 

men shows no differences that reached a level of significance. But markedly, real mortality in 

men was much lower than the expected mortality (30.2 % vs. 49.9 %, p = 0.001) and this in 

contrast to women (41 % vs. 47.9 %, n.s.). Furthermore, the age, the MPM II0, and the extent 

of co-morbidity always discriminated on survival in women significantly and better than in 

men. As seen overall, several risk markers (age, severity of illness at admission, number of 

impaired organs) were discriminating between survival or not significantly in women but not 

in men. 

With respect to the constitution of the body, the Body Mass Index (BMI) was not able to 

discriminate between survival or not. Only a trend was found in women (p=0.098). By 

contrast, significant differences in women, who survived or not, were seen in body weight 

(and length as well). Lean women died more often than those with greater body weight 

(p=0.009; men n.s.). Although 55 ECGs (27%) could not be evaluated because of arrhythmia, 

AV block, bundle block, pacemaker or transplantation, QTc interval on available data under 

therapy was able to discriminate between survival or not in women (p = 0.014), and rather the 

development from admission (p = 0.001). The similar held for incidences of arrhythmias (p 

<0.001). In men, only ventricular arrhythmias were able to discriminate significantly between 

survival or not (p = 0.01). The QTc changes from the baseline are in accordance to greater 
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treatment by QT-prolonging drugs 48 hs in the subgroup of women who died in the hospital 
(p = 0.008). 

Remarkably, all of those facts are in contrast to antibiotic response. In this, as already 
mentioned above, no relevant differences were found between men and women. Continuous 
CRP decrease of initial therapy was achieved in 48.7 % in women and in 54 % in men (n.s.) 
and initial success was leading to lower mortality in both sexes (p <0.001). So the hypothesis 
arose first that men were perhaps more able to endure the conducted procedure than women at 
which all possibly important parameters until dialysis and mechanical respiration were 
comparable. 

And the fact that women, comparatively to men, exerted minor body length and minor 
body weight is not really surprising; but it could be relevant if concentrations were relatively 
high as a consequence from a non-adequately performed adaptation to body mass. This could 
be very important when agents are used that are prolonging the QTc interval. As such, 
likewise to mentioned severity of illness, e.g., similar was seen in QTc interval; in treated 
patients, especially, the QTc interval change from admission to maximal therapy had 
increased significantly when women died in the ICU (p <0.001) and not when men died (n.s.). 

QTc-prolonging drugs and lower body weight (lower body length as well) discriminated 
between survival and non-survival in women and this not in men. If we would suggest that in 
women a critical concentration of several agents will be reached, this could be further 
enhanced in age because then the metabolism rate is typically reduced in comparison to 
younger patients. As such, age was also more different in women who survived and those that 
did not. 

Taken these results together in Table 3, the independent risk factors in females with 
severe bacterial infections (1) age ≥60 years, (2) receiving QT-prolonging drugs and (3) lean 
body weight <73 kg (median) gave a clear connection when risk factors were combined 
(p<0.001). This result was in contrast to respective males (n.s.). The SMR in females ≥60 
years was 0.952 (mortality 53.3 %, MPM II0 56±24.3 %, n.s.) and 0.631 in respective males 
(mortality 34.7 %, MPM II0 55±27 %, p=0.012). 
 
Table 3. Risk factors * in females with severe bacterial infections (1) age ≥ 60 years, (2) 

QT-prolonging drugs ≥ 48 hs and (3) body weight < 73 kg in females (median) in 
comparison to males (body weight median 80 kg) 

 
  Risk factors * p (X2 test) 
 N 0 1 2 3 mean ± SD  
Female survivors 46 6 20 17 3 1.37 ± 0.8 

<0.001 
Female non-survivors 32 0 6 14 12 2.22 ± 0.74 
Male survivors 88 10 28 38 12 1.59 ± 0.87 

n. s. 
Male non-survivors 38 3 6 20 9 1.92 ± 0.85 

OR (95% CI) females   
0.85 (0.28–2.64) 
n. s. 

