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ABSTRACT

Background: Acute febrile illnesses (AFI) are frequent causes of hospitalization and can influence any body system, including
the heart. Even in patients who do not have pre-existing cardiac disease, electrocardiographic (ECG) alterations can be an
indication of systemic inflammation, autonomic imbalance, or myocardial involvement that is subclinical. Monitoring and control
can be directed using early identification of these changes.

Objective: To identify the rate and trend of changes in electrocardiograph in patients who present with acute febrile iliness at a
tertiary care hospital.

Materials and methods: The study was a cross-sectional study carried out at Medical Teaching Institution Bannu and Medical
Teaching institution DI Khan during the period between July 2022 and December 2022. Enrolment was restricted to adult
patients who were found to be having fever 38C or lower of less than two weeks. The patients who had known cardiac disease
or those on medications that affect ECG were excluded. Qualified clinicians recorded and interpreted standard 12-lead ECGs.
The descriptive and inferential statistics were used to gather and analyze the demographic, clinical and ECG data.

Results: 180 patients were used (mean age 38.6 +14.2 years 60 men). In 96 (53.3) patients, the abnormalities of the ECG were
observed. Sinus tachycardia (30, 11.7, and 10 percent of abnormalities respectively) was the most common and ST-segment
alterations, T-wave inversion, and QT interval prolongation were the third, fourth, and fifth most common abnormalities
respectively. Abnormalities in ECG were more apparent among the patients above 40 years old and a little more in males. Other
less frequent discoveries were sinus bradycardia and conduction defects.

Conclusion: Electrocardiographic alterations are frequent in acute febrile disease, and the sinus tachycardia and repolarization
changes are most frequent. Febrile patients may undergo periodic ECG examination, which could potentially aid in identifying

subclinical cardiac involvement and manage the patient.
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INTRODUCTION

One of the most frequent causes of hospital visits in developing
countries and also a broad range of infectious etiologies such as
viral, bacterial and parasitic diseases is acute febrile illness or AFI.
These conditions are wusually characterized by systemic
inflammatory reactions that may be manifested in numerous organ
systems other than the initial organ of infection. Among them,
cardiovascular involvement is also beginning to be recognized as a
significant source of morbidity, even in patients with no underlying
heart disease’.

Systemic inflammation and fever may affect the cardiac
physiology in a variety of ways, including elevated sympathetic
reactions, release of cytokines, metabolic imbalances, and direct
myocardial injury. Such changes might be observed as changes in
heart rate, conduction pathways and myocardial repolarization that
could easily be observed in electrocardiography (ECG). Although
most of these ECG alterations are temporary and reversible, there
are those which could signal underlying myocardial stress, occult
cardiac involvement that will need closer attention?.

Electrocardiography is a non-invasive, easy and commonly
used diagnostic method that offers important data concerning the
cardiac rhythm, conduction abnormalities, ischemic or
inflammatory pathology. Considering AFl, ECG assists in detecting
the presence of sinus tachycardia, bradycardia, ST-segment and
T-wave changes, QT interval increase, and other arrhythmias.
These results can be the systemic consequences of fever,
electrolytes disorder, or direct impact of the myocardium and
pericardium?®.

There are a number of infectious diseases that are related to
acute febrile conditions and have been reported to cause typical
changes in the ECG, dengue, typhoid fever, malaria, and viral
infections. The suggested mechanisms would be myocarditis,
autonomic dysfunction, hypoxia, and inflammatory myocardial
edema. This ECG abnormalities can also be associated with
clinical deterioration in some instances and therefore early

detection of ECG abnormality is clinically relevant with respect to
risk stratification and management*.

Although AFI poses a high burden in the low-income and
middle-income populations, cardiovascular evaluation among
febrile patients is often restricted to clinical observation and ECG is
not widely used unless cardiac symptoms are evident. This leads
to non-identification of subclinical or transient ECG abnormalities.
Knowledge of the pattern and frequency of ECG changes in AFI
can assist clinicians to recognize the patients who might require
superior cardiac care (monitoring)®.

