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Abstract

Introduction: Immune thrombocytopenic purpura (ITP) is an acquired dis-
order characterized by isolated thrombocytopenia. There is no “gold stan-
dard” test that can establish the diagnosis of primary ITP. Therefore, the di-
agnosis is one of exclusion and is based on patient history, physical examina-
tion, complete blood count, and blood smear review. Platelet indices are bio-
markers of platelet activation, allowing extensive investigations focusing on
the diagnostic and prognostic values in various diseases without extra-costs.
Mean platelet volume (MPV), platelet distribution width (PDW) and plate-
letcrit (PCT) were investigated aiming at evaluating the correlation between
pre- and post-treatment values in ITP patients. The sensitivity and specificity
of platelet indices for assessment of their predictive value for treatment re-
sponse were also evaluated. Methods: Fifty newly diagnosed primary ITP pa-
tients were selected from the Hematology Clinics of Ain Shams University
Hospitals and classified into pediatric and adult groups. Platelet count, MPV,
PDW, PCT have been recorded for all pre and post-treatment CBC sam-
ples using Beckman Coulter LH750 analyzer. Results: In pediatrics
post-treatment MPV and PDW were significantly decreased while PCT was
increased when compared to their values at the time of presentation (P <
0.01). The same results were obtained in adult patients, except for PDW
which did not attain any significance. A significant correlation was found
between pre-treatment values of these platelet indices and treatment response
in pediatrics, while no significance was found between pre-treatment PDW
and treatment response in adults. Conclusion: Increased pre-treatment MPV
and PDW, and decreased PCT can provide diagnostic and predictive value for
treatment response in ITP patients.
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1. Introduction

Immune thrombocytopenic purpura (ITP) is an immune-mediated acquired
bleeding disorder of adults and children described by transient or persistent re-
duction of the platelet number and, depending on the level of thrombocytope-
nia, increased risk of bleeding. A platelet count under 100 x 10°/L was estab-
lished as the threshold for diagnosis [1]. Increased platelet destruction is clearly
assumed to have the key role in the pathogenesis of ITP; however impaired
platelet production is likewise important in many cases. In adults, around 40%
of ITP cases may have decreased platelet renewal, mirroring the inhibitory effect
of platelet autoantibodies on megakaryopoiesis [2].

ITP in children is generally an acute self-limiting problem with severe clinical
presentation; they regularly present with sudden onset of petechiae or purpura
few days or weeks after an infectious illness. But in adults it has a tendency to be
a chronic disease with insidious onset and persistent course lasting for many
years with recurrent relapses. ITP is classified as primary or as secondary to an
underlying disorder, and as acute (of six months or less in duration) or chronic
(when symptoms last over 6 months) [3].

Infection with hepatitis B, hepatitis C, human immunodeficiency virus (HIV),
Helicobacter pylori, and coexistence of systemic lupus erythematosus (SLE), an-
tiphospholipid syndrome (APS), or common variable immunodeficiency
(CVID) are potential fundamental etiology to secondary ITP, and these are rec-
ognized in approximately 20% of ITP patients. The diagnosis of ITP is based
basically on the history, physical examination, complete blood count (CBC), and
examination of the peripheral smear, which should exclude other causes of
thrombocytopenia assuming that they are compatible with the diagnosis of ITP
and exclude atypical findings that are uncommon in ITP or suggest different eti-
ologies [4].

On CBC, isolated thrombocytopenia is the hallmark of ITP. The guidelines of
the American Society of Hematology stated that a bone marrow examination is
unnecessary in patients with the typical features of ITP regardless the age of the
patient [5]. Owing to the fact that BM examination is an invasive and discom-
forting procedure, and is unsuitable for frequent follow-up in thrombocytopenic
patients; hence a sensitive and non-invasive test, capable of evaluating the
thrombopoietic activity, would be of substantial clinical value. Management of
patients with ITP relies upon corticosteroids or intra-venous immunoglobulin
(IVIG) as initial first-line treatment. In the presence of low platelet counts with
active bleeding or the patients fail to respond to first line drug, immunosuppres-
sive agents, as second-line drugs (e.g. azathioprine or cyclophosphamide) are

used. Treatment is generally started at platelet counts under 20 x 10°/L, as spon-
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taneous intra-cerebral hemorrhage is a major hazard [6].