2.37 (1.13–4.98) 
p=0.022  

  

 
Data on Table 2 and 3 can be further interpreted that QT-prolonging drugs seemed to 

have no gender-specific influence on mortality in patients <60 years, whereas one could 
expect from other studies, that outcome on cardiac adverse events should be better in women 
[14, 15, 85]. Conversely, in the age group ≥60 years, women were less often treated with QT-
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prolonging drugs than men (27/45 vs. 56/72; p = 0.04); but when treated with such drugs, 

they have significantly poorer outcomes than men (19/27 vs. 21/56; p = 0.005). The 

ascertained reduction of p-value in women from 0.01 (age only) over 0.005 (age and QTc 

prolonging medication) to <0.001 (age, QTc-prolonging medication and body weight) can be 

seen as an indicator that effects were more additive than were competing with each other. 

As such, females in direct comparison to men had a significantly greater risk to die if at 

least two risk factors were present (Odds Ratio = OR 2.37; 95% Confidence Interval = CI 

1.13-4.98; p=0.022). So we must consider that stronger QTc prolongation in women in our 

study was associated with less body weight. This was in contrast to a therapy without QT-

prolonging drugs [86,87] or to a QT-prolonging therapy with adequate body weight 

adaptation [88]. With ibutilide, independently from gender, it was shown that QTc duration 

and BMI correlated positively (and not negatively). 

TdP tachycardia by QT prolongation is mentioned as the main risk cause when 

degenerating to ventricular fibrillation [1, 2, 34]. But drug-induced TdP in observational 

studies were only found in little extent [36, 89]; also QTc prolongation alone was not very 

predictive for the rise of TdP [90]. Only 3.6% to 11% in critically ill patients were found on 

haloperidol use dependent from dosage [91]. In anti-arrhythmic drugs, up to 5% are published 

[92]. 

Analogously, 8 cases of TdP tachycardia (6 females, 2 males; p = 0.024) developed on 

133 QTc-prolonging applications (6%) in our study. In 7 of them, episodes were self-

terminating and only in one female patient (70 ys, 57 kg, QTc 622 msec, azithromycin/ 

ciprofloxacin/fluconazole), TdP tachycardia was degenerating into persistent ventricular 

fibrillation. In one of two male patients (29 ys, 45 kg, QTc 517 msec, 

ciprofloxacin/fluconazol), several episodes were first self-terminating, nevertheless, the 

patient died after 69 days of intensive care by ventricular fibrillation. Thus, such 

complications (1.5 %) cannot explain the mortality in our investigation. Also, in another 

recently published study on critical care patients (2012), only one of 154 patients died by 

cardiac arrest followed by TdP tachycardia [93]. 

But based upon our data, this should be different from QT prolongation and arrhythmia 

incidence or prevalence overall. As such, more arrhythmia absoluta by atrial fibrillation as 

well as much more ventricular arrhythmic episodes occurred under QTc-prolonging therapy 

[36, 94]. The frequency of arrhythmia absoluta / atrial fibrillation was 62/133 under QT-

prolonging therapy vs. 20/71 under non-QT-prolonging therapy (p = 0.01) and frequency of 

ventricular arrhythmias (Lown ≥2) was 59/133 under QT-prolonging therapy vs. 14/71 under 

non-QT-prolonging therapy (p <0.001). 

Although we must consider that supraventricular arrhythmias will be more often found in 

sepsis itself [95, 96] and otherwise the greater occurrence of ventricular arrhythmias may be 

referred to a more severe illness, the specific ability for discrimination only in women surely 

cannot be explained by a possibly different severity of illness. Similar counts for ascertained 

QTc intervals. Beyond of greater incidence/prevalence of arrhythmia absoluta and atrial 

fibrillation in non-surviving women who received QT interval-prolonging drugs (p <0.001), 

also premature ventricular complexes were more frequent under QT-prolonging drugs in non-

surviving female patients (p <0.001) and in minor extent in respective male patients (p = 

0.01). 
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Table 4. Causes of death on certificate of death and pathological finding (as far as 

available) differentiated a) to QTc prolonging drugs and b) to cardiac associability, 

females vs. males and overall 

 
 Females Males overall 

 

cardiac associated 

causes of death 

under QTc-

prolonging drugs  

1x ventricular fibrillation 

13x cardiovascular failure 

4x acute pulmonary embolism 

3x acute cerebral infarction 

1x acute mesenteric infarction 

22 

1x venticular fibrillation 

12x cardiovascular failure 

3x acute pulmonary embolism 

1x acute cerebral infarction 

17 39 

 

 

non-cardiac 

associated causes of 

death under QTc-

prolonging drugs 

 

 

