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Abstract 
Background: Platelets play a key role in the development and progression of 
cardiovascular diseases. Also red cell distribution width (RDW%) & platelet 
indices are a good predictor of clinical outcomes. Purpose: Study the rela-
tionship between RDW%, platelets count, mean platelet volume (MPVfl) and 
platelet distribution width (PDWfl) in children with congenital heart disease 
(CHD) or rheumatic heart diseases (RHD). Subjects and Methods: The study 
was carried on 151 children diagnosed as CHD or RHD selected from pedia-
tric department of Al-Zahraa University Hospital and National Heart Insti-
tute. They were aged from 6 months to 12 years. Another 80 apparently healthy 
children were taken as controls. Complete blood count and echocardiography 
examination were evaluated for all participants. Results: The mean value of 
RDW% was increased in CHD and RHD than controls, RDW% higher in 
cyanotic CHD (CCHD) (either decompensated or compensated) than acya-
notic CHD, and in decompensated RHD than compensated RHD with more 
than one valve affection. The mean platelets count were decreased in cyanotic 
than acyanotic CHD, platelets count were increased in decompensated than 
compensated RHD either with one valve or more than one valve affection. The 
mean values of MPV and PDW were increased in decompensated CHD, but 
it decreased in decompensated RHD. Conclusion: The RDW%, MPV and 
PDW considered as simple markers in the follow up of patients with CHD or 
RHD for early detection of serious complication. 
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1. Introduction 

Congenital heart disease (CHD) defined as a structural abnormality of the heart 
and (or) great vessels that is present at birth [1]. Congenital heart disease is one 
of the most frequently diagnosed congenital disorders affecting approximately 
0.8% to 1.2% of live births worldwide [2]. 

Rheumatic heart disease is a chronic disease affecting the heart valves mainly 
resulting from recurrent severe attacks of acute rheumatic fever (ARF) [3], and 
considered as one of the most common leading causes of cardiovascular diseases 
mortality in developing countries in children, adolescent and young adults [4].  

The RDW% is a quantitative parameter representing red blood cells size and 
reflects heterogeneity in its volume [5]. RDW% is used as an indicator of in-
flammation and potential marker of prognosis in cardiovascular events of vari-
ous diseases [6]. 

Platelets have emerged as an important marker for various types of diseases. 
They are multifunctional blood particles and regarded to be very important 
clinical targets for many diseases pathophysiology. In addition to playing a cen-
tral role in normal hemostasis and thrombosis, platelets can make important 
contributions to host inflammatory and immune responses to infection or injury. 
Under uncontrolled pathological conditions, they have profound roles in patho-
genic processes underlying atherosclerosis, cardiovascular diseases and uncon-
trolled inflammation [7]. The MPV and PDW are potential biomarkers of car-
diovascular diseases (CVD) [8]. 

2. Aim of the Work 

To investigate the relationship between RDW%, platelets count and its indices 
(MPV and PDW) in one side and chronic heart diseases either congenital or 
rheumatic on other side, also to investigate if there is a relationship between those 
parameters and severity of illness and decompensation in both RHD and CHD in 
order to promote early intervention and allow better out come in such patients. 

3. Patients and Methods 

This was a case controls study carried on 151 patients diagnosed as CHD or RHD 
aged from 6 months to 12 years old, selected from Al Zahraa University Hospital 
and National Heart Institute in the period from September 2018 to July 2019. 
Another 80 apparently healthy children age and sex matched with patients groups. 

3.1. Inclusion Criteria 

*Case groups: 
• age: from 6 months to 12 years.  
• sex: both sex were included. 

The study population Included 151 cases subclassified into: 
• Congenital heart disease group included 111case, 41case with CCHD and 70 
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case with acyanotic CHD, both cyanotic and acyanotic CHD could be com-
pensated or decompensated. 

• Rheumatic heart disease group included 40 case, 17 case with one valve affec-
tion and 23 case with more than one valve lesion, both of them either de-
compensated or compensated. 

*Controls: 
Eighty apparently healthy children age and sex matched with patients groups.  

3.2. Exclusion Criteria 

• Any chronic disease other than rheumatic heart disease. 
• Blood diseases. 
• Other Chronic inflammation or infection. 
• Obese children and adolescents were also excluded from this study. 

4. Methods 

All cases were subjected to complete history taking, general and cardiac exami-
nation, laboratory investigation in the form of complete blood count to study 
(RDW%, MPV, PDW, platelets count), CRP, ESR and echocardiography exami-
nation using (Mindray M9 SC9101557, NYE 91102267, CC1-92000913) (GE Vi-
vid S 5N, 0503788VS5N). MPV was measured within 30 minutes of sampling by 
Bechman Counter (USA) in a blood sample collected in citrate (1:4 v/v) in order 
to avoid platelets swelling induced by EDTA. 

4.1. Statistical Analysis 

Recorded data were analyzed by statistical package for social sciences, version 
20.0 (SPSS Inc., Chicago, Illinois, USA). Quantitative data were expressed as 
mean ± standard deviation (SD) while qualitative data were expressed as fre-
quency and percentage. Independent-samples t-test of significance was used for 
comparing between two means. A one-way analysis of variance (ANOVA) com-
pared between more than two means. Hoc test used to detect differences in sig-
nificant ANOVA test between multiple comparisons of different variables. While 
Chi-square (X2) test was used in comparison between qualitative parameters. 
Receiver operating characteristic (ROC curve) analysis was used to predict se-
verity in CHD and RHD, best cut-off value, sensitivity and specificity at this 
cut-off value. The confidence interval was set to 95% and 5% was the margin er-
ror. So, the P-value <0.05 was considered significant, P-value <0.001 was highly 
significant and P-value >0.05 was insignificant. 

