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ABSTRACT
Objective: The aim of this study was to find out  the effects of two different 
groups of causes of pulmonary hypertention (PH) on mean platelet 
volume(MPV), left and right ventricles by echocardiography.

Methodology: This case control study was conducted in Cardiology Department 
of Ain Shams University Hospital Cairo , Egypt from 1st January 2015 to 30th 
June 2015.The study included consecutive patients from outpatient clinics 
suffering from pulmonary hypertension, chronic obstructive pulmonary disease 
(COPD) and rheumatic mitral stenosis (RMS). The healthy persons were 
matched in age and gender. Non COPD, non-rheumatic constituted the control 
group. Echocardiographic study, respiratory function tests and mean platelet 
volume (MPV) of study population were done. P<0.05 was taken as significant. 

 Results: This study included ninety persons. About  thirty patients had COPDand 
thirty patients had rheumatic mitral stenosis. Additionally  thirty healthy 
individuals were also enrolled. MPV was 11.29 ± 2.39 fl in patients suffering 
from COPD, 11.06 ± 1.56 fl in patients with RMS and 9.61 ± 1.02 fl in control 
persons (p=0.007). As regards to the left side of the heart there were significant 
statistical difference only in end systolic dimension, aortic root and left atrial 
dimensions between the three groups. RMS effected the right side of the heart 
significantly . When subgroup analysis was done, patients with rheumatic mitral 
stenosis showed significant differences between all the studied parameters while 
patients with COPD did not show this significance.   

Conclusions: MPV is higher in patients with different causes of PH than the 
normal subjects but the effect on both sides of the heart are different according to 
the cause of PH.
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INTRODUCTION

METHODOLOGY

subject inspired as rapidly as possible from the maximal 
expiratory level back to maximal inspiration.  The criteria for 

Increase of resting pulmonary artery pressure more than diagnosis of COPD was according to the GOLD 2013 
1  25mmHg is defined as pulmonary hypertension (PH).  All FEV1/FVC less than 70% of the normal.

conditions that alter pulmonary vasculature can lead to 
Blood samples were drawn after a fasting period of 12 h. We pulmonary hypertension which is a hemodynamic 
measured MPV in a blood sample collected in EDTA. The definition. A clinical classification was approved in order to 
measurements were performed immediately after blood individualize different causes of PH having same 
sampling in order to prevent in vitro platelet activation. A hemodynamic criteria, pathological finding and 
Beckman Coulter Gen-S Hematology Analyzer was used for  2management.  There are five groups of disorders that lead to 
whole blood counts.PH, group two include those who suffer from left heart 

disease and group three are those who suffer from chronic This was performed to all subjects according to the same 
3-5lung disease and/or hypoxia.  This classification was protocol with use of GE Medical system Vivid 7 ultrasound 

updated in 2013, classifying PH due to valvular disease as machine equipped with 2-4M Hz sector transducer probe. 
class (2.3) and chronic obstructive pulmonary disease as Routine echocardiography with the standard projections 

 6class (3.1). was done initially and followed by Doppler flow tracing 
registration at the level of mitral and tricuspid valves. All 

Chronic obstructive pulmonary disease (COPD) is the echo-Doppler measurements were analyzed by the average 
second commonest cause of PH after left sided heart of five cardiac cycles, to minimize difference during the  7disease.  The significance of the right heart involvement in  breath cycles. 
healthy and diseased individuals  has been illustrated in 
recent work. Obesity, exercise and usual cardiovascular risk Parameters obtained through parasternal approaches in the 

 factors effect right ventricle in otherwise healthy individuals. M-mode projection were analyzed: left ventricular end 
8,9 diastolic diameter (EDD), left ventricular end systolic   

diameter (ESD), interventricular septum (IVS), left PH is the elevation of pulmonary artery pressure which can 
ventricular posterior wall thickness (PW), aortic root be a consequence of thrombosis, remodeling and 
dimension (Ao) and left atrial diameter (LA). The vasoconstriction which all lead to increase pulmonary 
assessment of the left ventricular systolic function vascular resistance. Platelet activation occurs in patients of 

