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 Abstract
Introduction

Bubble-CPAP is safe and effective line of treatment for neonates with respiratory distress syndrome (RDS) which is a major cause of 
mortality in preterm neonates, especially in developing countries. Few studies reported that MPV may be affected in RDS, but this is the first 
study investigated the effect of Bubble-CPAP on platelets indices in preterm neonates with RDS.

Methods: Platelet indices (platelets count, mean platelet volume (MPV) and platelet distribution width (PDW) were measured on admission 
and repeated on the third and fifth days of life for 187 pre-term neonates with RDS divided into two groups: group I included 104 neonates 
treated with Bubble-CPAP and group II included 83 treated with oxygen therapy only as a control group.

Results: There was a significant decrease in MPV in neonates with RDS treated with B-CPAP compared with controls, while there were no 
significant changes in platelets count or PDW. Significant negative correlations were present between MPV and gestational age, birth weight, 
pH and PaO2 values while significant positive correlations with Downes’ score, the mean duration of B-CPAP and PaCO2 were present. 
Non-Survivors in both groups had the highest levels of MPV and the lowest platelets counts all over the period of the study. No correlations 
were present between MPV and platelets count, PDW or TLC.

Conclusions:Bubble-CPAP had a significant effect on MPV but no effect on either platelet count or PDW of pre-term neonates with RDS. 
MPV can be considered a good marker for preterm neonates with RDS who may survive with no complications on Bubble-CPAP.
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Abbreviations: RDS: Respiratory Distress Syndrome; MPV: 
Mean Platelet Volume; PDW: Platelet Distribution Width 

Introduction
Respiratory distress syndrome (RDS) is one of the major 
causes of mortality and morbidity in preterm infants [1, 2]. 
More than 50% of preterm neonates born before 31 weeks of 
gestation develop RDS secondary to deficiency of pulmonary 
surfactant [3]. Preterm neonates are at risk for many cardiac, 
respiratory, neurological and metabolic complications [4]. 
Coagulopathy is one of the leading causes of mortality in 
preterm infants due to coagulation factors defects, vascular 
defects and platelet indices defects [5, 6]. Bubble continuous 
positive airway pressure (B-CPAP) which is a low-cost nasal 
CPAP delivery system in a spontaneously breathing neonate is 
a safe and effective mode of therapy in preterm neonates with 
RDS [7]. It has been shown to reduce the need for surfactant 
and mechanical ventilation by about 50% [8]. Simplicity; 
efficacy and safety of CPAP make it easy to use in many 
NICUs especially in developing countries [9, 10]. Few studies 

reported that MPV may be affected in RDS, but this is the 
first study-according to our knowledge-investigated the effect 
of Bubble-CPAP on platelets indices in preterm neonates with 
RDS. The aim of this work was to study the effect of Bubble-
CPAP on platelet indices [platelets count, mean platelet 
volume (MPV) and platelet distribution width (PDW)] in 
preterm neonates with respiratory distress syndrome (RDS) 
and comparing them with those treated with oxygen only. The 
second aim of the work was to compare between survivors and 
non-survivors on B-CPAP.

Patients and Methods
Study design

This is a prospective case-control study. The study included 
187 pre-term neonates (28-34 weeks) with RDS admitted to 
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NICU of Minia University hospital, Egypt from March 2014 
to May 2016. They were divided into group I included 104 
neonates with RDS treated with Bubble-CPAP and group II 
included 83 neonates with RDS treated with oxygen therapy 
only as a control group. According to American Academy of 
Pediatrics (AAP) guidelines [11, 12], the diagnosis of RDS 
was made according to the clinical signs of respiratory distress 
and the radiological findings on chest x-ray. We used Downes 
’score for classification of the degree of respiratory distress 
to mild, moderate and severe. Depending upon the degree 
of respiratory distress, oxygen saturation on pulse oximeter, 
the degree of acidosis in ABG and the radiological findings 
on chest x-ray we classified the cases into mild, moderate and 
severe RDS.