4.2. Ethical Consideration 

The protocol of this study was approved by ethical committee of faculty of Med-
icine for Girls-Al-Azhar University.  

An informed oral consent was obtained from all parents of patients before 
getting them involved in this study.  
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5. Results 

Regarding demographic data of cases and controls, there was no significant dif-
ference between them, and clinical data of patient showed that there was 91% of 
CHD patients on antifailure medication, 73.9% of them has pan systolic murmur 
(PSM) and 45.9% presented by shortness of breath, while 100% of RHD patients 
had history of repeated tonsillitis, 95% of them had history of long acting peni-
cillin, 75% has PSM and 47.5% presented by shortness of breath (Table 1(a), 
Table 1(b)). 

In CHD subgroups, our study showed that RDW%, MPV, PDW and CRP were 
higher, while the mean values of platelets count and ESR were lower in cases 
with cyanotic compared to acyanotic CHD (Table 2(a), Table 2(b)). 

In RHD subgroups, also the mean values of RDW%, platelets count, CRP and 
ESR were higher, while the mean values of MPV and PDW were lower in de-
compensated compared to compensated RHD either with one valve or more than 
one valve lesion (Table 3(a), Table 3(b)). 
 
Table 1. (a) Demographic data of studied groups; (b) Clinical characteristics of studied 
cases. 

(a) 

Demographic Data 
Patients 

(n = 151) 
Controls 
(n = 80) 

t/x2# p-value 

Age (years) 
    

Mean ± SD 5.66 ± 4.34 6.58 ± 4.30 
1.356 0.126 

Range 0.5 - 12 0.5 - 12 

Sex 
    

Female 86 (57.0%) 54 (67.5%) 
2.436# 0.119 

Male 65 (43.0%) 26 (32.5%) 

(b) 

 Congenital Rheumatic 

Frequency of the clinical findings   

Shortness of breath 51 (45.9%) 19 (47.5%) 

Cyanosis 36 (32.4%) 0 (0.0%) 

History of recurrent cyanotic spells 23 (20.7%) 0 (0.0%) 

Antifailure medication 101 (91.0%) 23 (57.5%) 

Recurrent heart failure 29 (26.1%) 2 (5%) 

History of repeated tonsillitis 3 (2.7%) 40 (100.0%) 

History of long acting penicilline 0 (0.0%) 38 (95.0%) 

Enlarged tender liver 32 (28.8%) 8 (20.0%) 

Pan systolic murmur (PSM) 82 (73.9%) 30 (75.0%) 
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Table 2. (a) Comparison between congenital heart disease subgroups either decompensated or compensated as regard laboratory 
data readings; (b) Comparison between congenital heart disease subgroups either decompensated or compensated as regard la-
boratory data results using Post Hoc analysis: Tukey test. 

(a) 

Laboratory data 

Decompensated CHD (n = 45) Compensated CHD (n = 66) 
Controls  
(n = 80) 

F p-value Cyanotic 
CHD (n = 10) 

Acyanotic 
CHD (n = 35) 

Cyanotic 
CHD (n = 31) 

Acyanotic 
CHD (n = 35) 

RDW%        

Mean ± SD 17.01 ± 4.57 16.27 ± 3.24 14.45 ± 2.72 13.02 ± 1.69 11.31 ± 1.12 
37.959 <0.001* 

Range 13 - 25 11.2 - 22.3 11.1 - 21.4 10.4 - 16.5 8.5 - 13 

Platelets count ×103/µl        

Mean ± SD 187.10 ± 80.26 310.77 ± 145.98 203.45 ± 85.80 351.86 ± 104.72 242.08 ± 83.80 
13.424 <0.001* 

Range 75 - 344 146 - 635 68 - 342 210 - 547 4 - 362 

MPV fl        

Mean ± SD 9.52 ± 0.46 8.97 ± 0.99 9.10 ± 0.81 7.72 ± 0.85 8.52 ± 0.61 
20.634 <0.001* 

Range 8.9 - 10 6.9 - 10.9 7.8 - 10.3 5.1 - 9.1 7.79 - 9.9 

PDW fl        

Mean ± SD 13.81 ± 2.33 12.80 ± 2.19 14.26 ± 2.25 11.50 ± 2.08 12.06 ± 1.13 
12.665 <0.001* 

Range 11 - 17 10.3 - 20.5 10.2 - 17 8.3 - 16 8.46 - 14.7 

CRP mg/l        

Mean ± SD 43.21 ± 16.79 9.58 ± 16.20 5.51 ± 6.56 1.67 ± 2.66 Standard  
variation 

38.781 <0.001** 
Range 19 - 78 0 - 58 0 - 28 0 - 10.19 

ESR mm/h        

Mean ± SD 14.67 ± 8.91 26.46 ± 22.76 6.44 ± 7.37 16.82 ± 16.30 Standard  
variation 

8.169 <0.001** 
Range 1 - 24 4 - 88 0 - 37.7 0 - 75 

*Denote significant, RDW%: red cell distribution, MPV: mean platelet volume, PDW: platelet distribution width, fl: femtoliter, CRP: C-reactive protein, 
mg/l: melligram per liter, ESR: erythrocyte sedimentation rate, mm/h: millimeter per hour. 

