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Background Cardiogenic brain abscess (CBA) is the commonest noncardiac cause of 
morbidity and mortality in cyanotic heart disease (CHD). The clinical diagnosis of a CBA is 
often delayed due to its nonspecific presentations and the scarce availability of computed 
tomography (CT) imaging in resource-restricted settings. We attempted to identify param-
eters that reliably point to the diagnosis of a CBA in patients with Tetralogy of Fallot (TOF).
Methods From among 150 children with TOF treated at a tertiary care institute over a 
15-year period from 2001 to 2016, 30 consecutive patients with CBAs and 85 age- and 
sex-matched controls without CBAs were included in this retrospective case–control 
study. Demographic and clinical features, laboratory investigations, and baseline echocar-
diographic findings were analyzed for possible correlations with the presence of a CBA.
Statistical Analysis Variables demonstrating significant bivariate correlations with 
the presence of a CBA were further analyzed using multivariate logistic regression (LR) 
analysis. Various LR models were tested for their predictive value, and the best model 
was then validated on a hold-out dataset of 25 patients.
Results Among the 26 variables tested for bivariate associations with the presence of 
a CBA, some of the clinical, echocardiographic, and laboratory variables demonstrated 
significant correlations (p < 0.05). LR analysis revealed elevated neutrophil–lympho-
cyte ratio and erythrocyte sedimentation rate values and a lower age-adjusted resting 
heart rate percentile to be the strongest independent biomarkers of a CBA. The LR 
model was statistically significant, (χ2 = 23.72, p = <0.001), and it fitted the data well. 
It explained 53% (Nagelkerke R2) of the variance in occurrence of a CBA, and correctly 
classified 83.93% of cases. The model demonstrated a good predictive value (area 
under the curve: 0.80) on validation analysis.
Conclusions This study has identified simple clinical and laboratory parameters 
that can serve as reliable pointers of a CBA in patients with TOF. A scoring model—the 
‘BA-TOF’ score—that predicts the occurrence of a CBA has been proposed. Patients 
with higher scores on the proposed model should be referred urgently for a CT confir-
mation of the diagnosis. Usage of such a diagnostic aid in resource-limited settings can 
optimize the pickup rates of a CBA and potentially improve outcomes.
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Introduction
Cyanotic congenital heart disease (CCHD) accounts for up 
to 25% of congenital heart disease (CHD) and 12.8 to 69.4% 
of all brain abscesses, with Tetralogy of Fallot (TOF) being 
the commonest anomaly associated with a cardiogenic brain 
abscess (CBA).1-3 The hallmark features of TOF are pulmonary 
valve stenosis, ventricular septal defect (VSD), overriding of 
aorta, and right ventricular (RV) hypertrophy.4 TOF patients 
are at substantial risk of developing a CBA, and this risk is 
further amplified in developing countries where a large per-
centage of CCHD patients either remain untreated or undergo 
palliative treatment.5 The clinical presentation of a CBA is 
often nonspecific, causing delayed diagnosis and treatment. 
Identification of parameters that point to the diagnosis of a 
CBA could prove to be a valuable diagnostic aid and poten-
tially improve neurological outcomes of this subset of TOF 
patients.

Materials and Methods
This was retrospective matched case–control study spanning 
a 15-year period from 2001 to 2016. Thirty patients with 
CBAs and 85 age- and sex-matched controls without CBAs 
were selected from among 150 children with TOF admit-
ted to a tertiary care center. The study was approved by the 
institutional review board and ethics committee, and has 
been reported as per the ’Strengthening the Reporting of 
Observational studies in Epidemiology’ (STROBE) guidelines. 
All the patients were either untreated or had undergone 
palliative treatment for TOF prior to their admission in our 
institute. The diagnosis of a CBA was made based on a con-
trast-enhanced computed tomography (CT) scan. All patients 
underwent surgical aspiration either primarily or after a 
trial of conservative management with empirical antibiotics. 
Following surgery, all patients received a course of paren-
teral antibiotics for at least 4 weeks or longer depending on 
the radiological response. Patients with recurrent CBAs and 
those with concurrent comorbidities or extracranial infec-
tions were excluded from the study.