2x subacute cerebral infarction 

1x multiorgan failure 

1x respiratory insufficiency 

 

 

4 

2x subacute cerebral infarction 

5x multiorgan failure 

3x respiratory insufficiency 

1x septic shock 

1x subacute cerebral hemorrhage 

12 16 

 OR (95% CI) females = 3.88 (1.06-14.2); p = 0.034  

cardiac associated 

causes of death 

under QTc-

prolonging drugs 

 

2x cardiovascular failure 

 

2 

 

2x cardiovascular failure 

 

2 

 

4 

non-cardiac 

associated causes of 

death under QTc-

prolonging drugs 

 

3x subacute cerebral infarction 

1x multiorgan failure 

4 

3x subacute cerebral infarction 

2x hepatorenal syndrome 

1x respiratory insufficiency 

1x subacute cerebral hemorrhage 

 

7 

 

11 

 OR (95% CI) females: 1.75 (0.17-17.68); n. s. 

OR (95% CI) QTc 

prolonging drugs: 

6.7 (1.86-24.2); 

p = 0.002 

 

Regarding to cause of death, the direct leading event in most cases was in accordance 

either to observed ventricular arrhythmias as a sign of cardiac impairment (cardiac shock, 

acute cardiovascular failure) or can be referred to the basical arrhythmic situation as a sign of 

an impending thromboembolic event (acute pulmonary embolism, acute cerebral insult, acute 

mesenteric infarction). Thus, such causes leading to death (s. Table 4) 1.) were more often 

ascertained under QTc-prolonging medication overall (OR (95% CI) = 6.7 (1.86-24.2); 

p=0.002) and 2.) were more often ascertained in females than males when they received 

respective drugs (OR (95% CI) = 3.88 (1.06-14.2); p=0.034). 

 

 

CONCLUSION AND OUTLOOK 
 

 

 

 

 

 

 
 

Overall mortality upon severe bacterial infection is still 30-70% [97]. Because inadequate 

initial therapy can be followed by nosocomial infection [98] and longer ICU stay [99], 

Consequences For The Practice 
 

The study results are in accordance with relative overdoses of QT-prolonging drugs in 

elderly lean women. Without sufficient adjustment, such agents should be rather avoided in 

respective patients if possible. QTc monitoring may lower the risk. 
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mortality increased in those patients significantly [100], especially in the elderly [101]. 

Therefore, an effective initial antibiotic therapy in adequate dosage is essential for good 

outcome [99]. A change of antimicrobial agents should be avoided if possible and should be 

only done in non-response. 

In our investigation, the incidence of severe bacterial infection that is widely independent 

from therapy or, respectively, the number of ICU admissions because of severe bacterial 

infection was higher in men (61.8 %). This is in accordance to the literature [56, 57]. This 

phenomenon may be, at least partly, due to different levels of anti-inflammation that are 

associated with different tones in the autonomic nervous system. In consideration of 

experimental results, that the parasympathetic part of the autonomic nervous system is not 

only influencing the homeostasis but also exerts an anti-inflammatory effect e.g. in infectious 

diseases [102, 103], gender-specific incidence could be explained by the different vagus 

determined inflammation. As such, in several investigations, it could be shown that especially 

premenopausal women are more vagal and men in respective age are more sympathetic 

influenced. In this, a decreased vagal tone [104, 105], or at least a relatively decreased vagal 

tone in middle aged men [85], will not only lead to more acute cardiac diseases but also to 

greater incidence of several inflammatory processes [106]. 

As such, the significantly lower rate of ICU admission in the subgroup women of 45-59 

years could be explained by consequence of a major vagus-derived anti-inflammation. 

Accordingly, lower levels of pro-inflammatory cytokines were found in younger women 

compared to respective men; but this difference was blurred by aging [107]. Nevertheless, in 

our subgroup analysis, even a discrepancy of male preponderance could be shown in patients 

≥60 years although on the ground of general population, a greater part of females should be 

expected (p = 0.002) [83]. 

In contrast, the gender-specific mortality discussed is controversial. In some studies, 

advantages in survival were ascertained for women [108, 109], but in others, advantages were 

seen in men [110-112]. Likewise we found discrepancies between male and female patients 

that cannot be explained either by sex-specific incidence or by severity of illness. Thus, age, 

MPM II0 and extent of co-morbidity discriminated better in women between survival or than 

in men, and moreover, always on the level of significance (s. Table 2). Conversely, no 

relevant differences were found in the response on antimicrobial therapy, and mortality also 

was not evidently different when data was evaluated overall. But in the analysis of subgroups, 

elderly women had poorer outcomes than men (p = 0.047). This could not be expected on the 

background of animal-experimental studies [113, 114] and on human studies as well [107]. 

