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Abstract 
Background: In a malaria-holoendemic region, concurrent malaria complicating heart failure (HF) occurs; with higher 
morbidity and increased adverse drug-drug interactions. 

Aim: To characterise malaria treatment and risk factors of cardio-toxicity among HF patients.  

Objectives: To characterise the use of anti-malaria agents (AMA), compare risk factors of torsades de pointes (TdP) 
amongst AMA-users and non-users, and to assess length of hospital stay. 

Methods: Admitted HF patients were retrospectively studied, and grouped on the basis of malaria treatment. TdP risk 
factors- advanced age, bradycardia, hypokalemia, and QTc prolongation were compared in the two groups. 

Results: The 160 HF patients (mean ejection fraction 39.6% ± 12.6%, mean age 54.9 ± 14.6 years) included 82 males 
(51.3%), with predominant non-ischemic HF. Malaria treatment occurred in 32.5% (52), though diagnosis was 
presumptive in 48 (92.3%). All (100%) malaria prescriptions were artemisinin-based, but monotherapeutic in 6 (11.4%). 
Partner-drugs included sulphadoxine-pyrimethamine (SP) 26 (50%), and lumefantrine 7 (13.5%). TdP risk-factors of  
age 65 years, prolonged QTc, hypokalemia, and bradycardia occurred in 43 (26.9%), 63 (39.4%), 48 (30%), and 8  
(5.0%) respectively. Group 1 (AMA treated) and group 2 patients were comparable on all mean values of risk factors. 
Nevertheless, affected proportions were significantly different for hypokalemia (X2 = 6.1), QTc prolongation (48.1% 
versus 35.2%, p < .05), and older age (38.5% versus, 21.3%, p < .05%). 

Conclusion: Though all HF patients similarly demonstrated risks of TdP, univariate analysis indicates a significantly 
higher proportion in malaria-treated patients; supporting further therapeutic caution in this patient subset. 
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1 Introduction 
Heart failure (HF) is a public health issue globally, with an alarming increase in prevalence and poor prognosis despite 

advances in management strategies [1-3]. Heart failure has been described as a final pathway of all cardiac diseases, with a 
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progressive and irreversible course [1, 2]. Land-mark studies have demonstrated improved long-term survival in HF, using 

certain pharmacological drug classes, such as angiotensin converting enzyme inhibitors, angiotensin receptor blockers, 

beta blockers and aldosterone antagonists [1, 2]. Thus current HF treatment guidelines recommend these drug classes in 

step-wise combinations, with consequent poly-pharmacy. HF patients could easily have up to five different medications on 

their prescriptions [4, 5]. Sudden arrhythmic death may occur in HF through diverse mechanisms including ventricular 

tachycardia (VT), especially of the torsades de pointes (TdP) variety [6]. Some known torsadogenic risk factors include, but 

are not limited to female gender, hypokalemia, ECG QTc prolongation and advanced age [7]. Organic heart disease and HF 

are also associated with QT prolongation [7], and such findings have been documented in HF patients in Nigeria [8, 9], and 

elsewhere [1, 2]. Furthermore, the presence of multiple drug use; even for appropriate indications could predispose such 

patients to cardiotoxicity and adverse outcomes [7, 10]. 

In the tropics or in a malariousholoendemic area, HF patients could easily suffer concurrent malaria infection, with further 

need for additional malaria treatment. Currently, the treatment strategy of uncomplicated malaria in Africa is artemisinin- 

based treatment with a combination of anti-malaria agents. Such clinical situations are thus fraught with multiple though 

required medications or poly-pharmacy; which further expose such patients to complex drug regimens and increased  

risk of cardiotoxicity [5, 7, 10]. Concerning HF patients, the important malaria drug adverse effects will include further 

cardiac depressant effects of drugs like mefloquine [11], hypotension with 4-aminoquinolines [12], conduction defects with 

quinine, and quinidine [10, 13], or overt arrhythmias with halofantrine; which may result in sudden cardiac death [12-14].  

A “pharmacologically volatile” clinical situation arises as malaria continues to be an acute health menace in high 

transmission areas; and prevalence of HF continues to increase [1, 2]. These potential interactions are a real clinical concern. 

