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Abstract—Chronic kidney disease (CKD) is a health problem 

which prevalence is still high and one of the causes of 

cardiovascular complications. One of those cardiovascular 

complications is cardiomegaly. One way to identify cardiomegaly 

is by measuring the cardiothoracic ratio (CTR) in chest x-ray 

(CXR). The aim of this study is to see correlation, if any, of CKD 

and the cardiomegaly imaging in posteroanterior (PA) CXR. This 

was an observational analytic study with comparative cross-

sectional design. The total sample was 60 people who was divided 

into 2 groups, 30 people with CKD and 30 people without CKD 

who were taken by consecutive sampling technique. The data was 

analysed descriptively then followed by Chi-Square Test with 

95% confidence interval. The results showed that 30 people 

(100%) were classified into stage 5 of CKD. Cardiomegaly was 

detected in 22 people (73.3%), the mean CTR was 60%, 22 people 

(73.3%) showed left ventricle enlargement, 20 people (66.7%) 

showed left atrium enlargement, and 7 people (23.3%) showed all 

chambers enlargement. There was a significant correlation 

between CKD and cardiomegaly (p=0.001 and PR=2.57). 
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I. INTRODUCTION

Chronic kidney disease (CKD) is a serious health problem 
that is still growing in the global population [1]. CKD will 
cause complications such as hypertension, anemia, and uremic 
state [1,2]. Cardiovascular abnormalities commonly 
encountered in patients with CKD. Left ventricle (LV) pressure 
overload occurs frequently from hypertension and LV volume 
overload occurs as a result of the presence of anemia and 
hypervolemia [2-4]. Cardiovascular complications are a major 
cause of morbidity and mortality in CKD patients, accounting 
for approximately 50% of deaths [4]. Several studies have 
shown that LV enlargement and congestive heart failure have 
higher mortality than coronary disease in subjects with CKD 
[2-4]. 

It is clear that accelerated cardiovascular disease (CVD) is 
prevalent in subjects with CKD. One example of the CVD is 
cardiomegaly [5,6]. As CKD progresses, the prevalence of 
cardiomegaly increases, and by CKD stage 5, prior to initiation 
of renal replacement therapy, about 70–90% of patients exhibit 
cardiomegaly with varying degrees of severity [2,5,7]. 

Cardiomegaly can be detected using electrocardiogram 
(ECG), echocardiography, and chest x-ray (CXR). Although 
echocardiography is considered to be the gold standard for 
diagnosing cardiomegaly, its availability is still limited, 
expensive and requires trained experts [8,9]. The 
posteroanterior (PA) CXR is the most common imaging used 
as a reliable alternative as it is a widely available tool in 
medical facilities [8,9].  

There was still a little study reported about CKD and its 
effect on cardiomegaly imaging in CXR. Therefore, we would 
like to assess the correlation of CKD with the prevalence of 
cardiomegaly using CXR as an alternative instrument. 

II. METHODS

A. Study Population and Sample Size

This is a comparative cross-sectional study. The data was
collected from 60 medical records. We divided the subjects 
into 2 groups: 30 subjects in group with CKD and 30 subjects 
in group without CKD but had CKD risk factors such as 
hypertension and diabetes mellitus. The sample was taken 
consecutively. This study complies with the Declaration of 
Helsinki and was approved by the local Ethics Committee. 

B. Measurements

We collected the demographic data and medical history
from the medical records. Patients’ age and serum creatinine 
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were collected and used to measure estimated glomerular 
filtration rate (eGFR) using CKD-Epi creatinine formula. Chest 
x-ray (CXR) result used to calculate the CTR and examine 
cardiac chamber enlargement, the latter validated by at least 2 
radiologists. 

C. Inclusion and Exclusion Criteria 

1) Inclusion criteria: 1) From the medical record, the 

subject was diagnosed with CKD by an internist, 2) CKD-Epi 

creatinine measurement shown eGFR ≤90 ml/min/1.73m2, 3) 

has undergone CXR with posteroanterior position. 