(b) 

 

Post Hoc analysis: Tukey test 

Decompensated CHD Compensate CHD Cyanotic CHD Acyanotic CHD 

Cyanotic/Acyanotic Cyanotic/Acyanotic 
Decompensated/ 

Compensated 
Decompensated/ 

Compensated 

RDW% 0.602 0.012* 0.007* <0.001** 

Platelets ×103/µl 0.001* <0.001** 0.660 0.093 

MPV fl 0.046* <0.001** 0.130 <0.001** 

PDW fl 0.121 <0.001** 0.495 0.003* 

CRP mg/l <0.001** 0.159 <0.001** 0.003* 

ESR mm/h 0.048* 0.012* 0.172 0.016* 
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Table 3. (a) Comparison between rheumatic heart disease subgroups either decompensated or compensated as regard laboratory 
data readings; (b) Comparison between rheumatic heart disease subgroups either decompensated or compensated as regard labor-
atory data results using Post Hoc analysis: Tukey test. 

(a) 

CBC 

Decompensated RHD (n = 17) Compensated RHD (n = 23) 

Controls F p-value RHD one valve 
(n = 8) 

RHD more than 
one valve (n = 9) 

RHD one valve  
(n = 9) 

RHD more than 
one valve (n = 14) 

RDW%        

Mean ± SD 14.03 ± 1.12 14.76 ± 1.54 13.03 ± 1.95 13.57 ± 0.50 11.31 ± 1.12 
32.519 <0.001** 

Range 12.6 - 15.1 12.3 - 17.4 10.4 - 17 12.6 - 14.1 8.5 - 13 

Platelets count ×103/µl        

Mean ± SD 377.38 ± 32.73 396.33 ± 17.56 310.33 ± 52.13 335.36 ± 32.03 242.08 ± 83.80 
17.431 <0.001** 

Range 340 - 440 380 - 430 227 - 411 278 - 376 4 - 362 

MPV fl        

Mean ± SD 8.15 ± 0.20 7.72 ± 0.66 8.68 ± 0.44 8.71 ± 0.48 8.52 ± 0.61 
5.608 <0.001** 

Range 7.7 - 8.3 6.8 - 9 7.8 - 9.2 8.3 - 9.8 7.79 - 9.9 

PDW fl        

Mean ± SD 11.05 ± 1.21 10.63 ± 1.67 12.42 ± 1.80 13.02 ± 1.04 12.06 ± 1.13 
6.723 <0.001** 

Range 10 - 13.4 7.1 - 13.5 8.8 - 14.8 11.2 - 14.7 8.46 - 14.7 

CRP mg/l        

Mean ± SD 29.73 ± 22.57 34.29 ± 34.90 4.22 ± 4.31 5.96 ± 3.51 Standard  
variation 

6.307 0.002* 
Range 8.8 - 79 10 - 105 0 - 11 1.5 - 9.2 

ESR mm/h        

Mean ± SD 45.38 ± 9.40 67.89 ± 39.24 8.19 ± 5.05 10.13 ± 3.72 Standard  
variation 

22.174 <0.001** 
Range 33 - 58 13 - 125 4.1 - 17 6 - 17.4 

(b) 

 

Post Hoc analysis: Tukey test 

Decompensated RHD Compensated RHD RHD one valve RHD two valve 

Two valve/One valve Two valve/One valve 
Decompensated/ 

Compensated 
Decompensated/ 

Compensated 

RDW% 0.205 0.288 0.086 0.021* 

Platelets 103/µl 0.590 0.419 0.059* 0.051* 

MPV fl 0.126 0.881 0.060 <0.001** 

PDW fl 0.486 0.255 0.023* 0.001** 

CRP mg/l 0.632 0.836 0.011* 0.002* 

ESR mm/h 0.021* 0.815 <0.001** <0.001** 
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In CHD cases the RDW%, MPV and PDW levels were significantly higher 
compared to both RHD and controls. The mean platelets count increased in 
RHD in comparison to either CHD or controls. Increase CRP and ESR in RHD 
than CHD (Table 4(a)-(c)). 

The mean values of RDW%, MPV and PDW increase in decompensated CHD 
than decompensated RHD, while increase platelets count, CRP and ESR in de-
compensated RHD compared to decompensated CHD (Table 5(a), Table 5(b)).  

Our results also, showed that there was a significant positive correlation be-
tween RDW%, MPV, CRP and ESR with left ventricular end diastolic dimension 
(LVEDD) and left ventricular end systolic dimension (LVESD),while negative 
correlation with ejection fraction (EF%) in CHD cases (Table 6). 

Also our study showed that, positive correlation between RDW% with LVESD 
and pulmonary artery pressure (PAP), were negative correlation with EF%. The 
MPV, PDW correlated negatively with LVEDD, LVESD and PAP, while corre-
lated positively with EF%. Platelets count correlated positively with LVEDD and 
LVESD, and negatively with EF%. No significant correlation between Platelets 
count with PAP in RHD cases (Table 7). 

The results of the ROC curve analysis revealed that RDW% cut off point was > 
13.8% (Table 8). Also the best cut-off point regarding platelets count was less 
than 295 × 103/µl, MPVfl was more than 8.7 fl and PDWfl was found more than 
13.5 fl. So it could be considered as useful markers in the follow up assessment of 
CHD and RHD patients for early detection of complication (Table 9) (Figure 1, 
Figure 2). 

6. Discussion 

The present study showed that increased RDW% value in all cases with CHD 
than controls. Cases with CHD in the presence of heart failure (HF), showed 
significant increase of RDW% in all cases with decompensated CHD in compar-
ison to cases with compensated CHD, also significant increase of RDW% in de-
compensated cases either with (CCHD or acyanotic CHD). 

These results come in line with a previous study which reported that preoper-
ative elevated RDW% is a novel and strong predictor of adverse outcomes for 
children undergoing cardiac surgery for CHD [9], which was similar to the re-
sults of Polat et al. [10]. 

Also agreed with our results, Mawlana et al., evaluated the relation between 
RDW% and left ventricular function in children with HF, and found that RDW% 
higher in those patients [11]. 