Although these two conditions are common in our community [5, 8, 9], the challenges of such combined antimalaria 

treatment in HF patients have so far received little research attention. 

Thus, the purpose of this study was to investigate the cardio-safety profile of admitted HF patients and the pattern and 

treatment of malaria in a tertiary health facility in Lagos. The specific objectives were: (1) to identify risk-factors for lethal 

arrhythmia of TdP; including prolonged corrected QT (QTc), and hypokalemia, (2) to determine the frequency of malaria 

infection, and (3) to identify types of anti-malaria agents (AMA) prescribed in HF.  

2 Methods 
Study location was the Lagos University Teaching Hospital (LUTH), Lagos; one of the two university-based tertiary 

health facilities in Lagos State, Nigeria. Ethical clearance for the study was obtained from the LUTH ethical committee. 

2.1 Design 
The study is a retrospective review of admitted HF patients; with a prospective evaluation of the ECG-QTc. With the help 

of the Records Department of the Institution, we obtained case-notes of all adult patients who were admitted into the 

medical wards with a diagnosis of HF, from January 1, 2010 to June 30, 2011. Our selection criteria were: adult patients - 

aged ≥ 18 years; availability of admission 12-lead ECG, admission blood biochemistry results, and echocardiography 

results. Case ascertainment for acute heart failure was the evidence of diagnosis made by unit senior registrar or consultant 

and evidence of management for HF [5]. The presence of HF was based on Framingham criteria [5, 15]. Aetiology of 

underlying cardiac disease was based on clinical diagnosis as well as echocardiographic evidence. Majority of HF  

patients of our hospital have echocardiograms before discharge [5]. Exclusion criteria were: unavailability of requisite 

investigations, such as ECG, echocardiography or admission blood biochemistry reports. Other exclusion criteria were 

presence of clinical or laboratory data consistent with severe malaria, such as coma, severe anaemia [12, 16]; and ECG 

features that disallow accurate QTc calculation, such as atrial fibrillation, left bundle branch block, and right bundle 

branch block [8, 9]. 
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2.2 Malaria diagnosis 
(1) Evidence of plasmodium species parasitological diagnosis was by microscopy or rapid diagnostic tests [16].  

(2) Presumptive/suspected malaria diagnosis was based on prescription of anti-malaria agents [16, 17]. 

2.3 Medication analysis 
World Health Organization (WHO) - designed proforma for rational drug use in chronic conditions was used. Use of this 

proforma requires a minimum of one hundred case-notes for useful data and valid conclusions (Source: World Health 

Organization Collaborating Centre for Drug Statistics Methodology). 

We modified the proforma by excluding drug doses and duration of treatment. One of the investigators CAB – a 

postgraduate clinical pharmacist abstracted all data from the identified case-notes, using study inclusion and exclusion 

criteria. Study data abstracted included age, sex, aetiology of heart failure, number of cardiovascular drugs, treatment with 

AMA, and parasitological confirmation of malaria diagnosis. Selected risk-factors for TdP were advanced age, defined as 

≥ 65 years; bradycardia, defined as ECG heart rate < 60 per minute; low serum potassium, defined as blood potassium  

≤ 3.0 mmol/L, ECG prolonged corrected QT interval (QTc) in males and females. Prolonged QTc was taken as 450 ms in 

men and 470 ms in women [18, 19]. 

The electrocardiogram (ECG) used for QTc calculation was a routine admission standard 12-lead simultaneous tracing and 

a lead II rhythm strip (at a paper speed of 25 mm/sec and standard setting). A minimum of three cardiac cycles were 

recorded for each lead. One of us - CAB also prospectively calculated the QT interval and the corrected QT (QTc); using 

the manual eye-ball/calliper method [18, 19]. The QT interval was measured from beginning of QRS complex to the end of 

the T-wave offset in leads II and V5, using three consecutive cardiac cycles, and their average values. The obtained QT 

interval was corrected for heart rate, by using the Bazett’s formula, as follows: QTc = QT/(RR)1/2 [9, 18, 19]. The values were 

recorded in milliseconds. 