 10 consisted of left ventricular ejection fraction (EF%) obtained PH as proved by previous studies.  Mean platelet volume is 
according to Simpson´s formula. a marker of platelet activation and is recognized as a risk 

 11predictor of cardiovascular diseases. Right ventricular global systolic function was assessed as 
tricuspid annular plane systolic excursion (TAPSE), by two-The aim of this study was to observe and compare the 
dimensional difference of end-diastolic and end-systolic effects of two different classes of pulmonary hypertension, 
lines (in mm) traced between the center of the ultrasound fan COPD and RMS on MPV, right ventricle and left ventricle.
origin and the junction of right ventricular lateral tricuspid 
annulus, in apical four-chamber view. 

The right ventricle was assessed in the apical four-chamber 
This case control study was conducted in Cardiology view by measuring basal, mid-cavity and longitudinal 
Department of Ain Shams University Hospital Cairo , Egypt dimensions. The right ventricular lateral wall thickness was 
from 1st January 2015 to 30th June 2015. Patients with also measured in this view. ,COPD  rheumatic mitral stenosis from outpatients clinic 

We used the same GE Vivid Seven machine using a were included in the study. Additionally  we enrolled  healthy 
commercially available imaging system equipped with a 2-4 individuals with no history of COPD or rheumatic  heart 
MHZ transducer and secondary harmonic imaging to disease . They were matched in age and gender ad were 
optimize endocardial border visualization. The spectral labeled as controls.  Before inclusion, informed written 
pulsed Doppler signal filters were adjusted until a Nyquist consent was obtained from each patient after full 
limit of 15-20 cm/s and the minimal optimal gain was used. explanation of the study protocol, and the protocol was 
From the apical four chamber view, the longitudinal tricuspid reviewed and approved by our institutional Human Research 
annular velocities were recorded from lateral right Committee as it conforms to the ethical guidelines of the 
ventricular site using PW-DTI.  The values from the above 1975 Declaration of Helsinki, as revised in 2013.
site were used to assess global systolic and diastolic 

Pulmonary function tests (PFT) were done in the pulmonary function. Three major velocities were taken into account: the 
function unit by using the Flow-Volume curves (FVC); the positive peak systolic velocity when the tricuspid ring 
subject performed FVC maneuver by inspiring fully and then moved towards the cardiac apex due to longitudinal 
exhaling as rapidly as possible, to complete the loop, the contraction of the RV (S) and two negative diastolic 
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velocities when the tricuspid annulus moved towards the studied groups . The mean age was 49.97 ± 8.45 years for 
base away from the apex, one during the early phase of the control group, 48.57 ± 6.82 for COPD group and 48.2 ± 

5.53 years for MVD group. Male patients were 15 (50%) in diastole (E)́ and the other in the late phase of diastole (A)́. A 
control group, 22 (73.3%) in COPD group and 17 (56.7%) in mean of five consecutive cycles was used to calculate all 
MVD group.   echo-Doppler parameters. 

Data are presented as mean ± SD. The Chi-squared test 
was used to compare differences between proportions. The 
Analysis of variance (ANOVA) test was used for analysis of 
continuous data. Post- Hoc test was performed for 
comparison between each two of the three variables. A 
probability value of p < 0.05 was considered statistically 
significant. Analyses were performed with SPSS version 
12.0 statistical package (SPSS Inc., Chicago, IL, USA). 11.29 ± 2.39 fl
Differences were considered significant if the null  11.06 ± 1.56 fl
hypothesis could be rejected at the 0.05 probability level. 9.61 ± 1.02 fl in control persons (p=0.007)

Total of 90 patients were included in the study. There was no 
significant difference of age and gender  between the three 

RESULTS

The results of the respiratory function test are shown in table 
1 where there were significant statistical differences 
between the three groups and individual groups. In the COPD 
group, the age was above 40 years old and FEV1/FVC ratio 
< 0.7 as the diagnostic criteria for the group. The mitral 
valve group showed decreased FVC level with normal 
FEV1/FVC ratio (i.e restrictive pattern) (p<0.05).