Selection of Variables
Various possible biomarkers of CBA were recorded from the 
data stored in the patient charts and the hospital informa-
tion system. Assuming that severe uncorrected TOF would 
have a higher risk of harboring a CBA, we included numerous 
variables that reflected TOF severity. We also selected mark-
ers of possible derangements such as coagulopathy,6 infec-
tion, or inflammation.7-11 A total of 26 variables including 
clinical factors, laboratory investigations, chest radiograph 
findings, and TOF-specific echocardiographic variables were 
recorded. Clinical data included body mass index, body 
surface area (BSA), presence of cyanosis, cyanotic spells, 
dyspnea on exertion, age-adjusted resting heart rate (HR) 
percentile, and oxygen saturation. The laboratory variables 
included total white cell count, neutrophil–lymphocyte ratio 

(NLR), platelet count, erythrocyte sedimentation rate (ESR), 
bilirubin levels, and coagulation profile. Chest radiographs 
were screened for the presence of pulmonary oligemia. 
Baseline echocardiographic variables included the pulmo-
nary artery (PA) index (Nakata index, defined as the sum of 
the cross-sectional area of the right and left PAs divided by 
BSA), level of pulmonary stenosis (valvular/ infundibular or 
both), presence or absence of PA branch confluence, gradi-
ent across pulmonary valve, and the type of VSD.

Statistical Analysis
A sample size of 115 (30 cases and 85 controls) with a 
case–control ratio close to 1:3 was found to be adequate 
for attaining a power of 90%. For the analysis, 90 patients 
from the entire sample formed the training group, while 
25 constituted the validation group. Continuous variables 
were expressed as means, while frequency distributions were 
used to describe the categorical variable. Hypothesis testing 
was done at each stage for removing outliers and assessing 
normality. Anderson's normality test was used to evaluate 
the normality of the data. Bivariate analysis was used to 
identify preoperative screening markers that correlated with 
the occurrence of a CBA. Logistic regression (LR) analysis was 
done using a purposeful variable selection process. Variables 
with a p-value less than 0.05 in the bivariate analysis were 
then subjected to a multivariate analysis. Various models 
were tested for their ability to quantify the impact of each 
parameter on the outcome. Receiver operator characteristic 
(ROC) analysis was performed to calculate the area under the 
curve (AUC) and predictive values for individual variables 
and the model. The model with the best predictive value was 
then selected. Validation of the model was performed on a 
hold-out dataset of 25 patients. An α level of 0.05 was set for 
all tests.

Results
Demographic, Clinicoradiological, and Laboratory 
Characteristics
The male: female ratio was 22:8 and the mean age at pre-
sentation was 8.54 ± 4.26 years. The common presenting 
symptoms were headache and fever, while seizures and neu-
rological deficits were seen in a minority of patients. The 
location of the abscesses (►Fig.  1) was as follows: frontal 
in 12 (40%); parietal in 8 (26.66%); temporal in 5 (16.66%); 
occipital, basal ganglionic, and thalamic in 1 (3.33%) patient 
each; and multiple in 2 (6.66%) patients. The pus obtained on 
surgical aspiration was sterile in all cases.

Bivariate Analysis
Among the 26 variables tested for bivariate associations 
with the occurrence of CBA, some of the clinical, echocardio-
graphic, and laboratory variables demonstrated significant 
correlations (p < 0.05) (►Table 1). These variables were then 
subjected to multivariate LR analysis.
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Prediction Model Based on Multivariate LR
The results of the LR analysis using a purposeful variable 
selection process are shown in ►Table  2. Among all the 
variables tested, elevated NLR and ESR values, and a lower 
age-adjusted resting HR percentile were found to be inde-
pendent markers of a CBA. The LR model incorporating these 
variables was statistically significant, χ2 = 23.72, p = <0.001, 
and it fitted the data well. It explained 53% (Nagelkerke R2) 
of the variance in occurrence of a CBA, and correctly clas-
sified 83.93% of cases. We tested different models for their 
ability to predict the outcome. The model with the best pre-
diction was: total points = a + 0.1*b–0.04*c - 1.6, where a = 
NLR, b = ESR, c = age-adjusted HR percentile and -1.6 is the  
constant. This model was labelled the ‘BA-TOF’ (Brain abscess 
in TOF) score.