2) Exclusion criteria: 1) Subjects with heart condition(s) 

prior to being diagnosed with CKD, 2) CXR taken in 

anteroposterior position, 3) difficulty to determine heart 

contour, 4) scoliosis vertebrae, 5) rib cage distortion. 

D. Statistical Analysis 

The data was analysed by the Statistical Package for the 
Social Sciences software version 15.0 (SPSS Inc. Chicago, IL, 
USA). Qualitative data was expressed as number and 
percentage, that are analysed by the chi-square test. 
Quantitative data was presented as mean. The risk factors 
associated with different CKD stages. A 𝑃-value of less than 
0.05 was considered as statistically significant. 

III. RESULTS 

In this study, we enrolled 60 subjects that were 
consecutively selected. The subjects then divided into 2 groups, 
first group was subjects with CKD and second group was 
subjects without CKD but has hypertension and/or diabetes 
mellitus as comorbid(s). Table 1 shows the baseline 
characteristics of them. Of the total study population, 40.0% 
were males and 60% were females, mean age was 50.40 years 
old and all of them were classified as CKD stage V. 

A. GFR and CKD Stages 

Decrease of kidney function can be measured by decrease 
of GFR. We measured eGFR using the CKD-Epi creatinine 
formula. Table 2 shows the mean of serum creatinine and mean 
eGFR in the study. The mean of serum creatinine was 9.2 
mg/dl with eGFR after calculation was 6.1 ml/min/1.73 m2. 
From the eGFR measurement, we classified the subjects’ CKD 
stage and all of them were classified as CKD stage V. 

B. Cardiomegaly Prevalence in CKD Subjects 

We examine the CTR in posteroanterior CXR in subjects 
with CKD. Table 3 shows the percentage of cardiomegaly.      
It shows that 73.3% of subjects have cardiomegaly and 26.7% 
show no cardiomegaly image in the CXR. 

 

 

 

TABLE I.  DEMOGRAPHIC CHARACTERISTICS OF SUBJECTS WITH CKD 

Variable 
Total 

n Percentage (%) 

Sex 

Male 12 40.0 

Female 18 60.0 

Age (years) 

Mean            :     50.40 

Median         :     46.50 

Range           :     24-84 

 

 

 

CKD Stage*   

5 30 100% 

*CKD classified into 5 stages; stage 0: eGFR >90 mL/min/1.73 m2, no proteinuria, and normal kidney 

function; stage 1: eGFR >90 mL/min/1.73 m2 with evidence of kidney damage; stage 2: eGFR 60–89 

mL/min/1.73 m2, mild decrease in GFR; stage 3: eGFR 30–59 mL/min/1.73 m2, moderate decrease in 

GFR; stage 4: eGFR 15–29 mL/min/1.73 m2, severe decrease in GFR; and stage 5: eGFR <15 

mL/min/1.73 m2 or in dialysis, kidney failure. 

TABLE II.  SERUM CREATININE AND EGFR OF SUBJECTS WITH CKD 

Variable Mean Median Range 

Serum creatinine (mg/dl) 9.2 7.9 3.1- 19.6 

eGFR (ml/min/1.73 m2)* 6.1 5.75 2.5-14.4 

  *eGFR measured using CKD-Epi creatinine formula 

C. CTR and Cardiac Chamber Enlargement Imaging 

Regarding to the radiological findings, we get the mean 
CTR was 60%. Out of 73.3% of subjects with cardiomegaly 
(Table 4), all of them have suffered left ventricle enlargement, 
66.7% with the enlargement has progressed to left atrial, and 
23.3% has suffered all chambers enlargement (Table 5). 