B-CPAP application vs. Oxygen therapy

The treatment started immediately according to the degree 
of distress and the availability of B-CPAP with the priority 
for more distressed neonates to be treated with CPAP from 
the start. Treatment with oxygen therapy through low flow 
nasal cannula at a flow of 1-3 L/min was started for neonates 
with mild RDS from the start or those with moderate/severe 
RDS when CPAP (or ventilator systems) were not available 
to maintain saturation between 88% and 95%. Surfactant 
therapy was available only for few selected cases with severe 
RDS who could buy it as it is not available in our unit as a 
routine therapy. B-CPAP was delivered by Fischer and Paykel, 
Health Care (Model- MR 850 AEU, Auckland, New Zealand). 
Disposable nasal CPAP prongs (Fisher & Paykel) were used 
based on the internal diameter of nostril. CPAP was initiated at 
a pressure of 4-5cm H2O. A stepwise increase of 1 cm H2O at 
a time until the respiratory distress is relieved or a pressure of 
8 cm H2O was reached. We started with a FiO2 of 30% and a 
flow of 6-8 l/min and it was adjusted appropriately to maintain 
oxygen saturation between 88% and 95%. A maximum CPAP 
of 8cm H2O and FiO2 of 65% were used. Monitoring was done 
through clinical examination, oxygen saturation, chest x-ray 
and ABG [13].

CPAP therapy was considered successful if the neonate did 
not require any respiratory support after weaning for at least 
five days. CPAP failure was defined as inability to maintain 
SpO2 > 90% or arterial partial pressure (PaO2) > 50 mmHg at 
a maximum CPAP of > 8cm of water at a FiO2 > 0.6 or needed 
surfactant and/or mechanical ventilation at any stage during 
CPAP therapy [14, 15].

Exclusion criteria

Full-term neonates, preterm neonates <28 and ˃34 weeks, 
other causes of respiratory distress other than RDS (e.g., 
pneumonia, PPH, Meconium aspiration), suspected neonatal 
sepsis, TORCH infection, HIE or NEC. Infants of diabetic, 
pre-ecliptic mothers, cardiac diseases or those receiving drugs 
that may affect the platelets count or function were excluded 
from the study. Neonates of group I who needed surfactant 
therapy and/or mechanical ventilation (18 neonates) and 
neonates of group II who failed on oxygen therapy and needed 

B-CPAP, surfactant therapy and/or mechanical ventilation (19 
neonates) were excluded from the study to eliminate the effect 
of surfactant or mechanical ventilation on platelet indices. 

Blood sampling

On admission, one ml of venous blood in EDTA containing 
tube was aspirated for complete blood count and platelet 
indices (by automated cell counter system KX 21N, Japan) 
and another capillary blood sample was aspirated in pre-
heparinized syringe for blood gas analysis (ABG) by ABG 
analyzer (Cobras b 221 Roche diagnostic GmbH- Germany) 
for all neonates. Platelet indices [platelets count, mean platelet 
volume (MPV) and platelet distribution width (PDW)] were 
measured on admission and repeated on the third and fifth days 
of life [16]

The study was approved by Ethical Committee of Pediatric 
Department, Faculty of Medicine, Minia University and 
written consents were obtained from all fathers or care givers 
of all neonates included in the study.

Statistical analyses 

Statistical analyses were performed using the SPSS statistics 
version [16]. Differences in the mean of continuous variables 
were analyzed using parametric test (independent sample 
t-test). Comparison of parametric data and non-parametric 
data between groups were done using Student t test and Mann 
Whitney U test respectively. P-value of < 0.05 was considered 
significant. Results were given as mean and standard deviation. 
For all tests, P-values <0.05 were regarded statistically 
significant.

Results
The total number of preterm neonates with RDS in this 
study was 187 neonates (104 in group I and 83 in group II). 
Eighteen neonates from group I and 19 neonates from group 
II who needed surfactant and/or mechanical ventilation were 
excluded from the results. Survivors of group I were 77 out 
of 86 neonates while survivors of group II were 42 out of 64 
neonates (Figure 1). There were no significant differences 

Figure 1: Diagrammatic classifications of preterm neonates 
with RDS included in the study.
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between neonates of group I and II as regarding any of 
demographic or laboratory data on admission (Table 1). There 
were significant differences between neonates on B-CPAP and 
controls as regards Downes ‘score and MPV on the third and 
fifth days of life (P= 0.01 & P= 0.04 and P= 0.04 & P= 0.001 
respectively) while there were significant differences between 
the two groups as regards PDW only on the third day (P=0.04) 
and TLC (P=0.03) only on the fifth day of life (Table 2).