2.4 Study operative terms 
 “Advanced age” was defined as age ≥ 65 years; 

 Hypokalemia defined as serum potassium of ≤ 3 mmol/L; 

 Abnormal QTc: males- ≥ 450 ms; women- ≥ 470 ms; 

 Bradycardia: heart rate < 60 beats per minute; 

 Group 1: HF patients with prescription of AMA; 

 Group 2: HF patients without AMA; 

 Artemisinin-based treatment: prescription with artemether, artesunate, dihydroartemisinin, paluther; 

 Partner drugs: other antimalaria agents combined with artemisinin agents, e.g., sulphadoxine-pyrimethamine 

(SP), lumefantrine, piperaquine, amodiaquine, etc [16]. 

2.5 Statistical analysis 
Data obtained were documented in a proforma designed for the study and analysed using Epi-Info software version 3.51. 

Continuous parameters were recorded as means ± SD. Descriptive data were given in numbers and percentages. Group 

comparison was based on presence and absence of anti-malaria treatment/prescription in groups 1 and 2, using Student’s 

T-test or Chi-square analysis, where necessary. 
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3 Results 
The 160 HF patients consisted of 82 males (51.3%), 78 females (48.7%), having an average ejection fraction of 39.6 ± 

12.6%. HF aetiologies were predominantly non-ischemic. Table 1 summarised patients’ general characteristics, showing 

that their mean age was 54.9 ± 14.6 years and the two chief underlying causes (> 80%) were hypertensive heart disease and 

dilated cardiomyopathy. Systolic blood pressure > 140 mmHg was noted in 68 (43%); while five was the median number 

of anti-HF and other cardiovascular medications. Figure 1 and Table 2 demonstrated that different individual risk factors 

of TdP occurred in 5%-48% of the patients; with hypokalemia and QTc prolongation occurring respectively in more than 

one-third of the total. 

Table 1. General characteristics of the admitted acute heart failure patients 

Parameters Numbers (percentages); Means ± SD 

Age (years) 54.9 ± 14.6 

Gender: males (%) 82 (51.7) 

Heart rate beats/min 96.0 ± 19.6 

SBP > 140 mmHg (%) 68 (42.5) 

Aetiology: HHD/DCM/Others (%) 86 (53.8) / 60 (37.5) / 14 (8.75) 

Ejection fraction “EF” 39.6 ± 12.6 

Preserved ejection fraction (%) 34 (21.3) 

Blood potassium (mmol/L) 3.9 ± 1.2 

QTc ms 469 ± 79 

Median length of hospital stay (days) 16.5 

Malaria treated (%) 52 (32.5) 

Number CV medications 4.74 ± 1.0 

Note. SBP = systolic blood pressure; HHD = hypertensive heart disease; DCM = dilated cardiomyopathy; QTc = electrocardiograhic corrected QT 
interval. 

Figure 1. Distribution of torsadogenic risk 
factors in the total study population 

Table 2. Risk factors of torsades de pointes in the study population 

Parameter (%) N (%) 

Female gender (%) 78 (48.7) 

Age 65 years (%) 43 (26.9) 

Bradycardia (%) 8 (5.0) 

Blood potassium levels: LOW NORMAL – HIGH 48 (30%) - 104(65%) - 8 (5%) 

Prolonged QTc (%) 63 (39.4) 

Table 3 is a summary of the anti-malarial agents prescribed for these patients. Group 1 patients consisted of the 52 patients 
(32.5%) with anti-malaria treatment; though only six patients (11.5%) had parasitological confirmation. Importantly, all 
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52 antimalaria-containing prescriptions were artemisinin-based; with 6 (11.5%) of them as monotherapy. The artemisinin- 
containing agents, as prescribed were artesunate, artemether, and dihydroartemisinin. The anti-malaria partner drugs of  
the 46 artemisinin-combined treatment were SP in 27 (58.7%), lumefantrine in 7 (15.2%), amodiaquine in 7 (15.2%) and 
piperaquine in 5 (10.9%). 