TABLE III.  CARDIOMEGALY PREVALENCE IN SUBJECTS WITH CKD 

Variable 
Total 

N % 

Cardiomegaly* 22 73.3 

No cardiomegaly 8 26.7 

Total 30 100 

         *Cardiomegaly defines as cardiothoracic ratio (CTR) ≥50% in CXR 

TABLE IV.  MEAN CTR ON SUBJECTS WITH CARDIOMEGALY IMAGING  

 Mean Median Range 

CTR (%) 60.0 62.77 50.0-73.0 

TABLE V.  CARDIAC CHAMBER ENLARGEMENT SHOWN IN CXR OF 

SUBJECTS WITH CKD 

 
Total 

n % 

Enlargement Left atrium 20 66.7 

 Left ventricle 22 73.3 

 All chambers 7 23.3 

No enlargement  8 26.7 

D. Correlation of CKD and Cardiomegaly 

Bivariate analysis was done to analyse the correlation of 
cardiomegaly and CKD. We compare the cardiomegaly 
number seen in the first group (subjects with CKD) with the 
second group (subjects without CKD but have hypertension 
and/or diabetes mellitus). The result on Table 6 shows that 
CKD is significantly correlated with the presence of 
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cardiomegaly (prevalence risk (PR), 2.57; 95% confidence 
interval (CI), p=0.001).  

TABLE VI.  CORRELATION OF CKD AND CARDIOMEGALY BASED ON CHI-
SQUARE TEST 

 

CKD No CKD PR* 

(CI† 95%) 
P value 

n % n % 

Cardiomegaly 22 73.3 9 30.0 2.57 0.001 

No cardiomegaly 8 26.7 21 70.0 (1.37 – 4.84)  

Total 30 100 30 100   

     *PR = Prevalence Risk 

     † = Confidence Interval 

IV. DISCUSSION 

From this study, prevalence of CKD occurred more in 
females, because in menopause females the protective factor of 
estrogen has decrease [10]. Decrease of kidney perfusion and 
increase in kidney vascular resistance happened more in 
females with hyperglycaemia rather than in males [10]. 
Although the CKD prevalence is higher in females, the 
decrease of GFR is more progressive in males [10,11]. In this 
study, the CKD prevalence is higher in our elderly subjects 
with age mean is 50,40 years old and like other similar studies, 
most patients diagnosed with CKD are in the age range of 50-
59 years old [8,9]. Aging undergoes several changes in body 
that impact kidney function, so GFR declines with age [12]. 

The decrease in GFR indicates worsening kidney function 
and the worse complication that arise from it. Prevalence to 
suffer cardiomegaly increase in patients with CKD stage 3-5 
(pre-dialysis) [3,5]. There were different findings in this study 
from previous studies, which all of the subjects in this study are 
classified as CKD stage 5. Generally, CKD symptoms will not 
present until the late stage (stage 4-5) when the metabolism and 
hormonal disorder and electrolyte imbalance become more 
severe and it will lead patients to go to the hospital [12,13]. 

As seen in the results, 73.3% of the CKD subjects already 
suffered cardiomegaly with left ventricle enlargement. From 
the CXR, 23.3% has shown all cardiac chambers enlargement 
and 66.7% has also shown left atrial enlargement. Pressure and 
volume overload caused by CKD will cause compensation 
mechanisms [4,14]. But if the compensation happened for a 
long time, it would turn into decompensation of heart muscle. 
Uremic state also contributes to worsening the condition. If not 
treated properly, heart failure has higher mortality than 
coronary disease in CKD patients [4,15,16]. 

Prevalence of cardiomegaly correlates with degree of 
kidney injury. Kidney injury will cause complications such as 
renal hypertension, chronic anemia, and uremic syndrome 
which will add cardiac workload that eventually will cause 
cardiac structural changes [4,16,17]. This study shows 
significant correlation (p=0.001) with prevalence risk (PR) 
2.57. It means patients with CKD are 2.57 times more at risk to 
suffer cardiomegaly.  

V. STUDY LIMITATION 

Not all CKD subjects underwent CXR examination because 
CXR was not a mandatory examination for CKD patients. 
Chronic kidney disease (CKD) patients that underwent CXR 
were only patients on late stage with pulmonary edema as a 
complication or other pulmonary disease. Because all the 
subjects were CKD stage 5, the results of this study were not 
describing general conditions of CKD patients. 

VI. CONCLUSION 

We conclude that CKD prevalence is higher in female and 
elderly patients. Most of the subjects had cardiomegaly with 
signs of left ventricle enlargement. CKD is significantly 
correlated with the prevalence of cardiomegaly. 
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