There was a significant decrease in of Downes’ score in 
group I and group II on the fifth day of life (p=0.01 and 0.02 

respectively) and a significant decrease in MPV in neonates 
with RDS treated with B-CPAP (group I) on the fifth day 
of life compared with the control group (p=0.001and p=NS 
respectively), while there were no significant changes in Hb, 
platelets count, PDW in any group (Table 3). Non-survivors 
in both groups had the highest levels of MPV and Downes’ 
score and the lowest platelets counts all over the period of the 
study (Table 3). Significant negative correlations were present 
between MPV measured on admission and gestational age (r= 
- 0.24 and p=0.03), birth weight (r= - 0.51 and p= 0.04), Hb 

Item Group I (N=86)
Mean± SD (Range)

Group II (N=64)
Mean± SD (Range) P-Value

Gest age (weeks) 30 ± 2.4 (28-34) 31 ± 2.6 (28-34) NS
Weight (Gm.) 1250 ± 3.14 (1000-1500) 1300 ± 3.3(1000:1500) NS
Sex: Male/ Female 48/38 (55.8/44.2%) 30/34(46.9/53.1%) NS
MOD: NVD/ CS 49/37 (56.9/43.1%) 38/28 (59.4/40.6%) NS
Maternal age 21 ± 2.18 (18-24) 20 ± 2.23(18-27) NS
Downes’ score 8 ± 1.9 (4-10) 7± 2.9 (4-10) NS
Hb (gm/dl) 13 ± 2.16 (11-16) 12.6 ± 1.34(11-17) NS
TLCs (x103) 7300 ± 1.26 (4.2-11.5) 8100 ± 2.14(4.9-12.1) NS
CRP 6.9± 1.26 (0-12) 8.1± 1.06 (0-12) NS
Platelets count (x103⁄ ul) 190± 10.21(115-290) 199± 11.25(120-310) NS
MPV (fl) 10.81 ± 1.24 (8.6-11.9) 10.77 ± 1.21(8.3-11.4) NS
PDW % 18.1+2.18 (16.3-19.8) 17.9±1.4 (16.0-19.6) NS
pH 7.28± 0.21(7.10-7.45) 7.31± 0.19 (7.14-7.48) NS
paCo2 48± 3.21 (38-52) 49± 2.23 (37-53) NS
paO2 50± 5.71 (46-63) 51± 5.18 (47-64) NS

NS: non-significant; MOD: Mode of delivery, NVD: normal vaginal delivery/ CS: Caesarian section, Hb: hemoglobin, TLCs: white 
blood cells, CRP: C-reactive protein, MPV: mean platelet volume, PDW: platelet distribution width, pCo2: partial carbon dioxide, 
pO2: partial oxygen tension

Table 1: Basic demographic and laboratory data of studied groups.

Item
1st Day 3rd Day 5th Day

Group I
(n = 86)

Group II
(n = 64)

Group I
(n = 81)

Group II
(n = 54)

Group I
(n = 77)

Group II
(n = 42)

Downes’score 8 ± 1.9 7± 2.9 5± 2.2 6± 2.8 2 ± 2.6 4± 2.1
NS NS P=0.003**

Hb (gm/dl) 13 ± 2.16 12.6 ± 1.34 12.8 ± 2.13 13.1 ± 1.12 12.4 ± 2.26 12.5 ± 2.18
NS NS NS

TLCs (x103⁄ ul) 7300 ± 1.26 8100 ± 2.14 8450 ± 2.21 8600 ± 3.04 9500 ± 2.46 4.6 ± 2.74
NS NS P= 0.03**

CRP 6.9± 1.26 8.1± 1.06 7.3± 1.16 7.1± 2.11 5.8±1 .46 6.1± 1.58
NS NS NS

Platelets count (x103⁄ ul) 190± 10.21 199± 11.25 225± 13.24 241± 12.31 280± 10.51 291± 28.15
NS NS NS

MPV(fl) 10.81 ± 1.24 10.77 ± 1.21 10.11 ± 1.26 10.71 ± 1.23 8.16 ±1.25 9.97 ±1.27
NS P=0.04* P=0.001**

PDW % 18.1+2.18 17.9±1.4 18.6+2.21 17.0±1.4 18.2+2.20 17.8±2.3
NS P=0.04* NS

*Significant; ** highly significant; Hb: hemoglobin, TLCs: white blood cells, CRP: C-reactive protein, MPV: mean platelet volume, 
PDW: platelet distribution width, pCo2: partial carbon dioxide, pO2: partial oxygen tens