This observation can be explained by that erythrocytes are more vulnerable to 
the effects of oxidative damage. Oxidative stress decreases production of eryt-
hropoietin and aggravates destructive process of erythrocytes leading to ineffec-
tive production of red blood cells. Erythrocyte damage decreases in the life cycle 
of available erythrocytes, and entrance of the immature erythrocytes into the 
general circulation increases level of RDW% [12].  

https://doi.org/10.4236/ojped.2021.111008


H. F. Hussein et al. 
 

 

DOI: 10.4236/ojped.2021.111008 85 Open Journal of Pediatrics 
 

Table 4. (a) Comparison between all studied groups as regard CBC parameters readings; (b) Comparison of CBC parameters re-
sults between all studied groups using Post Hoc analysis: Tukey test; (c) Comparison between all congenital and rheumatic heart 
disease groups as regard inflammatory markers readings and results. 

(a) 

CBC Congenital (n = 111) Rheumatic (n = 40) Controls (n = 80) F p-value 

RDW%      

Mean ± SD 14.78 ± 3.15 13.81 ± 1.40 11.31 ± 1.12 
51.074 <0.001** 

Range 10.4 - 25 10.4 - 17.4 8.5 - 13 

Platelets count ×103/µl      

Mean ± SD 282.61 ± 129.94 351.85 ± 47.34 242.08 ± 83.80 
14.697 <0.001** 

Range 68 - 635 227 - 440 4 - 362 

MPV fl      

Mean ± SD 8.66 ± 1.07 8.37 ± 0.62 8.52 ± 0.61 
1.786 0.170 

Range 5.1 - 10.9 6.8 - 9.8 7.79 - 9.9 

PDW fl      

Mean ± SD 12.89 ± 2.42 11.96 ± 1.70 12.06 ± 1.13 
5.719 0.004* 

Range 8.3 - 20.5 7.1 - 14.8 8.46 - 14.7 

(b) 

 
Post Hoc analysis: Tukey test 

Congenital/controls Rheumatic/controls Congenital/rheumatic 

RDW% 0.027* <0.001** <0.001** 

Platelets ×103/µl <0.001** 0.009* <0.001** 

MPV fl 0.007* 0.282 0.358 

PDW fl 0.010* 0.004* 0.779 

(c) 

Inflammatory markers Congenital (n = 111) Rheumatic (n = 40) t-test p-value 

CRP mg/l     

Mean ± SD 8.97 ± 15.65 16.70 ± 23.08 
−2.335 0.021* 

Range 0 - 78 0 - 105 

ESR mm/h     

Mean ± SD 16.76 ± 18.00 29.74 ± 31.19 
−3.166 0.002* 

Range 0 - 88 4.1 - 125 
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Table 5. (a) Comparison between all congenital and rheumatic heart disease either decompensated or compensated as regard 
laboratory data readings; (b) Comparison between congenital and rheumatic heart disease groups either compensated or decom-
pensated as regard laboratory data results using Post Hoc analysis: Tukey test. 

(a) 

 
Decompensated heart disease Compensated heart disease 

F p-value 
CHD (n = 45) RHD (n = 17) CHD (n = 66) RHD (n = 23) 

RDW%       

Mean ± SD 616.37 ± 3.52 14.41 ± 1.37 13.69 ± 2.33 13.36 ± 1.27 
40.919 <0.001** 

Range 11.2 - 25 12.3 - 17.4 10.4 - 21.4 10.4 - 17 

Platelets count ×103/µl       

Mean ± SD 283.29 ± 143.14 387.41 ± 26.80 282.15 ± 121.26 325.57 ± 41.84 
8.254 <0.001** 

Range 75 - 635 340 - 440 68 - 547 227 - 411 

MPV fl       

Mean ± SD 9.09 ± 0.93 7.92 ± 0.53 8.37 ± 1.08 8.70 ± 0.46 
8.426 <0.001** 

Range 6.9 - 10.9 6.8 - 9 5.1 - 10.3 7.8 - 9.8 

PDW fl       

Mean ± SD 13.02 ± 2.24 10.83 ± 1.44 12.80 ± 2.56 12.79 ± 1.38 
5.641 <0.001* 

Range 10.3 - 20.5 7.1 - 13.5 8.3 - 17 8.8 - 14.8 

CRP mg/l       

Mean ± SD 17.22 ± 21.53 32.14 ± 28.94 3.47 ± 5.23 5.28 ± 3.84 
18.942 <0.001** 

Range 0 - 78 8.8 - 105 0 - 28 0 - 11 

ESR mm/h       

Mean ± SD 23.84 ± 21.00 57.29 ± 30.71 11.94 ± 13.83 9.37 ± 4.29 
32.284 <0.001** 

Range 1 - 88 13 - 125 0 - 75 4.1 - 17.4 

(b) 

 

Post Hoc analysis: Tukey test 

Decompensated  
heart disease 

Compensated  
heart disease 

CHD RHD 

CHD/RHD CHD/RHD 
Decompensated/ 

Compensated 
Decompensated/ 

Compensated 

RDW% 0.002* 0.530 <0.001** 0.131 

Platelets ×103/µl 0.001* 0.087 0.955 0.065 

MPV fl <0.001** 0.095 <0.001** 0.003* 

PDW fl <0.001** 0.985 0.539 0.002* 

CRP mg/l 0.001* 0.633 <0.001** <0.001** 

ESR mm/h <0.001** 0.555 0.001* <0.001** 
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Table 6. Correlation study between laboratory data with age and clinical findings of all cases with congenital heart disease. 