Past research has indicated levels and types of ECG
abnormalities in AFIl patients which differ due to patient
demographics, underlying etiologies, severity of illness and in
healthcare settings. Nonetheless, the statistics of tertiary care
hospitals in resource scarce areas are minimal. The local evidence
is necessary to put international results into perspective and
prescribe clinical practice where there is a high incidence of
infectious diseases®’.

As the acute febrile diseases are a major burden and have
the potential to cause cardiac involvement, the systematic
assessment of ECG changes in such patients is a clinically
important issue. Recognizing typical electrocardiographic patterns
and clinical counterparts could help to detect cardiac complications
and manage patients more effectively, as well as enhance the
results of hospitalized febrile patients®.

Objective: To establish the prevalence and trend of
electrocardiographic variations in patients who have acute febrile
iliness at a tertiary care hospital.

MATERIALS AND METHODS

Study Design: This project was carried as a cross-sectional
observational study and was a hospital-based study aimed at
measuring the electrocardiographic variations in acutely presenting
febrile patients. It was a cross-sectional design, which was
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selected to determine the prevalence and pattern of the ECG
abnormalities at the point of presentation throughout the research.

The research was conducted in Medical Teaching Institution
Bannu and Medical Teaching institution DI Khan during the period
between July 2022 and December 2022. The high number of
patients with infectious diseases in the hospital makes the hospital
an adequate place to assess the cardiovascular manifestations
related to acute febrile diseases.

The sample population included the adult patients who
reported to the medical wards and emergency department with
acute febrile illness. Acute febrile illness was considered a
recorded body temperature of 38 o C and above with a period of
less than two weeks of fever and or without known focus of
infection at the time of admission.

Sample Size and Sampling Technique: During the study, a
consecutive non-probability method of sampling was employed to
recruit patients who met the study inclusion criteria. It was felt that
the sample size was sufficient to provide an estimate of the
prevalence of the electrocardiographic changes in the patients with
acute febrile illness taking into consideration the time and
resources that were available at the study center.

Inclusion and Exclusion Criteria: The study included all adult
patients aged 18 years and older who presented themselves with
acute febrile illness and gave informed consent. Patients that have
a known history of cardiomyopathy, ischemic heart disease,
chronic heart failure, congenital heart disease, or any previously
documented arrhythmias were not included to reduce confounding.
Those patients who have been prescribed drugs that substantially
affect ECG parameters (antiarrhythmic drugs), have electrolyte
abnormalities recorded before ECG recording were also excluded.
Data Collection Procedure: The demographic information, clinical
history, and the appropriate examination findings were
documented on a structured proforma after informed consent has
been obtained. Each patient was subjected to a standard 12-lead
electrocardiogram in a resting position during the first phase of
evaluation in the hospital. Qualified clinicians interpreted ECGs
independently and results including heart rate abnormalities,
conduction defects, ST-segment abnormalities, T-wave defects,
and QT interval changes were recorded.

Outcome Measures: The existence and nature of
electrocardiographic changes among patients with acute febrile
illness was used as the primary outcome measure. The secondary
outcomes were the distribution of ECG abnormalities by age and
gender and the association between ECGs abnormalities and
clinical presentation.

Data Analysis: The appropriate statistical software was used to
input and analyze the data. Continuous variables were represented
as mean and standard deviation whereas categorical variables
were represented in form of frequencies and percentages. The
findings were condensed to explain the trend and occurrence of
Electrocardiographic changes in the participants in the study.
Ethical Considerations: The study got ethical approval of the
Institutional Review Board of Medical Teaching Institution, Bannu.
All participants had their informed consent written form before
enrolment. The patient information was kept in confidence and the
study was done in compliance with the code of ethics in the
Declaration of Helsinki.

RESULTS
The final analysis involved 180 patients who came to the treatment
with acute febrile illness. The age of the study population mean
was 38.6 14.2 years, a range of 1875 years. The majority of the
patients were males who made up 108 (60.0%) and the females 72
(40.0%). Majority of the patients were referred in the emergency
department indicating the acute presentation. Table 1 summarises
the baseline demographic and clinical features of the study
population.