ROC Analysis
We performed a ROC analysis and calculated the predictive 
values, thresholds, sensitivity, and specificity of the indi-
vidual variables and of the LR model score (►Table 3). The 
predictive value of the model (AUC of 0.86) was better than 
those of the individual variables, and at a threshold of–1, it 
had a specificity and sensitivity of 80 and 83%, respectively. 
This indicated that any score >–1 on the model would trans-
late to an 80% chance of the patient harboring a CBA, while 
a value <–1 on the model would indicate an 83% chance of 
the patient not having a CBA. For example, a patient with a 
NLR of 4, an ESR of 30, and HR percentile of 80% would score 
2.2 on the model. While this patient would have an 80% 
chance of harboring a CBA, another patient with a NLR of 1, 
a mildly elevated ESR of 20 and HR percentile of 40% would 

score a total of–0.2 on the model, and have an 83% chance of 
not having a CBA. The model was internally validated on a 
cohort of 25 patients, and demonstrated good accuracy and 
predictive value (AUC of 0.80) (►Fig. 2).

Discussion
Global Burden of CBA
The global prevalence of CHD is reported to be 8 to 
12/1000 live births.12-14 Ninety percent of the affected chil-
dren are born in nonurban areas with suboptimal access to 
healthcare.14 CBA is one of the commonest complications and 
causes for morbidity in patients with CHD. Mortality due to 
brain abscesses from all causes has significantly decreased 
over the last few decades after the advent of CT and magnetic 

Fig. 1 Contrast-enhanced computed tomography images demon-
strating some of the cardiogenic brain abscesses (CBAs) in the study: 
(A) a left temporal CBA with mass effect on the temporal horn,  
(B) a left posterior frontal CBA with perilesional edema, (C) a large 
left frontal CBA with evidence of subfalcine herniation, and (D) a 
multiloculated abscess in the right posterior frontal region.

Table 1  Bivariate correlations between variables and the 
presence of a CBA

Clinical variable p-Value

Age 0.74

Body mass index 0.51

Body surface area 0.23

Cyanotic spells 0.03

Persistent cyanosis <0.001

Dyspnea on exertion <0.001

Age-adjusted heart rate 
percentile

0.001

SpO2 0.83

Echocardiographic variable

Pulmonary artery index 0.04

Pulmonary stenosis type 0.04

Branch confluence 0.001

Pulmonary valve gradient 0.74

VSD type 0.03

Laboratory variable

PCV 0.65

Total count 0.003

NLR <0.001

Platelet count 0.30

ESR 0.002

Direct bilirubin 0.29

Indirect bilirubin 0.77

Total bilirubin 0.97

Prothrombin time 0.19

Activated partial  
thromboplastin time

0.54

Bleeding time 0.31

Clotting time 0.95

Radiographic variable

Pulmonary oligemia on CXR 0.26

Abbreviations: CBA, cardiogenic brain abscess; CXR, chest X-ray; ESR, eryth-
rocyte sedimentation rate; NLR, neutrophil-lymphocyte ratio; PCV, packed 
cell volume; SpO2, oxygen saturation; VSD, ventricular septal defect.
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resonance imaging,15-18 both of which, however, still remain 
elusive in the rural community,19-21 where many of the TOF 
patients are from. This translates to having a potentially large 
number of untreated TOF patients living with the constant 
threat of developing a CBA, or risking late detection of a CBA 
and its associated morbidity and mortality.