But, remarkably, in those studies, no treatment with antimicrobial agents took place. 

Apart from the right choice of the antimicrobial agent it is not only important that therapy 

begins as soon as possible [115], but also that minor dosages are avoided in relevant 

compartments [116]. So, there is no doubt that severe bacterial infections must be treated with 

determination. But on our results must be additionally assumed that in several agents, relative 

overdoses may also lead to worse prognosis. This concerns elderly women with less body 

weight especially. 

Although the SMR of 0.856 in women vs. 0.605 in men was not significantly different 

overall, there is a clear trend in spite of comparable severity of illness at admission. As such, 

men in our study were more effectively treated – shown by the real mortality of 30.2% in 

comparison to that could be expected on ICU admission (49.9%; p = 0.001). The result on 

women was different; the worst SMR was ascertained in the subgroup of elderly women ≥60 
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years by 0.952 (men: 0.631). The discrepancy in gender increased further if only elderly 

patients are concerned that received QTc prolonging drugs (mortality in females = 70.4 % vs. 

mortality in males = 37.5 %; SMR = 1.211 vs. 0.682). But also the latter ratio of occurrence 

to expected hospital mortality in females shows that the therapeutic result was still on the 

level of normality. 16/27 fatal outcomes could be expected, 19/27 occurred (n.s.). Therefore, 

the otherwise good therapeutic effect in men cannot imagine that women were not adequately 

treated. An oversize of non-survival was not proved, even in elderly women receiving QT-

prolonging drugs. But the further increase of SMR should not be ignored if the body weight 

was below the median of 73 kg (1.322 by only 15 elderly lean women; n.s.). 

The extremely good outcome in men could be explained by the early induced and initially 

engaged conducted therapy that was done with a sufficiently high dosage [50, 51]. This is 

shown by the often ascertained sustained CRP decrease [70, 71]. But our results have also 

shown that the antibiotic response was very similar in women. This could mean that the 

antimicrobial result will be superposed by fatal adverse events in women. Whereas a ceiling 

effect in antibiotic aspect can be assumed, additional toxic effects may depend on relative 

overdoses. That this problem likely exists in function-impaired female patients is underlined 

by the clear dependence from the lower body weight. Therefore, the fundamental gender 

effect independent from body weight and dosage as was described e.g. for quinidine [117, 

118] should be minor relevant when antimicrobial therapy in the severe ill is performed. 

The ascertained differences in mortality in spite of comparable predispositions and 

comparable antibiotic response on the one hand and the remarkable findings upon QTc 

interval prolongation and less body weight on the other hand are fortifying the assumption 

that QT-prolonging drugs are not so harmless for several patients as is commonly estimated 

until now by the low occurrence of TdP tachycardia [36, 89-91]. In other words, we must 

consider that the often mentioned TdP regarding to QT-prolonging drugs [1, 2, 34] could not 

be the only cause for increased mortality risk. Thus, it is remarkable that more arrhythmia 

absoluta / atrial fibrillation as well as much more ventricular arrhyhtmic episodes occurred 

under QTc-prolonging therapy [36, 94]. 

The main problem on this topic is that the already published results are concluding on 

mortality from the rarely occurring figure of TdP tachycardia [119], but, except one by 

Pickham et al. (2012) [93], are not evaluating how much TdP tachycardia will be found when 

acutely ill patients unfortunately died. On the background of the also recently published work 

by Birati et al. (2011), where 151 TdP episodes simultaneously 874 QT-related extrasystoles 

(impending TdP) were seen [45], now it can be suggested that the occurence of full figure 

TdP is only a part of the problem. Accordingly, QTc prolongation and ventricular arrhythmias 

in other studies were associated with the arising of massive pulmonary embolism [120] or 

embolic cerebral infarction [121]. Supraventricular arrhythmias seem to be similarly relevant 

[122] but it must be mentioned that the new development of atrial fibrillation is also typical in 

the course of sepsis [95, 96]. 