Table 2: Comparison between Downes’ score and laboratory data on first, third day and fifth day of life for studied groups.
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(r= - 0.45 and p= 0.01) and pH (r= - 0.81and p= 0.01) values 
while significant positive correlations with Downes ‘score 
(r=0.67 and p=0.04), duration of B-CPAP (r=0.67 and p=0.04) 
and PCO2 (r= 0.54and p= 0.02) were present. No correlations 
between MPV and platelets count, PDW or TLC were present 
(Table 4). Linear regression analysis was performed using 
MPV as a dependent variable and all parameters measured as 
independent variables revealed that gestational age followed 
by pH (degree of acidosis) on ABG were the most predictor 
variables for MPV (R=−0.47; P=0.03, R=−0.38; P=0.04 
respectively; not shown in the results).

Discussion
Many studies reported that large platelets-measured by MPV- are 
more reactive than normal platelets and show greater aggregation 
to adrenaline, adenosine diphosphate (ADP) or collagen and 
secrete more thromboxane A2 [17-19]. Mean platelet volume is 
associated with shortened bleeding time and coagulopathy and 

increased in many conditions in preterm neonates associated with 
oxidative stress and inflammations like ROP, BPD, NEC and 
others [20-23]. Canpolat et al., 2009 [24] reported that MPV is 
increased in preterm infants with RDS which is probably related 
to oxidative stress and hypoxic effect of RDS on bone marrow 
and young platelets production. This study revealed that Bubble-
CPAP had a significant effect on MPV as there was a significant 
decrease in MPV in neonates with RDS treated with B-CPAP 
(group I) on the third and fifth days of life compared with the 
control group. This effect of B-CPAP on MPV may be through 
two possible mechanisms: B-CPAP through increasing the 
fractional capacity of the lung, it keeps the respiratory tract and 
lungs open and this will improve oxygenation of blood which in 
turn improves the oxidative stress in those neonates [25]. Also, 
the degree of respiratory distress (Downes’score) was improved 
significantly after CPAP therapy denoting improvement of the 
degree of inflammation which in turn improving the reactivity of 
platelets [17, 26].

Item
Group I (N = 86) Group II (N = 64)

Survivors
(n = 77)

Non-Survivor
(n = 9)

Survivors
(n = 42)

Non-Survivor
(n = 22)

Downes’ score
8± 2.0 7± 2.8 8± 1.9 8± 1.7

NS NS

Hb (gm/dl)
12.8 ± 2.44 11.0 ± 1.18 12.7 ± 1.26 12.1 ± 1.19

P= 0.02 NS

TLCs (x103⁄ul)
8300 ± 2.08 4300 ± 1.12 8200 ± 2.14 9150 ± 2.33

P= 0.01 NS

CRP
7.1± 1.2 7.8± 2.02 7.1± 1.46 7.9± 2.23

NS NS

Platelets count (x103⁄ul)
293± 11.13 118± 21.45 365± 9.06 185± 11.26

P=0.001 P=0.01

MPV(fl)
10.12 ± 1.27 11.91 ± 1.22 10.07 ± 1.18 11.82 ± 1.19

P=0.001 P=0.02

PDW
18.0+2.16 17.9+1.92 17.9±1.8 17.8±1.1

NS NS
*Significant; ** highly significant; Hb: hemoglobin, TLCs: white blood cells, CRP: C-reactive protein, MPV: mean platelet volume, 
PDW: platelet distribution width, pCo2: partial carbon dioxide, pO2: partial oxygen tension
Table 3: Comparison between Downes’ score and laboratory data on admission for survivors and non survivors neonates of 
studied groups.

Item MPV Platelets Count PDW
r P r P r P

Gest age (weeks) -0.24 0.03* 0.52 0.01* -0.33 0.05
Weight (gm.) -0.51 0.04* 0.38 0.02* -0.32 0.07
Maternal age 0.12 0.62 0.22 0.35 0.22 0.81
Downes’ score 0.67 0.02* 0.35 0.14 0.40 0.15
Duration of B-CPAP 0.78 0.001** 0.18 0.26 0.42 0.06
Hb (gm/dl) 0.45 0.03* 0.42 0.01* 0.31 0.48
TLCs (x103⁄ul ) 0.25 0.15 0.48 0.05 0.41 0.08
CRP 0.30 0.66 0.17 0.26 0.18 0.38
Platelets count (x103⁄ul ) -0.72 0.08 ……… …….. 0.37 0.02*
PDW % 0.33 0.45 0.37 0.02* …….. ……..
pH -0.81 0.001** 0.26 0.07 0.41 0.08
pCo2 0.54 0.002** -0.23 0.19 0.34 0.09
pO2 0.24 0.28 0.16 0.34 0.23 0.31
*Significant; ** highly significant