Platelet indices as mean platelet volume (MPV), platelet distribution width
(PDW), and plateletcrit (PCT) are available on automated hematology analyzers,
being derived from the platelet distribution curve, and easily addressed along
with the platelet count. They are sensitive, non-invasive, inexpensive biomarkers
and can help in diagnosis and prognosis of many diseases [7]. MPV is a marker
of platelet size, function, and activation, as large platelets contain more dense
granules and produce more thromboxane A2 than smaller ones. Increasing the
number of megakaryocytes and supporting the diagnosis of ITP is associated
with larger MPV value [8]. PDW (coefficient of PLT variation) directly measures
variability in platelet size, changes with platelet activation, and reflects the hete-
rogeneity in platelet morphology [9]. Under physiological conditions, there is a
direct relationship between MPV and PDW; both usually change in the same di-
rection. An increase in both MPV and PDW occurs due to platelet activation, in
which platelet swelling and pseudopodia formation occur as large platelets are
metabolically and enzymatically more active than small platelets [10].

PCT is another platelet parameter, which is a reliable measurement of platelet
biomass. It is the volume occupied by platelets in the blood as a percentage and
is calculated using MPV value and platelet count [11]. Although Platelet indices
are useful markers, there are several technical issues limiting their clinical use.
The main influential factors are: the type of hematology analyzer, the anticoagu-
lant applied, and the time from sampling to analysis [12]. EDTA causes gradual
platelet swelling, thus increase in MPV during the first 6 hours when measured
by impedance method and decreases by 10% when determined by an optical
method. Time delay probably affects PDW also [13]. MPV can be measured ac-
curately by both methods of anticoagulation; EDTA and citrate if analysis is
performed within 1 h of sampling, however; it’s known that citrate is the best
anticoagulant in managing pseudo-thrombocytopenia but it lowers MPV value
[14].

As mentioned in the literature, platelet indices allow extensive clinical inves-
tigations focusing on the diagnostic and prognostic values in a variety of settings
without bringing extra costs. This study was conducted with the objectives of
analyzing the correlation between pre- and post-treatment platelet indices in ITP
patients and evaluating the sensitivity and specificity of platelet indices as a pre-

dictor of treatment response.

2. Materials and Methods
2.1. Materials

This study was conducted on fifty newly diagnosed patients with primary ITP
selected from the Hematology Clinics of Ain Shams University Hospitals. Their
diagnosis was established according to new consensus of terminology and defi-
nitions where platelet count is <100 x 10°/L, the duration < 3 months from di-

agnosis and after exclusion of all causes of thrombocytopenia [5]. All patients

DOI: 10.4236/jbm.2018.69002

13 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2018.69002

I. M. Omar et al.

were subjected to complete history taking focusing on recent fever or viral ill-
ness, concurrent drug intake and bleeding history. Patients were divided into 2
groups a pediatric patient group which included 25 children, 14 females and 11
males and an adult group. The children’s age ranged from 2 months to 12 years.
Their bone marrow examination showed a mildly hypercellular specimen in al-
most most of the patients with moderately increased megakaryopoiesis. Corti-
costeroids were given as first line treatment in 18 patients while IVIG was given
to 7 patients from the start because of the presence of significant bleeding in
those patients.

The adult patients group included 21 females and 4 males. Their age ranged
from 18 to 42 years. Their bone marrow examination ranged from normocellu-
lar to mildly hypercellular specimens with increased megakaryopoiesis. Corti-
costeroids were the first line of treatment for all patients. Patients with ITP sec-
ondary to medications, viral infections, autoimmune conditions or leukemia
were excluded from the study.

The duration of treatment for all studied patients didn’t exceed 4 weeks du-

ration.

2.2. Methods

Two milliliters (ml) venous blood were collected from each patient under com-
plete aseptic conditions in vacutainer tubes containing 1.5 + 0.25 mg dipotas-
sium EDTA per 1 ml blood and analysis was done within 2 hours from collec-
tion. The following parameters have been recorded for all the studied samples:
platelet count, MPV, PDW, PCT using Beckman Coulter LH750 hematology
analyzer (Beckman Coulter Inc., USA) that utilizes impedance resistance tech-
nology for platelet counting. Platelet counts had been also confirmed by the ex-
amination of an adequately prepared leishman-stained peripheral blood smear
by optical microscopy to exclude pseudo-thrombocytopenia.