Congenital 
RBC  

×106/µl 
Hb g/dl HTC% RDW% 

Platelets 
×103/µl 

MPV fl PDW fl CRP mg/l ESR mm/h 

Age (years) 
r-value −0.038 −0.102 −0.125 0.093 0.022 −0.068 0.027 0.078 −0.016 

p-value 0.692 0.285 0.191 0.333 0.823 0.481 0.777 0.421 0.865 

RR C/M 
r-value 0.017 0.063 0.113 0.150 −0.278 0.122 0.025 0.203 −0.068 

p-value 0.863 0.509 0.239 0.117 0.003* 0.201 0.796 0.033* 0.481 

HR b/m 
r-value 0.007 −0.194 −0.106 0.205 −0.129 0.004 −0.001 0.280 −0.092 

p-value 0.940 0.041* 0.269 0.031* 0.176 0.967 0.990 0.003* 0.335 

LVEDD 
r-value −0.300 −0.356 −0.335 0.384 0.043 0.285 0.059 0.308 0.298 

p-value 0.001* <0.001** <0.001** <0.001** 0.658 0.003* 0.541 0.001* 0.002* 

LVESD 
r-value −0.341 −0.422 −0.394 0.416 −0.004 0.315 0.046 0.286 0.282 

p-value <0.001** <0.001** <0.001** <0.001** 0.969 0.001* 0.628 0.002* 0.003* 

PAP 
r-value 0.286 0.192 0.270 0.021 −0.079 0.118 0.222 −0.006 −0.134 

p-value 0.002* 0.043* 0.004* 0.826 0.412 0.219 0.019* 0.952 0.160 

EF% 
r-value 0.373 0.439 0.389 −0.372 −0.060 −0.237 0.036 −0.320 −0.325 

p-value <0.001** <0.001** <0.001** <0.001** 0.530 0.012* 0.706 0.001* 0.001* 

RR: respiratory rate, HR: heart rate, LVEDD: Left Ventericular End Diastolic diameter, LVESD: Left Ventericular End Systolic diameter, PAP: Pulmonary 
Artery Pressure, EF%: Ejection Fraction%. 

 
Table 7. Correlation study between laboratory data with age and clinical findings of all cases with rheumatic heart disease. 

Rheumatic 
RBC  

×106/µl 
Hb g/dl HTC% RDW% 

Platelets 
×103/µl 

MPV fl PDW fl CRP mg/l ESR mm/h 

Age (years) 
r-value −0.093 −0.158 −0.084 0.128 0.287 −0.112 0.049 0.045 0.082 

p-value 0.568 0.331 0.607 0.433 0.073 0.493 0.764 0.781 0.616 

RR C/M 
r-value −0.643 −0.347 −0.434 0.347 0.607 −0.609 −0.505 0.508 0.679 

p-value <0.001** 0.028* 0.005* 0.028* <0.001** <0.001** 0.001* 0.001* <0.001** 

HR b/m 
r-value −0.492 −0.222 −0.286 0.306 0.553 −0.594 −0.452 0.415 0.636 

p-value 0.001* 0.168 0.073 0.055* <0.001** <0.001** 0.003* 0.008* <0.001** 

LVEDD 
r-value −0.411 −0.155 −0.211 0.278 0.452 −0.315 −0.337 0.149 0.461 

p-value 0.008* 0.340 0.191 0.082 0.003* 0.048* 0.033* 0.360 0.003* 

LVESD 
r-value −0.563 −0.416 −0.394 0.389 0.557 −0.459 −0.396 0.476 0.614 

p-value <0.001** 0.008* 0.012* 0.013* <0.001** 0.003* 0.011* 0.002* <0.001** 

PAP 
r-value −0.283 −0.224 −0.162 0.457 0.264 −0.419 −0.369 0.083 0.469 

p-value 0.077 0.164 0.319 0.003* 0.100 0.007* 0.019* 0.612 0.002* 

EF% 
r-value 0.640 0.335 0.391 −0.312 −0.643 0.564 0.482 −0.444 −0.677 

p-value <0.001** 0.035* 0.013* 0.050* <0.001** <0.001** 0.002* 0.004* <0.001** 
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Table 8. Cut off point for RBC parameters and indices as predictor of severity in chronic 
heart disease either congenital or rheumatic heart disease. 

RBC count  
and RBC  
indices 

Cut-off Sensitivity Specificity 
Positive  

predictive  
value (PPV) 

Negative 
predictive  

value (NPV) 

Area under 
the curve 

(AUC) 

HTC% >34 43.2% 70% 80% 30.8% 0.542 

MCV fl <74 55.8% 42.5% 73% 45% 0.541 

RDW% >13.8 51.4% 57.5% 77% 48.2% 0.542 

RBC ×106/µl >4.48 58.6% 50% 76.5% 40.3% 0.591 

Hb g/dl >11.4 48.2% 52.5% 74.1% 36.9% 0.501 

 
Table 9. Cut off point for platelets count and platelet indices as predictor for severity in 
chronic heart disease cases either congenital or rheumatic heart disease. 

Platelets count and  
platelet indices 

Cut-off Sen. Spe. PPV NPV AUC 

Platelets ×103/µl <295 61.3% 92.5% 95.8% 46.3% 0.742 

MPV fl >8.7 47.7% 82.5% 88.3% 36.3% 0.597 

PDW fl >13.5 36.0% 87.5% 88.9% 33% 0.589 

 

 
Figure 1. Receiver operating characteristic curve (ROC) of RBCs and RBC indices as pre-
dictor of severity in congenital and rheumatic heart disease. 
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Figure 2. Receiver operating characteristic curve (ROC) of platelets count and platelet 
indices as predictor of severity in congenital and rheumatic heart disease. 