Abnormalities of electrocardiogram were also observed in a
significant percent of patients with acute febrile illness. Of all 180
patients, 96 (53.3%), showed at least one abnormal ECG and 84

(46.7%) showed normal ECG. The most common abnormality was
the sinus tachycardia, which was closely followed by the ST-
segment and T-wave alterations. The general ECG findings are
represented in Table 2.

Sinus tachycardia was the most common result as it was
found in 54 (30.0) patients in the scenario whereby specific ECG
patterns were analyzed. ST-segment depression or elevation was
observed to indicate myocardial stress or inflammation in 21 (11.7)
patients. In 18 (10.0%) cases, T-wave inversion was seen and 12
(6.7%) had a QT interval prolongation. Uncommon observations
comprised sinus bradycardia and other conduction abnormalities
like 1 st degree atrioventricular block. Table 3 gives the detailed
frequencies of each ECG abnormality.

The analysis that compared the demographic variables to
the electrocardiographic changes demonstrated that more males
than females had ECG abnormalities but this was not significant.
The frequency of the ECG changes was more frequently observed
in patients aged above 40 years than in younger ones. Table 4
presents the relationship between age groups, gender, and the
existence of ECG abnormalities.

To make the visual representation, a graphical comparison of
most common ECG abnormalities was created. The graph shows
that sinu tachycardia overtook the ST -T changes and the QT
prolongation, which reinforce the range of cardiac -electrical
changes observed in acute febrile disease (Figure1).

Table 1: Baseline Demographic and Clinical Characteristics of Study
Participants (n = 180)

|Variab|e ||Frequency (n) ||Percentage (%) |
|Age (years), mean + SD ||38.6 +14.2 ||— |
[18-30 years |[54 |[30.0 |
[31-40 years |[46 |[25.6 |
[41-50 years |[38 |[21.1 |
[>50 years |[42 |[23.3 |
[Gender | | |
[Male |[108 |[60.0 |
[Female |[72 |[40.0 |

Table 2: Overall Frequency of Electrocardiographic Findings in Acute Febrile
lliness

|ECG Finding ||Frequency (n) HPercentage (%) |
[Normal ECG |84 |[46.7 |
[Any ECG abnormality |[oe |[53.3 |
[Total |[180 |[100 |

Table 3: Pattern of Electrocardiographic Abnormalities Observed (n = 96)

|Type of ECG Abnormality ||Frequency (n) ||Percentage (%)

|
|Sinus tachycardia ||54 ||30.0 |
|ST-segment changes ||21 ||11.7 |
|T-wave inversion ||18 ||10.0 |
|QT interval prolongation ||12 ||6.7 |
|Sinus bradycardia ||9 ||5.0 |
IConduction abnormalities ||6 ||3.3 I

Table 4: Association of ECG Abnormalities with Age and Gender

|Variab|e ||ECG Normal n (%) ||ECG Abnormal n (%) ||Tota| ||p—va|ue |
[Gender || I I |
[Male |[46 (42.6) |[62 (57.4) [[108 ]o.18 ]
[Female  |[38 (52.8) |[34 47.2) [[72 ] |
[Age group | I I |
|<40 years |[58 (53.2) |[51 (46.8) [[109 ]lo.04 |
[>40 years |26 (36.6) |[45 (63.4) [[71 ]| |
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Figure 1: Distribution of Common ECG Abnormalities in Acute Febrile lliness

Distribution of Common ECG Abnormalities in
Acute Febrile Illness
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DISCUSSION

Greater than fifty percent of the participants in the current study
showing electrocardiographic abnormalities had sinu tachycardia,
which is the most common finding and the rest had ST-T segment
change, T-wave inversion, and QT interval amplification. The
results of these studies are that acute systemic infection may play
a significant role in cardiac electrophysiology in the patient not
having known cardiac disease. Sympathetic stimulation of fever,
release of inflammatory cytokines, and metabolic stress are all well
known (possibly) explanatory mechanisms of these non-persistent
changes in ECG patterns®.