Two samples were collected from all patients:
¢ One at the time of diagnosis and before the start of treatment (pre-treatment

CBCQ).
e The second sample was collected within (7 - 28) days after the treatment

(post treatment CBC).

Patients were divided according to the response to treatment into:

A complete response was defined as platelet counts > 100 x 10°/L.

e A partial response was defined as platelet counts 30 - 100 x 10°/L and platelet
counts have reached at least 2 folds from baseline.

e No response was defined as platelet counts < 30 x 10°/L or platelet counts

have not reached at least 2 folds from baseline [5].

2.3. Statistical Analysis

The collected data was revised, coded, tabulated and introduced to a PC using
Statistical package for Social Science (SPSS 15.0.1 for windows; SPSS Inc., Chi-
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cago, IL, 2001). Mean, Standard deviation (+SD) and range were used for para-
metric numerical data, while Median and Interquartile range (IQR) were used
for non-parametric data. Student T Test was used to assess the statistical signi-
ficance of the difference between two study group means. Mann Whitney Test
(U test) was used for the difference of a non-parametric variable between two
groups. ANOVA test was used for the difference between more than two group

means. A P-value of <0.05 was considered statistically significant.

3. Results

Out of 25 pediatric patients, 11 (44%) presented with petechiae and 5 (20%) had
ecchymosis. On examination, splenomegaly was observed in 5 (20%) of patients
and hepatomegaly was detected in only 2 (8%) patients. Out of 25 adult patients,
vaginal bleeding was the main presenting symptom in 8 (32%) of patients. On
examination, splenomegaly was observed in 3 (12%), while 2 (8%) had hepato-
megaly.

In the pediatric group, the pre-treatment platelet counts ranged from 7 - 18 x
10°/L (median 10), while the post-treatment counts ranged from 65 - 117 x 10°/L
(median 98). The pre-treatment platelet counts in adult group ranged from 7 -
18 x 10°/L (median 12), while the post-treatment counts ranged from 63 - 144 x
10°/L (median 128). Pre and post treatment platelet indices values are given in
Table 1.

Patients were grouped according to the response to treatment into complete
response group which included 44% of pediatric patients and 60% of adults and
partial response to treatment to which 26% of children and 28% of adult patients
were assigned. Only 5 (20%) of children and 3 (12%) of adults did not respond
to the given treatment.

Neither pre-treatment platelet counts and indices nor post-treatment values

Table 1. Pre and Post treatment platelet indices of studied patients.

Pediatrics Adults
Parameter Range Range
Mean + SD Mean + SD
8.6-12.6 8-12
MPV (fl
? (0 106 £2 10+2
(43
=8 15-19 13-18
] PDW
§ (%) 169 +2.4 15.7 £2.7
]
- 0-0.02 0-0.04
PCT
(%) 0.01 £0.01 0.02 £ 0.02
8-11 7.7 -10.3
? MPV (fl) 9515 9+1.3
[Z]
—+
g 14-18 133-17.2
§ PDW (%) 16 +2 155+ 1.7
o
2 0.02-0.1 0-0.2
PCT (%
(%) 0.07 £ 0.05 0.1+0.1
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or response to treatment showed any statistically significant difference (P > 0.05)
between adult and pediatric patients groups, except for post-treatment platelet
count and PCT which revealed a higher statistically significant difference (P <
0.05) between both groups (Table 2).

We found that the pre-treatment values for MPV were high in both patient
groups, and that MPV was normalized after first line treatment and the compar-
ison attained a highly statistically significant difference (P < 0.01). The same
highly significant difference was detected between the pre and post-treatment
values for PCT in both groups; in the same direction with platelet counts; which
were higher after initiation of first line treatment. We could not obtain signifi-
cant statistical differences between PDW values (P > 0.05) at the time of diagno-
sis and after first line treatment in adults; however, the comparison yielded a sta-
tistically significant difference (P < 0.05) in children.