CBA-Pathogenesis and Clinical Features
The pathogenesis of a CBA is believed to be multifacto-
rial. Compensatory polycythemia due to decreased oxygen 
saturation is believed to cause hypoxia and metabolic aci-
dosis.15,22 This leads to the development of ischemic areas 
within the brain that then become foci for infection. The 
right-to-left cardiac shunt allows bacteria to bypass the 
pulmonary circulation and gain access to the cerebral cir-
culation. These microorganisms then eventually seed the 
ischemic areas, resulting in the formation of an abscess.15,22 

Streptococcus, Staphylococcus, and Haemophilus are among 
the commonly reported organisms.3,15 However, sterile cul-
tures are being increasingly reported due to the usage of 
broad-spectrum antibiotics.15 In our series, the uniformly 
negative cultures could be related to the usage of antibiot-
ics—either before admission in some cases or prior to surgical 
aspiration in patients who were initially managed conserva-
tively. The clinical features of a CBA often pose a diagnostic 
dilemma. Clinically, the classical triad of fever, headache, and 
focal neurological deficits is found in less than 30% of the 
cases.23,24 The commonly encountered symptoms of fever and 
headache are often nonspecific and are at best poor pointers 
to the diagnosis of a CBA.23 Confounding the clinical picture 
further, headaches in TOF patients are known to be related 
to compensatory cerebral vasodilatation,25 polycythemia-in-
duced hyperviscosity,26 or to migraine in older patients,27 
while fever could be related to infective endocarditis or a 
respiratory tract infection. Symptoms like seizures and focal 
neurological deficits that would warrant an early CT scan are 
often seen late in the clinical course, and only in a minority 
of the patients.23

Utility of Biomarkers
In the light of the ambiguity of the clinical presentation of 
CBAs, it is often recommended to have a low threshold for 
performing a CT scan in patients with TOF.15,28 This is, how-
ever, not possible in the setting of a predominantly nonur-
ban TOF population alluded to earlier. Usage of reliable 
nonradiologic biomarkers instead could aid in the diagnosis 
of a CBA and increase the yield of CT-positive referrals to 
higher centers. Biomarkers are objective biological charac-
teristics used to measure the presence or progress of dis-
ease and the effects of treatment. These include anatomical, 
laboratory, physiological, radiological, or genetic alterations 
that are specific to a given disease.29 The utility of these 
markers in screening, diagnosis, and risk-prediction has 
been well established in a wide range of diseases.30,31 This 

Table 2  Logistic regression analysis for assessing independent correlations with the occurrence of a CBA

B SE p-Value 95% CI (lower) 95% CI (upper)

Constant –1.60 0.85

NLR 0.99 0.26 <0.001 1.63 4.45

ESR 0.11 0.05 0.01 1.02 1.22

Heart rate percentile –0.04 0.01 0.004 0.94 0.99

Abbreviations: B, unstandardized coefficient; CBA, cardiogenic brain abscess; CI, confidence interval; ESR, erythrocyte sedimentation rate; NLR, 
neutrophil-lymphocyte ratio; SE, standard error.

Table 3  Predictive ability, threshold, sensitivity, specificity of the individual variables, and the regression model

Variable AUC Threshold Sensitivity Specificity

NLR 0.80 1.6 0.83 0.70

ESR 0.57 15 0.25 0.90

HR percentile 0.31 60 0.35 0.40

Model 0.86 –1 0.83 0.80

Abbreviations: AUC, area under curve; ESR, erythrocyte sedimentation rate; HR, heart rate; NLR, neutrophil-lymphocyte ratio.

Fig. 2 Receiver operator characteristic curve of the regression model 
when applied on the validation cohort.
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study attempted to identify biomarkers of a CBA to enable 
early pickup of a potentially life-threatening complication 
of TOF.