The general rate and trend of ECG abnormalities that we
observed in our research is similar to those in the recent literature
on acute infectious diseases. Some reports have reported case of
sinu tachycardia as the most frequent change in ECG of febrile
patients, a condition that has mainly been attributed to high
metabolic load, and imbalance in the autonomic system during the
time of infection'®"'. The ST-segment and T-wave changes that
were observed in our cohort are also reported in other literature
and are believed to represent the myocardial strain or a subclinical
inflammatory process and not overt ischemic heart disease'.

The lengthening of QT interval which is observed in some of
our patients has been observed to be gradually reported in the
circumstances of systemic infections and in febrile states. Recent
results indicate that fever and inflammatory mediators can directly
influence the ventricular repolarization, which results in temporary
QT variation even without cardiotoxic substances™. These types of
findings can be clinically applicable, with the long period of QT
being a factor that can predispose vulnerable patients to malignant
arrhythmias especially in the presence of electrolyte imbalances
that are characteristic in acute disorders.

There is evidence in the literature of a particular type of
febrile infection, e.i. dengue and other viral infections, that exhibit
similar ECG patterns, with repolarization abnormalities and rhythm
disturbances.  Autonomic  dysfunction, direct myocardial
involvement, or capillary leak-induced myocardial edema has been
blamed as the cause of such changes™ . Even though we have
not stratified ECG results by a particular etiological agent, patterns
of observation have been similar, which leads to the idea that
various infections can have a similar effect on the cardiac electric
activity.

Nonspecific ECG abnormalities and conduction defects have
also been common in the presence of bacterial and parasitic febrile
diseases. The studies have pointed out that these changes can be
reversible and do not need clinical recovery and therefore implies
the existence of a functional as opposed to structural myocardial
basis in most instances®. These findings and the heterogeneity of
the cardiac involvement in acute febrile states are consistent with
the presence of conduction abnormalities and bradyarrhythmias in

a minority of our patients and further highlight the heterogeneity of
cardiac involvement in acute febrile states.

Age variations in ECG abnormalities that were found in our
study are in line with results by other studies, whereby older
patients showed higher prevalence of ECG changes. This can be
an indication of decreased physiological reserve, increased burden
of the subclinical cardiovascular disease, or an overreacting in the
inflammatory responses among older age groups'” '8, There were
not as high gender-based differences and this is also in agreement
with recent research results that showed no significant sex-specific
variation in ECG changes during acute infections™®.

In general, the data presented in this research paper support

the available literature that electrocardiographic changes are
frequent among patients with acute febrile illness and represent a
continuum of physiological and pathological reactions to the
systemic infection. Regular ECG evaluation could thus be an
effective source of information to be used in the early detection of
patients who might need extra attention at the acute stage of the
disease?.
Limitations: There are some limitations of this study that one
should take into account when interpreting the results. The cross-
sectional design does not provide the opportunities to determine
causal relationship and to evaluate the time progression and
reversibility of changes in the ECG. The study is a single center
study and it might not be applicable to all healthcare settings or
populations having different disease profiles. Etiological
classification of acute febrile diseases had not been done and this
limited the analysis of ECG changes specific to the pathogen.
Moreover, there was no assessment of biochemical indicators of
myocardial necrosis and clinical long-term results, which might
have helped to get some understanding of the prognostic value of
the detected alterations in the electrocardiographic patterns.

CONCLUSION

Electrocardiographic aberrations are very common in patients who
arrive with acute febrile iliness with the most common finding being
sinus tachycardia and repolarization changes. Such changes are
probably due to systemic inflammatory and autonomic
consequences of fever and not due to underlying cardiac disease
but provides evidence that in acute infections cardiac changes may
occur in the absence of clinical symptoms. Regular ECG cardiac
monitoring in febrile patients, especially older and clinically
unstable ones, can help to identify cardiac electrical anomalies in
an early stage and assist in reaching a timely clinical decision to
enhance patient monitoring and care.
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