This study showed that MPV was  in patients 
suffering from COPD,  in patients with RMS 
and .  There 
was no significant statistical difference between COPD and 
RMS patients. Similarly there was no significant statistical 
difference between the three groups as regards the platelets 
(p>0.05) as shown in table 2 .
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Table 1: Respiratory Function Tests of the Pulmonary Hypertension Subgroups and Healthy Control Subjects (n=90)

Parameter COPD
+- Mean SD

 MS Control  ANOVA   p-value  P1  P2 P3

MMEF 23.61 ± 10.98 91.24 ± 39.05 116.47 ± 36.98  0.000  0.000  0.043 0.000

FEV1 43.63 ± 15.15 83.98 ± 19.83 96.66 ± 12.96  0.000  0.000  0.022 0.000

FVC 57.42 ± 17.45 70.72 ± 24.66 87.09 ± 13.15  0.000  0.000  0.013 0.056

FEV1/FVC 59.03 ± 7.27 93.23 ± 6.78 95.10 ± 6.63  0.000  0.000  0.384 0.000

Parameter  COPD MVD Control  ANOVA  p-value  P1  P2  P3

MPV (fl) 11.29 ± 2.39 11.06 ± 1.56 9.61 ± 1.02  0.007  0.006  0.001  0.726

PLT (L)  259.70± 102.74
 

256.30± 109.27 258.15 ± 78.24  0.994  0.957  0.951  0.920

COPD=chronic obstructive pulmonary disease, P1: Comparison between Control group and COPD group. 
MS=mitral stenosis,MMEF=maximal mid expiratory flow, P2: Comparison between Control group and MS group. P3: 
FEV1=forced expiratory volume 1, FVC=forced vital Comparison between COPD group and MS group.   
capacity, MPV=mean platelet volume P >0.05: NS, P <0.05: S, P <0.01: HS

Table 2: Laboratory Findings in Pulmonary Hypertension Subgroups and Healthy Control Subjects (n=90)

COPD=chronic obstructive pulmonary disease, P3: Comparison between COPD group and MS group.       
MS=mitral stenosis, MPV=mean platelet volume, P >0.05: NS, P <0.05: S, P <0.01: HSPLT=platelet 

P1: Comparison between Control group and COPD group. 
P2: Comparison between Control group and MS group.   

+- Mean SD +- Mean SD

+- Mean SD +- Mean SD +- Mean SD
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COPD=chronic obstructive pulmonary disease, atrium
MS=mitral stenosis, IVS=interventricular septum P1: Comparison between Control group and COPD group. 
thickness, EDD=end diastolic dimension, ESD=end P2: Comparison between Control group and MS group.      
systolic dimension, PW=left ventricular posterior wall P3: Comparison between COPD group and MS group.                thickness, EF=ejection fraction, AO=aortic root, LA=left P >0.05: NS, P <0.05: S, P <0.01: HS
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Table 3: Echocardiographic Parameters of the Left Side of the Heart of study population(n=90)

Table 4: Echocardiographic Parameters of the Right Side of the Heart of study population(n=90)

Parameter 
 

COPD
 

MS
 

Control
 

ANOVA  p-value
 

P1
 

P2
 

P3

IVS (mm) 9.95 ± 1.43 9.50 ± 1.57 9.00 ± 1.03  0.097  0.021  0.241  0.350

EDD (mm) 44.35 ± 5.03 48.15 ± 6.01 46.30 ± 6.87  0.145  0.312  0.370  0.036

ESD (mm)
 27.20 ± 5.36

 
32.25 ± 5.51

 
30.45 ± 4.27

 
0.009

 
0.040

 
0.256

 
0.006

PW (mm)
 

10.20 ± 1.28

 
9.90 ± 1.17

 
9.50 ± 1.00

 
0.167

 
0.062

 
0.251

 
0.443

EF (%)

 

66.35 ± 6.52

 

62.05 ± 6.57

 

65.95 ± 5.89

 

0.068

 

0.840

 

0.055

 

0.045

AO (mm)