Table 3. Distribution of anti-malaria agents prescribed in the study population 

Drug type Number Percentage (%) 

Artesunate + amodiaquine 7 13.6 

Artemether 20 mg Lumefantrine120 7 13.6 

Artesunate + fansidar 11 21.1 

Artesunate only 3 5.8 

Alaxin only (dha 60 mg) 3 5.8 

p-alaxindha 40mg + ppq 320 mg 5 9.6 

Cotexcin (dha 60 mg) + fansidar 14 26.8 

Paluther + fansidar 2 3.7 

Total 52 100 

Note. Names of antimalaria agents as prescribed; fansidar = SP (sulphodoxine-pyrimethamine; dha = dihydroartemisinin; ppq = piperaquine 

Table 4 summarised the comparison of TdP factors in 52 (Group 1) and 108 (Group 2) patients; showing that mean age, 
heart rate, QTc and serum potassium were comparable (p > .05). However, using categorisation in Table 4 showed that  
the proportion of older patients (≥ 65 years), prolonged QTc and serum potassium differed significantly between the two 
groups. Table 5 and Figure 2 show demonstrate the significant association of serum potassium (K) status with AMA 
treatment groups. 

Table 4. Comparison of selected risk factors of torsades de pointes among HF patients 

Parameter Group I (n = 52) Group II (n = 108) 

Age years 57.1 ± 14.6 52.5 ± 14.3; p=.15 

Age > 65 years (%) 20 (38.5) 23 (21.3); p = .02* 

Heart rate per minute 89.5 ± 21.0 92.8 ± 19.0; p = .57 

Bradycardia (%) 3 (5.8) 5 (6.0); p > .05 

Serum potassium mmol/L 3.74 ± 0.68 3.83 ± 0.64; p = .6 

ECG QTc ms 458.7 ± 55.3 468.0 ± 61.8; p = .54 

Prolonged QTc (%) 25 (48.1) 38 (35.2); p = .1* 

Females 25 (48.1) 53 (49.1); p > .05 

Length of hospital stay days 16.0 ± 9.3 16.6 ± 9.5; p > .05 

Note. QTc = corrected QT interval; group 1 = antimalaria agents; * = significant association  

Figure 2. Distribution of serum potassium in 
patients treated with and without anti-malaria agents
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Table 5. Distribution of serum potassium (K) in patients with and without anti-malaria agents 

  Low K Normal K High K Total 

Group 1 AMA+ 22 27 3 52 

GROUP 2 AMA- 26 77 5 108 

Total 48 104 8 160 

Note. X2 = 6.01, p = 05; K = serum potassium status 

4 Discussion 
This study investigated the pattern of malaria treatment and frequency of predisposing risk factors of torsades de pointes 
among the admitted HF population. The study also examined whether these risk factors differed significantly among the 
malaria-treated group. Our patients’ general characteristics are comparable to those of patients admitted in similar centres 
in Nigeria and Africa [3-5, 8, 9]; especially regarding non-ischemic aetiology, mean age in the mid-50s and degree of left 
ventricular dysfunction [3-5, 8, 9]. Our patients, however differed from those of the industrialised world, where HF occurs 
mainly in the elderly, and the predominant aetiology is ischemic [1, 2, 6]. In the present study, only a quarter of our patients 
were older than 65 years. 

In the present study also, it is note-worthy that the frequency of individual risk factors for TdP [7, 13, 14] were variable, 
ranging from 5%-48%. Approximately 40% of our HF patients exhibited prolonged QTc, which was lower than that  
found in other studies from other States of Nigeria [8, 9]. However, different studies have used different cut-off values for 
prolonged QTc [7-10, 18, 19]. For instance, prolonged QTc was seen in 60% of HF patients from the Northern part of Nigeria 
using cut-off values of 420 ms for men and 440 ms for women [9]. It is however important that the mean QTc values of the 
different HF studies were similar. The mean QTc values were also significantly different from non-affected controls [8, 9]. 