 
In the present study children with compensated CCHD showed significantly 

higher value of RDW% in comparison to children with acyanotic heart disease. 
This result agreed with Animasahun et al. who found that, RDW% was signif-

icantly higher in children with CCHD compared to controls [13]. Increased 
RDW% is an indicator of the variation in erythrocyte volume which is expected 
to be increased when there is an exaggerated hematopoietic response as found in 
children with CCHD [14].  

In the present study, children with CHD showed significant positive correla-
tion between RDW% with LVEDD and LVESD. While EF% showed significant 
negative correlation with RDW%, which means that left ventricular failure in 
children with CHD (as reflected in Echo by increased dimensions LVEDD, 
LVESD and decreased EF%) causes significant increase of RDW%.  

Mawlana et al. stated that, RDW% significantly correlated with Echo parame-
ters for evaluation of left ventricular function in children with heart failure. So 
RDW% considered as a simple, available test, can be used as a marker for the left 
ventricular failure in children with CHD until an echo assessment for the pa-
tients is done [11]. 

Also, Yudha et al., found a relationship between RDW% and the parameters 
of left ventricular function in patients with acyanotic CHD, also found a rela-
tionship between RDW% with EF% in patients with atrial septal defect [15]. 

Yang et al., mentioned that a higher RDW% was independently correlated 
with a lower left ventricular ejection fraction (LVEF%) among hypertrophic car-
diomyopathy patients with HF [16], which was similar to the results of Al-Najjar 
et al. [17].  
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This results could be explained by activation of the renin−angiotensin system 
in HF which associated with increased erythropoiesis lead to increase RDW% 
[18].  

As regard mean platelets count in studied cases with CHD, our study showed 
increases the mean value of platelets count in all cases with CHD in comparison 
to controls, but in cases with CHD complicated with HF the mean platelets 
count decreases especially in those patients with cyanotic (187.10 ± 80.26) in 
comparison to acyanotic CHD (310.77 ± 145.98).  

Even in compensated CHD cases presence of cyanosis causes significant de-
creases in mean platelets count (203.45 ± 85.80) in comparison to CHD cases 
without cyanosis (351.86 ± 104.72). 

Animasahun et al. found that, lower values of platelets count noticed in CCHD 
patients compared to the controls [13]. The pathogenesis of thrombocytopenia 
in cyanotic disease conditions are decreases platelets and megakaryocyte pro-
duction, increase platelets activation and destruction. These mechanisms occur 
largely from reduced platelet production in the lung beds from less shunting of 
blood through the pulmonary veins in cyanotic heart diseases and delivery of 
megakaryocytes to the systemic arterial circulation through the shunt [19]. 

The MPV and PDW are markers of platelets activation. In the present study, 
there was significant increase in the mean values of MPV and PDW in all cases 
with CHD compared to controls. 

The present study results showed that there was an effect of HF within CHD 
cases, the mean value of MPV increases in all cases with decompensated CHD 
compared to cases with compensated CHD.  

In acyanotic CHD with HF, significant increase in MPV and PDW in cases 
with decompensated acyanotic CHD than cases with compensated acyanotic 
CHD. 

Also our results showed that the presence of HF in congenital cyanotic and 
acyanotic heart disease, causes significant increase of MPV in cases with cyanot-
ic compared to cases with acyanotic CHD. 

Even in the absence of HF we found that, the mean values of MPV and PDW 
increased in cases with CCHD compared to cases with acyanotic CHD.  

Mese et al. mentioned that, MPV and PDW were increased in children with 
CHD associated pulmonary arterial hypertension (PAH) in comparison to cases 
without PAH and controls, they might give clue about disease severity [20]. 

Also Kaya et al. found that, MPV level were higher in the atrial septal defect 
(ASD) group than the control group [21].  

Sato et al. found that, increase MPV and PDW in CHD patients with HF, and 
decrease MPV and PDW after treatment of HF [22]. 

Endothelial dysfunction in the setting of PAH may lead to increase procoagu-
lant activity, inappropriate fibrinolysis and platelet activation [23]. Endothelial 
dysfunction may also result in an imbalance of vasoactive mediators. Proaggre-
gatory thromboxane A2 level was increased, whereas nitric oxide and prostacyc-
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lin (inhibit platelet aggregation) levels are decreased in patients with PAH [24].  
The present study showed positive correlation between MPV with both LVEDD 

and LVESD, and negative correlation with EF%. While, there was positive cor-
relation between PDW with PAP in CHD cases.  

Sato et al. stated that, platelet volume indices correlated to severity of HF and 
have prognostic value for both cardiac and thrombotic events in patients with 
CHD [22]. 

Açikgöz et al. found that, Patients with idiopathic or ischemic cardiomyopa-
thy have higher MPV values indicating tendency to platelet aggregation regard-
less of the etiology, when compared to controls and an enlarged dysfunctional 
left ventricle may also be associated with higher MPV values [25]. 

In addition, Kaya et al. mentioned that, MPV correlated positively with sys-
tolic PAP and right ventricular diameter in ASD patients [21]. 

Our study showed that significant increase of CRP and ESR in all cases with 
decompensated CHD compared to cases with compensated CHD. Also an sig-
nificant increase of CRP and ESR in cases with decompensated acyanotic CHD 
compared to cases with compensated acyanotic CHD was detected. 

As well as, increase CRP in cases with decompensated CCHD compared to 
cases with both compensated CCHD and cases with decompensated acyanotic 
CHD.  

The mean values of ESR lower in cases with CCHD either (decompensated or 
compensated) compared to cases with acyanotic CHD. 

In cases with CHD, the current study results showed that positive correlation 
between CRP and ESR with LVEDD and LVESD. While, there was negative cor-
relation between CRP with EF%.  