 

28.35 ± 3.18

 

31.35 ± 3.66

 

30.10 ± 2.95

 

0.019

 

0.079

 

0.242

 

0.009

LA (mm) 38.60 ± 4.51 52.30 ± 7.62 36.10 ± 2.55 0.000 0.037 0.000 0.000

+- Mean SD +- Mean SD +- Mean SD

Parameter COPD MS Control ANOVA  p-value P1 P2 P3

TAPSE (mm)

 

2.10 ± 0.55

 

2.14 ± 0.40

 

5.87

 

± 7.84

 

0.015

 

0.038

 

0.040

 

0.793

TR (mmHg)

 

39.00±9.46
 

43.75 ± 17.01

 

10.60 ± 3.47

 

0.000

 

0.000

 

0.000

 

0.282

RVSP (mmHg)

 

49.00± 9.46 53.75 ± 17.01
 

20.60 ± 3.47
 

0.000
 

0.000
 
0.000

 
0.282

PAT (msec)

 

81.20± 9.96 80.45 ± 10.04

 
132.00 ± 16.34

 
0.000

 
0.000

 
0.000

 
0.814

TV S (cm/sec)

 

14.25± 4.77
 

11.55 ± 2.67
 

14.95 ± 5.28
 

0.042
 

0.662
 
0.014

 
0.033

TV E (cm/sec)
 

11.00±3.80 11.10 ± 3.40 15.50 ± 3.93  0.000  0.001  0.001  0.931

TV A (cm/sec) 11.75±4.88 17.70 ± 4.09 11.90 ± 2.71  0.000  0.905  0.000  0.000

RV Base (mm) 33.00 ±6.70 35.60 ± 7.69 25.40 ± 6.18  0.000  0.001  0.000  0.262

RV Mid (mm) 26.20± 7.82
 

27.20 ± 6.01
 

19.15 ± 5.05
 

0.000
 

0.002
 
0.000

 
0.653

RV Long (mm) 54.00± 8.72 59.20 ± 8.92 31.85 ± 8.29 0.000 0.000 0.000 0.070

+- Mean SD+- Mean SD+- Mean SD

COPD= chronic obstructive pulmonary disease, RV=right ventricle.
MS=mitral stenosis, TAPSE = tricuspid annular plane P1: Comparison between Control group and COPD group. systolic excursion, TR=tricuspid regurge, RVSP=right P2: Comparison between Control group and MS group. P3: ventricular systolic pressure, PAT=pulmonary acceleration Comparison between COPD group and MS group.                 time, TV=tricuspid valve, S,E,A= Doppler velocities, P >0.05: NS, P <0.05: S, P <0.01: HS
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Echocardiographic data of left ventricular assessment are by echocardiography in patients with group two of PH by 
shown in table3. Left ventricular end systolic, aortic root and many signs. Left atrial enlargement, left ventricular 
left atrial dimensions were the only parameters that showed hypertrophy and indicators of increase of left ventricular 

23significant statistical difference between the patients filling pressure are among these criteria.  In concordance, 
suffering from pulmonary hypertension and healthy the study of the left side of the heart measurements showed 
subjects. End systolic and artic root dimensions were less in significant statistical difference between the three groups in 
COPD patients. Left atrium was increased in size in patients ESD, Ao and LA dimensions. 
suffering from rheumatic mitral stenosis. When subgroup 

Left ventricular systolic function evaluation in RMS remains analysis was done, we found significant statistical 
a controversy matter. Some studies found it impaired and difference between RMS and COPD in EDD, ESD, EF, Ao and 
attributed this to myocardial fibrosis and chronic left LA dimensions.    24 ,25ventricular under filling.  Other studies found 

Table 4 shows echocardiographic parameters of the right circumferential fiber shortening rate was decreased leading 
 26side of the heart. There were significant statistical to myocardial dysfunction in these patients.  Also, another 

differences between all the studied parameters. When study demonstrated that subclinical systolic dysfunction 
 27subgroup analysis was done, patients with rheumatic mitral exists in MS.  Other studies did not support these    