Several reviews and authors have emphasised that TdP risk factors also include underlying cardiac disease, especially HF 
and dilated cardiomyopathy [7, 13, 14]. These conditions already exist in our patients; thus placing them intrinsically at higher 
cardiac risk. Our data indicated that one third of the hospitalised HF patients received prescriptions for malaria treatment. 
This proportion is high and these patients would carry a higher disease and pill burden [17]. The fact that the malaria 
diagnoses were predominantly presumptive [16, 17] is also note-worthy. It is rather surprising that even at this level of health 
care, the parasitological confirmation was minimal. However, it is pertinent to note that at the time of the study, the 
National policy on malaria treatment was not so anchored on parasite confirmation [16]. Such malaria-treated HF patients 
were clearly exposed to a further increase in the total number of medications; with resultant higher poly-pharmacy. This 
clinical scenario would contribute to cardiovascular and pharmacologic adverse effects [7, 10, 14]. 

Our interest was to investigate if malaria-treated patients possessed a higher frequency of torsadogenic risk factors 
compared to those without malaria treatment. Thus, we compared the pre-treatment risk profile of anti-malaria group with 
that of non-malaria treated group. Interestingly, mean values of studied risk factors were comparable in the two groups;  
but using univariate analyses indicated that affected proportions; including those with hypokalemia and prolonged QTc 
differed significantly in the two groups. Since these evaluations were pre-malaria treatment, it would suggest that the 
noted differences would be a reflection of pre-existing factors, such as a malaria effect. There is evidence that malaria  
on its own significantly affected the cardiovascular system, with effects of morphological alterations, such as conduction 
defects on the ECG, and blood pressure changes of hypotention and elevated blood pressure [22, 23, 26]. Some authors 
attributed such findings to possible release of pyrogenes, cytokine-related effects, including vasodilatation [22-24]. Our 
opinion is that these findings should be a stimulus for further insight into possible effects of malaria in heart failure 
patients. 

We also investigated the choice of AMA used in this clinical scenario; as certain AMA has marked cardiovascular adverse 

effects [10-14]. We opined that prescribers at this level of health care would recognize that the status of cardiac dysfunction 
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would contribute to a high potential for toxicity. Thus our expectation was that their antimalaria choices would reflect 

appreciable cardio-safety. The anti-malaria agents prescribed in this study were 100% artemisinin-based and there were 

combinations with other malaria partner-drugs in 90%. The WHO and National Malaria Policy currently recommend 

artemesinin-based combinations [16]. In our study, the choice of malaria partner-drugs was predominantly SP and  

different 4-aminoquinolines, namely lumefantrine, amodiaquine, and piperaquine. To date, artemisinin derivatives enjoy a 

favourable cardiovascular profile as reported in normal individuals with malaria, in experimental situations, and in usual 

doses [10, 16, 21, 25]. However even such reports have acknowledged electrical abnormalities, including QRS morphological 

alterations, and blood pressure changes, though with unclear clinical implications [16, 21, 25]. 

With regard to partner-drugs, SP has enjoyed a long experience; but reports noted that adverse effects were uncommon  

and affected other systems rather than the cardiovascular system [20]. The 4-aminoquinolines are important partner- 

drugs to artemisinin; and those with important cardiovascular issues, including QTc prolongation are quinine, quinidine, 

halofantrine and possibly mefloquine [7, 10, 16]. However these drugs were not used in this cohort. Lumefantrine, 

amodiaquine and piperaquine as partner-drugs appear to have a safe cardiovascular profile [11, 16, 20]. However, recent 

publications are calling for caution with these drug classes, as changes in antioxidant status and adverse renal changes 

have been observed [25]. The authors noted that piperaquine is a bisquinoline and structurally related to chloroquine. Thus 

it was expected to exhibit electrophysiological effects on the heart [25]. We also reiterate that caution be exercised on the 

use of lumefantrine and piperaquine combinations in cardiac patients because of their close structural resemblance to 

halofantrine and other 4-aminoquinolines. Some investigators have cautioned that clinical drug evaluations and drug 

toxicity tests be carried out using single agents and on non-cardiac, and previously healthy malaria patients [27]. Thus, in  

a real life situation of admitted patients, certain cardiac issues may not be easily predictable [27]. It is known that 

multiplicity of medications and complex drug regimens increase tendency of adverse drug-drug interactions [7, 10, 14, 27], 

which could sometimes be caused by drug metabolites [28] or drugs with potential to disturb important drug-elimination 

mechanisms [29]. Thus further studies are required especially on the use of 4-amino-quinololines such as lumefantrine and 

piperaquine in heart failure patients. Drug reviews have previously noted that amodiaquine as a single agent was shown to 

increase heart rate and resulted in toxic effects on some liver and renal function tests [20, 25]. The authors cautioned that 

although certain medications which did not have a direct effect on the heart; but altered hepatic and renal profiles may 

indirectly affect the heart [20, 25] by affecting drug metabolism of heart failure drugs or malaria drugs [25]. 