Nassef et al. detected significantly elevated levels of CRP in CHD, with per-
centage increase in cyanotic than acyanotic patient as compared to the normal 
one [26]. The significant elevation in CRP is in a good agreement with Kantor 
and Rusconi, they found that CRP is associated with symptom severity, and able 
to discriminate between clinical severity groups [27]. 

Rheumatic carditis is an autoimmune inflammatory disorder that develops 
due to the body’s abnormal and exaggerated immune response against beta he-
molytic streptococci. The disease occurs through a cytokine mediated inflam-
matory reaction in which both cellular and humoral immune mechanisms play a 
role in susceptible individuals [28]. 

As regard cases with RHD, our study showed that significantly higher RDW% 
value in all cases with RHD than controls.  

Also our study showed that the effect of HF within cases with RHD, signifi-
cant increase RDW% in cases with decompensated RHD than cases with com-
pensated RHD with more than one valve affection.  

Karpuz et al. stated that, increase of RDW% in patients with RHD compared 
to controls, suggests that RDW% is a marker of the underlying chronic inflam-
mation, which increases the risk of cardiovascular disease [29].  
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Also Kucuk et al. mentioned that RDW% was significantly higher in patients 
with acute rheumatic carditis (ARC) compared with healthy controls, both at the 
time of diagnosis and after medical therapy. Moreover, RDW% levels increased 
with the severity of the mitral regurgitation. They also discovered that RDW% is 
higher in rheumatic carditis patients with multiple valvular involvement and in-
creases with the severity of mitral regurgitation, indicating that RDW% is also 
associated with inflammation severity for this subgroup of patients. A high 
RDW% even after treatment may predict future stenotic valvular lesions in pa-
tients with ARC. Increase RDW% might be due to high level of cytokines in cir-
culation. From another perspective, these cytokine levels might be elevated in 
patients with rheumatic carditis even after appropriate medical treatment [30]. 

Another study has speculated that inflammation could suppress the matura-
tion of red blood cells while shortening their lifespan, resulting in elevated 
RDW% [31].  

The RDW% correlated positively with LVESD and PAP. While RDW% corre-
lated negatively with EF% in cases with RHD.  

Wasilewski et al. evaluated the prognostic value of RDW% in patients with left 
ventricular systolic dysfunction, and found that the highest RDW% tertile, with 
significantly lower LVEF%, higher end-systolic and end-diastolic volumes as 
well as diameters, with a significantly higher occurrence of both mitral and aor-
tic severe valve disease compared with patients in low and medium tertiles [32]. 

Anisocytosis may play a direct role in the onset and progressive worsening of 
HF. The erythrocyte size heterogeneity mirrors a reduced (often severely im-
paired) function of this essential corpuscular blood elements. In conditions of 
high anisocytosis, RBCs are often characterized by lower deformability and de-
creased oxygen-carrier capacity, thus contributing to reduced oxygenation of 
many peripheral tissues and cells (including cardiomyocytes), whilst abnormal 
erythrocytes may also actively participate in the pathogenesis of cardiac fibrosis 
through promotion or amplification of inflammation, cardiomyocyte stress and 
apoptosis [33]. 

As regard mean platelets count our results showed that, significant increase of 
mean value of platelets count in all cases with RHD compared to controls. 

Cases with RHD in the presence of HF showed significant increase of mean 
platelets count in RHD subgroups either with one valve or more than one valve 
lesion.  

Our study showed that positive correlation between platelets count with LVEDD 
and LVESD. Whlie negative correlation with EF% in RHD cases.  

Kucuk et al. mentioned that platelets count significantly higher in patient with 
acute rheumatic carditis compared with controls at the time of diagnosis, prior 
to the onset of treatment [30]. Platelets increase in number with stimulus such as 
inflammation and chronic systemic infection, and lead to over production of in-
flammatory cytokines [34]. 

In patients with ongoing inflammation, the increasing concentration of proin-
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flammatory cytokines, mainly IL-6, can lead to platelets release. This is asso-
ciated with the stimulation of thrombopoietin generation by IL-6 and with a di-
rect effect of this cytokine on megakaryocytes. IL-6 causes an increase in the 
ploidy of megakaryocytic nuclei and an increase in cytoplasm volume, which in 
consequence leads to the production of a large number of blood platelets [35]. 

The mean value of PDW decreases in all cases with RHD compared to con-
trols. In addition, as regard effect of HF in cases with RHD; there was significant 
decrease of MPV and PDW values in all cases with decompensated RHD com-
pared to cases with compensated RHD. So, the heart failure has an effective role.  

The mean values of MPV and PDW decreased in cases with decompensated 
RHD either they have one valve or more than one valve lesion compared to com-
pensated cases. 

The present study results showed negative correlation between MPV and PDW 
with LVEDD, LVESD, and PAP. While there was positive correlation with EF% 
in cases with RHD.  

In agreement with our results Sert et al., showed that increasing platelets count 
and decreasing MPV values in patients with rheumatic fever (RF) during the 
acute phase of illness [36]. 

Also Çilsal et al. mentioned that the carditis group had significantly lower 
MPV value than controls groups [37]. It has been hypothesized that decreased 
MPV values may indicate the intensity of the inflammatory process in condi-
tions with elevated inflammatory markers. Excessive production of cytokines, 
such as IL-6 and acute phase reactants, may affect the platelets production and 
suppress the size of the platelets released from the bone marrow. Moreover, IL-6 
release and/or intensive consumption of larger platelets in the areas of inflam-
mation may contribute to the low MPV during acute ARF attacks [38]. Further 
evidence to support this suggestion is that the inflammatory markers (ESR and 
CRP) were significantly elevated in cases with decompensated RHD. In contrast, 
Özdemir et al. [28] were unable to detect a significant alteration in MPV values 
in children with acute rheumatic carditis. 