In this sense, there is evidence that in severely ill patients, the increased occurrence of 

arrhythmias is leading to worse outcomes [123]. In our results, premature complexes in 

specific circumstances could be interpreted as an index of relevant cardiac failure [124] or as 

impendence of TdP [7, 45]. Especially ventricular complexes to Lown classification ≥2 are 

often prior signs of TdP and can be interpreted as an index of cardiac impairment that leads to 

higher mortality; the incidence of ventricular arrhythmias is associated with lower survival 

[125, 126]. Accordingly, the causes leading to death under QT-prolonging drugs could be 
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significantly more referred to a cardiac impairment and to a thrombembolic complication as 

well. Therefore, occurred arrhythmias, if they were not absolutely causal for fatal outcome, at 

least have had a relevant influence. This aspect should be clinically more relevant in severely 

ill women. 

With respect to the gender-specific outcome difference, nevertheless, the question is open 

whether the therapeutic results can be improved in respective endangered females. In this, we 

first must examine whether the concentrations of relevant drugs in plasma (perhaps also in 

different tissues) are relatively high in special patients, perhaps too high in older women with 

less body weight. Despite this assumption is plausible, there is also the possibility that the 

negative effect is dose-independent; this was described e.g. for quinidine [117, 118]. In any 

case, a differentiated criticism of antibiotic response by simultaneous evaluation of QTc-

prolongation should be performed. 

Unfortunately, regarding to respective conducted treatment, sufficient information is 

given only in single studies [127]. Although there are national peculiarities in therapy [128, 

129], most authors are neglecting possible relevant outcome effects by pharmacodynamics 

and kinetics of different drugs. In reflection to our results, Fowler et al. found similar links in 

Canadian critically ill patients [130], but Aldrie et al. found lower mortality in women than in 

men in France [109]. In the last, e.g. retail sales of oral antibiotics were almost three times 

higher than sales in Germany [128, 129]; but dosages of at least some antibiotics were lower 

in France than in Germany [131, 132]. Furthermore, intravenous application was conducted 

more in Germany [127]. Beyond this, the state of antibiotics resistance in France was, at least 

partly, more disadvantageous [129, 133]. This could perhaps mean that higher dosages in 

Germany would possibly eliminate the initial pathogen more sufficiently and, therefore, the 

development of resistance would be more avoided. 

Further in an epic study, obesity was associated with increased total mortality in both 

men and women independently from age. But also people with BMI in the low–normal range 

(18.5−22.5 kg/m
2
) have an increased risk of death in comparison to individuals with BMI 

between 27.5 and 30 kg/m
2
 [134]. Accordingly, several other population studies have 

demonstrated a U-shaped relationship between BMI and mortality, suggesting that mortality 

increased at both extremes of body weight [135, 136]. Conversely, systematic reviews on 

intensive care patients have shown that remarkably low–normal BMI values and not obesity 

was associated with higher in-hospital mortality [137, 138]. 

For the question why such people have higher mortality, there are several potential 

explanations. One is that fat storage might serve as a resource that people with low–normal 

BMI do not have. This could be protective in individuals when exposed to acute diseases. As 

such, heart rate variability as a marker of autonomic function and electrophysiologic stability 

as well, was reduced in relatively underweight and rather more in undernourished subjects 

[139]. But the results on body constitution and outcome are not always consistent. 

Remarkably, there were e.g. two French studies in that obesity was a risk factor even in 

critical patients [140, 141]. 

Overall, the influence of BMI on morbidity and mortality in critically ill patients is still 

controversial, especially because the analysis of gender is not expressively performed. But the 

striking findings could be possibly resolved if we would assume that in calculation of BMI, 

lower body weight is partly equalized and therefore concealed by lower body length. This 

may be important if the body constitution is not the only relevant parameter, but perhaps also 

a drug overdose. This might be overlooked especially in women, because women have been 
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underrepresented in prior clinical pharmacological trials and usually dosages are explored in 

relatively young males. 

Thus, in contrast to men, QTc interval measurement under therapy was able to 

discriminate between survival and non-survival only in women (p = 0.014), and rather the 

development from admission (p = 0.001). These changes are in accordance to treatment with 

QT-prolonging drugs in women who died in the hospital (p = 0.008). A similar relation is 

missing in men. Taking together, these figures harmonize with the assumption that women, 

especially with less body weight, would usually get drugs in doses that lead to gender-specific 

and possibly higher plasma [35, 37] and tissue concentrations [142]. 