Along these lines, and attempting to examine the effect of artemisin-combination on the heart, some investigators in 

Ghana examined QTc interval prologation on children aged 4-12 years, with uncomplicated malaria [30]. They found 

significantly longer QTc on day 0 compared to QTc values on day 3 and day 7. The authors opined that the longer QTc of 

untreated malaria phase suggested a disease-specific effect of malaria. However there was > 30 seconds increase in 

baseline QTc in 31.9% of patients on artemisinin-amodiaquine versus 20% on artemisinin-lumefantrine combination.  

The authors therefore called for continuing caution and further studies in the possible QTc effects of malaria and the 

artemisinin combinations. 

Strengths and limitations of the study 
The study was a retrospective one, and some limitations of retrospective study include missing data. But this limitation 

was minimised by the inclusion and exclusion criteria for the selected cases, with all the important factors for the study 

available. It is important to note that retrospective studies are important since such studies help in the investigation of 

real-life situations and clinical practice [5]. A notable strength of our study was the removal of selection bias by using a 

study cohort that was all-inclusive. Our most important inclusion criterion was the availability of admission ECG on adults 

admitted with HF. Since our Hospital protocol demanded that HF patients have ECG within the first twenty-four hours of 

admission [5], data from all adult HF patients were likely to be “captured”. In addition, the involvement of Records 

Department of our Hospital assured more complete “catchment” of the HF patients admitted during the study period. 

Although the sample size may appear small, but the drug data-collection instrument of World Health Organization used in 
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this study requires a minimum of one hundred case-records for valid conclusions (see methodology). Thus our study 

cohort of one hundred and sixty appears adequate.  

Our study was also unique in that we prospectively measured the ECG-QTc, in order to take all the necessary  
precautions [18, 19]. The ECG-QTc has been adjudged a valuable method and described as standard of clinical care on issues 
of cardio-toxicity [10, 14]. This is because of its simplicity, availability, and wide use in the clinical scenario. Thus results can 
be easily compared to other studies. Touze et al. [10] emphatically recommended that pre-treatment QTc values must be 
used when quinine, halofantrine and others are to be prescribed in clinical situations that further increase cardiac toxicity, 
such as use of diuretics, laxatives, selective H1 receptor antagonists. Such medications modify or block the delayed 
rectifier K+ channels, resulting in prolonged QTc - a harbinger of TdP ventricular tachycardia. The present study was thus 
carried out to examine the pre-treatment cardiac risk profile of the HF patients with malaria. Touze and his colleagues also 
argued that such pre-treatment evaluation would result in the correction of any electrolyte imbalance [10]. 

5 Conclusions 
Our study showed that one third of admitted HF patients received a diagnosis of malaria. Using malaria pre-treatment 
evaluation, we identified several different risk factors of torsades de pointes amongst the HF patients even prior to malaria 
treatment. Interestingly, the risk factor profile of the malaria-treated HF patients also appeared significantly worse than  
the group without anti-malaria treatment, inviting the possibility of additional “malaria” effect. All malaria treatment was 
artemisinin-based but the anti-malaria partner drugs were mainly SP and 4-aminoquinolines. Given the frequency of 
malaria and HF in high transmission communities, and the high risk of their occurrence, our findings should contribute in 
future to safer malaria treatment practices, and selection of safer drugs in admitted HF patients with malaria. In the present 
study, malaria pre-treatment evaluation had uncovered the frequency of increased cardiotoxic potential in both malaria and 
non-malaria HF patients. Our study further high-lights the heighted cardiotoxic risk profile of HF in high transmission 
malarious areas. 
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