Table 4: Correlation between MPV, platelets count and PDW with other laboratory data in neonates on B-CPAP.
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In this study, in spite of the effect of Bubble-CPAP on MPV, it 
had no significant effect on platelets count or PDW of preterm 
neonates with RDS as well as there were no correlations 
between MPV and either of these parameters, the point 
which we could not explain. These results may give us an 
idea that platelets count, MPV and PDW react separately to 
oxidative stress and inflammatory process as reported by other 
investigators like Christensen et al., 2012 [27] who reported 
that the effect of hypothermia on platelet functions was not 
the same on MPV and PDW in a group of patients with HIE 
and Deepthi et al, 2014 who reported no correlations between 
MPV and platelets count in patients with birth asphyxia [28]. In 
this study, there were significant positive correlations between 
platelets count and gestational age and birth weight and this is 
in agreement with Van den Hof and Nicolaides who reported 
that fetal platelets count increase linearly with gestation from 
15 to 40 week’s gestation [29]. Also Wiedmeier et al., 2009 
[30], reported that within the first three days of life, the mean 
platelets counts of neonates born between 22 and 35 weeks 
gestation were significantly lower than those of term neonates.

In contrast to our results, many early studies reported no 
significant variation in platelets count according to gestational 
age [31-33]. Another study reported that during the first week 
of life the mean platelets count of neonates born at less than 
35 weeks gestation were higher than the counts of more 
mature neonates [34]. In parallel with other investigators, in 
this study platelets of preterm neonates were slightly larger 
in in size measured by MPV and lower in number than more 
term neonates and this may be attributed to less mature bone 
marrow in preterm infants [35-36]. Many studies reported that 
MPV is a simple inflammatory marker in many inflammatory 
conditions as bronchial asthma and neonatal sepsis [37-
39] and this can explain the significant positive correlations 
between MPV and all parameters of RDS severity in the form 
of the degree of respiratory distress (Downes’score), pH and 
PaCO2 on ABG and the mean duration of B-CPAP (in hours). 
Gestational age followed by the degree of acidosis (pH) on 
ABG were the most significant variables affecting the MPV 
by regression analysis and this is in agreement with other 
investigators reported significant correlations between MPV 
and HCO3 in patients on dialysis [39]. Non-survivors in this 
study had lower platelets count and higher levels of MPV than 
survivors. These results are in agreement with other studies 
reported that thrombocytopenia and increased MPV were 
closely related to mortality and adverse neonatal outcome [40-
42] especially in preterm neonates [43, 44]. 

The above results make MPV a good marker for preterm 
neonates with RDS who may survive with no complications 
on Bubble-CPAP. In this study, as expected hemoglobin was 
positively correlated with platelets count and negatively 
correlated with MPV and PDW depending upon the maturity of 
bone marrow as more mature bone marrow will produce more 
RBCs and platelets count with less MPV and PDW [45,46]. 
Three cases in this study survived with minor complications: 
the first with mild pneumothorax, the second with nasal 
damage and the last one with gastric distention and feeding 

intolerance. These are in agreement with other studies reported 
a very-low risk of complications of B-CPAP in preterm 
neonates and it is an easy feasible mode of therapy in preterm 
neonates with RDS [47, 48]. Maternal age, neonatal gender 
and mode of delivery had no effect on MPV, platelets count 
or PDW in this study, also TLC and CRP were not changed 
significantly all over the study either in group I or group II 
and they were not correlated with any of platelet indices. 
Limitations of this study were the small sample size due to 
exclusion of preterm neonates treated with surfactant therapy. 
More studies are needed to clarify the effect of other types of 
CPAP (as Bi-Phasic CPAP) and different modes of ventilation 
and the effect of surfactant therapy on platelet indices.

Conclusion
Bubble-CPAP had a significant effect on MPV but no effect on 
either platelet count or PDW of pre-term neonates with RDS. 
MPV can be considered a good predictor for preterm neonates 
with RDS who may survive with no complications who were 
treated with Bubble-CPAP.
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