28 stenosis showed the significant differences between all the findings. In COPD, pulmonary hyperinflation influences 
studied parameters while patients with COPD did not show pulmonary hemodynamics, heart size and function. The 
this significance in T-velocity wave and T-velocityA wave.   intrathoracic volume and heart filling pressures are 

decreased by hyperinflation which compress the ventricles    
29mechanically.  In patients with COPD, restriction in 

expiratory blood flow and in the pulmonary circulation lead 
The quantitative assessment of the right ventricle is very  30to impairment of resting and exercise stroke volume.  In this difficult due to the trapezoidal anatomy of it. Recently 

study, COPD was diagnosed by respiratory function tests as various methods as magnetic resonance and radionuclide 
FEV1/FVC ratio < 0.7. The mitral valve group showed ventriculography have been used to achieve this goal but 
decreased FVC level with normal FEV1/FVC ratio (i.e  16none of them was established as the gold standard.  In restrictive pattern). All the parameters of assessing right 

reality, clinicians strongly depend on two-dimensional, M- ventricular dimensions, systolic and diastolic functions by 
mode, Doppler echocardiography and tissue Doppler Doppler echocardiography and tissue Doppler imaging 
imaging as they are approachable. These methods detect showed affection in patients suffering from pulmonary  17subclinical functional effects.  One of the most important hypertension especially RMS.
screening tests for PH in high risk individuals is measuring 

Dyspnea and right ventricular failure which complicate right ventricular pressure by measuring the tricuspid regurge 
 18 pulmonary hypertension occur due to multiple factors signal.  Estimation of right ventricular pressure and systolic 

which narrow the lumen and increase pulmonary vascular pulmonary artery pressure can be achieved by measuring 
  19 resistance. These factors include in situ thrombosis , pulmonary acceleration time.   In our study, the diagnosis 

31-33inflammation  and excess vasoconstriction of PH was confirmed by the highly significant statistical 
difference between patients with COPD, RMS and control A mechanism concerning pulmonary microangiopathy was 
subjects found in TR, RVSP and PAT. Pulsed wave tissue proposed in PH, where platelets shear upon flow through 
Doppler of the tricuspid annulus is a simple tool to estimate  34fibrin clots and plexiform lesions.  MPV is a main method of 
pulmonary artery pressure and pulmonary vascular assessment of platelet production and stimulation. Younger 
resistance. In patients with lower systolic velocity at the platelets are more prothrombotic, larger and contain more 
tricuspid annulus, a higher pressure and vascular resistance  35granules.  Thrombus formation depends on platelet  20in patients with PH can be predicted.  Similar results were activation and aggregation at the site of vascular injury and 
found in  this study, as patients with RMS had the lowest TV  36 atherothrombotic events. Higher thromboxane A2 level  
S wave velocity with significant statistical difference and increased expression of glycoprotein Ib and IIb/IIIa 
between both control and COPD with RMS. receptors in large platelets may explain their higher 

 37-39 Right ventricular failure may be a consequence of RMS as thrombotic potential than small platelets. The most 
pulmonary arterial hypertension is preceded by pulmonary popular marker for platelet activation is mean platelet 
venous hypertension. This can be attributed to the volume (MPV) as it is most accurate measure of platelet 

 40synergistic effects of back pressure pulmonary arteriolar size.  Risk stratification of many cardiological diseases 
 41constriction and obliterative changes in pulmonary vascular such as coronary artery disease can be achieved by MPV.  

21bed.  Also. in RMS ventricular interdependence and right MPV may be high in pulmonary arterial hypertension , 
 ventricular ischemia may contribute to right ventricular decompensated hear t failure,  and hyper trophic 

 22 dysfunction. Left ventricular dysfunction can be detected card iomyopathy which contr ibutes to h igher  

DISCUSSION
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Circ 2015;24(6):566-72.to COPD as in TV S and TV A. The effects of both causes of 
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Anzueto A, et al. Global strategy for the diagnosis, 
management, and prevention of chronic obstructive 
pulmonary disease: GOLD executive summary. Am J 
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