Previous Literature and Our Findings
Previous literature with respect to markers or risk factors for 
CBA is scarce. A study in 1974 had demonstrated a correla-
tion between the severity of the hypoxemia and the devel-
opment of a CBA in patients with CCHD.32 A similar study 
published two decades later found that patients with CBAs 
demonstrated lower base excess and mean oxygen satura-
tion and partial pressure values than controls.3 Both these 
studies were limited by a suboptimal case:control ratio and 
the lack of a multivariate analysis. In our bivariate analysis, 
factors indicative of a more severe TOF (presence of per-
sistent cyanosis, dyspnea on exertion, and the occurrence 
of cyanotic spells), and a lower HR percentile correlated 
with the co-existence of a CBA. Among the nonclinical vari-
ables, a few echocardiographic and laboratory variables 
demonstrated significant bivariate correlations with CBA. 
Multivariate LR demonstrated a combination of elevated 
NLR and ESR values and a lower HR percentile to be reliable 
pointers of a CBA.

Implications of Our Findings
NLR, a reflection of the balance between innate and adap-
tive immune responses, has been found to be raised in 
several inflammatory conditions.8 In the central nervous 
system, it has found to be elevated in acute ischemic stroke 
and, to a lesser extent, in spontaneous intracerebral hem-
orrhage.33 This is postulated to reflect an imbalanced inter-
action between the stroke-induced cerebral inflammation 
and the systemic inflammatory response brought about 
by mediators that escape from a disrupted blood–brain  
barrier.33 It is likely that a similar mechanism occurs in a CBA, 
a condition that has cerebral ischemia as an important part 
of its pathogenesis. Our finding of an elevated ESR as a bio-
marker of CBA is backed by previous literature.9-11,34 Though 
often considered nonspecific, inflammatory makers like 
ESR and C-reactive protein (CRP) have been demonstrated 
to be elevated in brain abscesses and other intracranial  
pathologies.9-11,34 An “inflammatory index” consisting of these 
markers was reported to be more prominent in patients with 
brain abscesses and concomitant meningitis or ventriculitis.9 
A study found CRP to be consistently elevated in the early 
cerebritis phase of cerebral abscesses, and proposed this to 
as a tool to distinguish them from tumors.10

An interesting finding in our study was the identification 
of a lower HR percentile as a marker of a CBA. CCHD patients 
are known to be susceptible to cerebral ischemia due to sec-
ondary polycythemia and hyperviscosity.35 It is likely that a 
lower resting HR would translate to a greater degree of stasis 
of hyperviscous blood and its related hypoxemic effects. This 
would in turn facilitate the formation of a CBA.

The ‘BA-TOF’ Score
Our validated, easy-to-use predictive model for the occur-
rence of a CBA in patients with TOF is based on simple 

tests that can be performed on the “at-risk” patients with 
uncorrected or partially corrected TOF at the community 
level. Though thresholds for the 3 parameters were iden-
tified (NLR of 1.6, ESR of 15, and HR percentile of 60%), 
it should be reiterated that these provide suboptimal 
results when used in isolation, and that the overall model 
(‘BA-TOF’ score) provides the highest predictive value. 
Patients with a total score of >–1 on the model could be 
referred on priority to higher centers for a CT scan to con-
firm the diagnosis of a CBA, irrespective of their symptoms. 
Institution of early treatment would in turn effectively 
improve clinical outcomes in a population already disad-
vantaged by high morbidity and mortality rates.36 It may 
be cautioned that this study has the inherent limitations 
of a retrospective analysis, and that the model is specific 
to a subset of the Indian population. This is a prelimi-
nary study, and its findings will need prospective vali-
dation in larger samples and other populations before it 
can be widely implemented. It would also be interesting 
to analyze possible chronological alterations in the iden-
tified biomarkers during the natural course and evolution  
of a CBA.

Conclusions
This study has identified simple clinical and laboratory 
parameters that can serve as reliable pointers of a CBA in 
patients with TOF. A scoring model—the ‘BA-TOF’ score—
that predicts the occurrence of a CBA has been proposed. 
Patients with higher scores on the proposed model should 
be referred urgently for a CT confirmation of the diagnosis. 
Usage of such a diagnostic aid in resource-restricted set-
tings can optimize the pickup rates of a CBA and potentially 
improve outcomes.
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