As well as Aşık et al. evaluated platelet indices and neutrophil/lymphocytic ra-
tio(NLR) together in children with acute rheumatic fever, and found that signif-
icantly lower MPV and higher NLR values were found in patients with ARF 
compared to the control group were detected [39]. 

Our study showed that, increase CRP and ESR in all cases with decompen-
sated RHD compared to cases with compensated RHD.  

As regard RHD subgroups, our study showed increase CRP and ESR in cases 
with decompensated RHD either in cases they have one valve or in cases with 
more than one valve lesion compared to compensated RHD cases. 

In RHD the present study showed that positive correlation between CRP and 
LVESD. While there is a negative correlation between CRP with EF%. Also our 
study showed that positive correlation between ESR with LVEDD, LVESD and 
PAP. While negative correlation between ESR with EF%.  
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Çelik and Çelik found that, CRP and ESR, were significantly higher in RHD 
patients with acute carditis compared with the controls [40]. 

In an Egyptian study done by Gomaa et al. [41] found that the 1st-h ESR and 
CRP, there were significantly increased values in rheumatic fever group as com-
pared to controls. Kumar, [42] and Farghaly et al. [43] agreed with these results. 
These elevations may be explained by the ongoing inflammatory nature of the 
disease. 

Comparison of the results in cases with CHD or RHD showed that, increase 
RDW% in all cases with CHD compared to cases with RHD, as well as RDW% 
value increase in all cases with decompensated CHD compared to cases with 
decompensated RHD. 

Huang et al. evaluated the prognostic value of RDW% for patients with HF 
and found that RDW% is an effective index for HF prognosis evaluation. This 
means RDW% should be measured when comprehensively assessing the prog-
nosis of HF patients, and more intensive treatment for HF may be needed for 
patients with a higher RDW% [44]. 

Also our study showed that, increase platelets count in all cases with RHD 
compared to cases with CHD, also showed that increase platelets count in all 
cases with decompensated RHD compared to cases with decompensated CHD 
and this related to natural immune role of platelets, which elevated in acute 
phase reaction during the inflammatory process and can reflect the bone mar-
row cells activation secondary to stimulant effect of IL-6 [45]. 

In the presence of HF, the mean values of MPV and PDW showed lower val-
ues in all cases with RHD compared to cases with CHD. 

Platelets activation has a very important role in inflammation; it has been ob-
served to secrete mediators such as chemokines and cytokines [46]. The MPV 
that is associated with serious inflammation [47]. In previously reported studies, 
MPV values were shown to be significantly lower in rheumatoid arthritis and in-
flammatory bowel disease patients with active disease, compared to controls [48] 
[49]. 

Çelik and Çelik discovered increasing platelets count and decreasing MPV 
values in patients with acute rheumatic carditis (ARC), which reflect the inverse 
relationship between changes in platelets count and size [40]. The mechanism of 
increase in platelet volume is thought to be that inflammatory cytokines stimu-
late the production of large, reactive platelets, which have a shorter life span 
[50]. 

The mean value of CRP and ESR increase in all cases with RHD compared to 
cases with CHD also increase in cases with decompensated RHD than cases with 
decompensated CHD.  

The best cut off point calculated in our study for RDW% which is more than 
13.8% with sensitivity of 51.4% and specificity of 57.5%, at area under the curve 
(AUC) of 54.2%, positive predictive value (PPV) is 77% and negative predictive 
value (NPV) is 48.2% as predictor for severity within congenital and rheumatic 
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heart disease cases. 
Our results agreed with Kucuk et al. found that RDW% value above 13.3% can 

detect the inflammation significantly (P = 0.004), with 54% sensitivity and 68.4% 
specificity at AUC of 0.61 (95% CI: 54 - 69.5) with significant positive correla-
tion between the RDW% values before the treatment and the severity of mitral 
regurgitation. Moreover in regression analysis, RDW% was independent pre-
dictor for severe mitral regurgitation [31].  

Also the best cut-off point regarding platelets count was less than 295 × 103/µl 
with sensitivity of 61.3%, specificity of 92.5%, AUC 74.2%, PPV of 95.8% and 
NPV of 46.3%.  

In addition, the best cut-off point for MPVfl was more than 8.7 fl with sensi-
tivity of 47.7%, specificity of 82.5% at AUC 59.7%, PPV is 88.3% and NPV is 
36.3%. also the best cut of point regarding PDWfl was found more than 13.5 fl 
with sensitivity is 36%, specificity of 87.5% at AUC 58.9%, PPV 88.9% and NPV 
is 33%. 

The larger platelets are more active than the smaller ones. This leads to the 
production of more thromboxane A2 and beta thromboglobulin and increases 
the propensity to the prothrombotic state [51]. Previous study have shown that 
increased MPV increases the risk of atherothrombosis and thus cardiovascular 
events [52]. 

In Martin Garcia et al. found that thrombocytopenia significantly increased 
the risk of mortality in Eisenmenger syndrome (ES). Furthermore, raised MPV, 
severe secondary erythrocytosis and anaemia, but not platelets count were asso-
ciated with an increased risk of thrombotic events among ES patients [53]. 

7. Conclusion 

The mean values of RDW% and platelets count were significantly higher in 
children with either congenital or rheumatic heart disease especially those with 
decompensated cardiac function and those with multiple valve lesion. Mean plate-
lets count was decreased in children with cyanotic CHD (either compensated or 
decompensated) in comparison to those with acyanotic CHD. The MPV and 
PDW were increased in children with decompensated CHD but decreased in 
children with decompensated RHD. So they could be considered as simple mar- 
kers in the follow up of patients with CHD or RHD for early detection of serious 
complication. 
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