Supposing that attained concentrations of relevant drugs are relative high in women 

without dose adjustment, theoretically, it must be considered that in centers where antibiotics 

are generally administered lower, another result is possible if no adjustment to body weight 

takes place. In that case, levels of antibiotics could be too low especially in overweight men 

[59-61]. In consequence, the gender-specific result will first change to the opposite and 

second, the situation of resistance will become worse. Accordingly, the mentioned 

multicenter study by Adrie et al. with the better outcome for women is based on French data 

exclusively [109]. The better therapeutic result in females, the unfavorable situation in 

resistance, and the poorer outcome by greater BMI would be in accordance with a lower use 

of antibiotic agents that is hinted in the literature. But for getting comparable and conclusive 

results, more exact inquiries on use and concentration of relevant drugs must be done first. 

Apart from this theoretical aspect in any case, patients must be identified that are most 

endangered [143]. In valuation of antibiotic therapy, not only the aspect of desirable 

antimicrobial effects in reflection to development of resistance must be considered, but also 

the side effects that may happen e.g. in dependence on gender. In published works, an 

existing QTc length of more than 500 msec [22, 144], but also a QTc prolongation of more 

than 60 msec under therapy can indicate the increase of pro-arrhythmogenic risk [144, 145]. 

Thus, one should avoid QT-prolonging drugs if possible, if the patient has a prolonged QTc 

interval of >450 msec in men and >460 msec in women [39, 146]. Our data can suggest that 

QTc monitoring in women has greater importance than in men. 

Because women have lower repolarization reserve per se [147, 148], they are more 

endangered [149]. If then no adaptation to gender or body weight is recommended in 

antimicrobial therapy, it can be supposed that the risk increased with age because of higher 

concentrations in plasma and tissue. Apart from the fact that gender-specific pathophysiologic 

differences in ventricular repolarization should lead to more precaution if females must be 

treated with QT-prolonging drugs, our results suggest that adaption on low body weight has 

been performed insufficiently until now. On that, we must assume that this is not leading to 

only widely benign arrhythmia but is also associated with greater danger to life. 

In consideration that an impaired renal and hepatic function in age and in critical illness 

will further lead to higher concentrations in plasma and tissue, the ascertained results are in 

accordance with the assumption of higher concentration in women [35,42]. Missing 

adjustment e.g. on body weight could become relevant if patients are severely ill and 

therefore are still possessing only little reserves for compensation. But in contrast to elderly 

women, QT-prolonging drugs in females <60 years seemed to be well tolerated. At least in 

comparison to critically ill males, no elevated risk was detected. But the question is further 

open because typically men are cardiac more endangered [14, 15, 85]. 
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Regarding to QT-prolonging, not only an additional effect can be induced by respective 

substances, but also interactions in the cytochrome P450 system [46-48] as well as alterations 

of protein binding or concentration of free agent may be relevant. Changes in electrolytes and 

organ dysfunction in critical ill patients should also play an important role [21, 37]. As such, 

by impairment of elimination or metabolism, an adaption of dose is needed and dosages on 

recommendations should be monitored. In any case, the application of more than one QT-

prolonging agent should be avoided if possible [13, 33]. Care is also required if drugs are 

combined that are competing with the main metabolism pathway of cytochrome P450 system 

[46-48]. 

But from our results, it cannot be concluded that the respective drugs should not used in 

women in general. At the present state of knowledge, one perhaps should try to avoid QTc-

prolonging drugs, especially antibiotics in elderly lean women, during usually performed 

changes of antimicrobial agents. Also, ECG/QT monitoring should be routinely conducted in 

the therapy course to get some more information about the generating risk of cardiac 

arrhythmias and sudden cardiac death [144, 150]. This could be most important because 

concentrations in the infectious relevant tissue may be different from the regulating 

compartment (brain, heart) [142]. 

From our data, it can also be assumed that women are favored against multi-organ failure 

by bacterial infection in general; but this advantage could be at least partly diminished by 

non-optimal therapy. If this is due to inadequate doses of antimicrobials with a narrow toxic-

therapeutic window, a dosage adjustment based on plasma and tissue concentration should be 

performed; but this question must be answered in further investigation. Now we have to 

consider whether QT-prolonging agents in endangered women should be rather replaced 

during cycling of antimicrobial agents [151]; in this gender, it should be a factor for decision. 
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