In an attempt to further study the usefulness of platelet indices as predictors
for treatment response in acute ITP patients, the correlation between the
pre-treatment platelet indices and treatment response among the studied groups
was evaluated. A highly statistically significant difference was detected between
patients with complete response and non-responders regarding all platelet in-
dices in both patient groups (Figure 1). Besides, a highly significant difference
regarding MPV and PDW was detected between patients who achieved partial
response and non-responders, yet there wasn’t any significant difference (P >
0.05) regarding platelet count and PCT in children; while in adults, neither of
the studied platelet indices reached a statistically significant difference (P > 0.05)

Table 2. Comparison between adults and pediatric patients regarding pre- and
post-treatment platelet count and indices and treatment response.

Pediatrics Adults
Parameter Range Range P Sig.
Mean + Mean +
SD/Median SD/Median
Platelets
10 12 0.62** NS
g (x10°/L)
g
§ MPV (1) 10.6 £ 2.16 102 +2.1 0.46* NS
=
‘é PDW (%) 16.9 2.4 158 £2.7 0.07* NS
Ay
PCT (%) 0.01 £0.01 0.02 £ 0.02 0.78* NS
€ Platelets 98 128 0.03* S
g (x10%/L) '
8 MPV () 95+ 1.5 91+1.3 0.37* NS
8
g PDW (%) 164 +2 155+ 1.7 0.07* NS
- PCT (%) 0.07 + 0.05 0.11 + 0.07 0.03** s
2 o Complete 15 (60%) 11 (44%)
Q 1]
g g Partial 7 (28%) 9 (36%) P NS
@ 3
= None 3 (12%) 5 (20%)
*Student T test, **Mann-Whitney Test, ***Chi square test, NS: non-significant, S: significant.
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Figure 1. Pre-treatment platelet indices and treatment response
among children.

(Figure 2).

Accordingly, we tried to settle cut off values for platelet indices that can pre-
dict the patients’ response to treatment using the ROC curve. The best cut off
level for MPV was >8.4 fL, with a diagnostic sensitivity 92.8% and specificity
87.5%. The negative predictive value was 70% and positive predictive value was
97.5%. While the best cut off level for PDW was >15%, with a diagnostic sensi-
tivity 78.5% and specificity 87.5%, the negative predictive value was 43.8% and
positive predictive value was 97.1%. As for PCT, a cut off value of >0.01, showed
a diagnostic sensitivity 57% and specificity 100%. The negative predictive value

was 30.8% and positive predictive value was 100% (Table 3).

4. Discussion

Our study was conducted on fifty newly diagnosed patients with primary ITP, in
order to study MPV, PDW and PCT values at the time of diagnosis and after the
start of first line treatment. The aim was to demonstrate the changes of platelet
indices in response to the given treatment and to assess their predictive value at
the time of presentation for the response to treatment.

In 2006, Segal and Powe suggested that the incidence in adults is approx-
imately equal for both sexes except in the mid-adults (3rd - 6th decades), when
the disease is more prevalent in women [15]. In our study, 84% of adult patients
were females with male to female ratio 1:5.25. This comes in agreement with Li-
bert et al, 2010 who suggested that autoimmune disorders are associated with
female gender; it may be an explanation for the greater number of adult women
with ITP [16]. In the pediatric group, 60% of patients were females with male to
female ratio 1:1.5. Malpass and colleagues, 2015 also found that out of total 42
pediatric patients with ITP, twenty-seven (64%) of them were females [17]. On
the contrary, a prospective registry has documented a higher rate of acute ITP in
males than females (54.8% vs 45.2%) [18]. This contradiction is also found with
studies of Kithne and colleagues (2003) and Shirahata et al, 2009 who also
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Figure 2. Pre-treatment platelet indices and treatment response
among adults.

Table 3. ROC curve analysis for pre-treatment platelet indices.

Cutoff level AUC (CI) Sensitivity  Specificity PPV NPV P (sig.)

MPV > 8.4 0.857 (0.729 to 0.940) 92.86 87.50 97.5 70.0 0.001 (HS)
PDW > 15 0.871 (0.745 to 0.949) 78.57 87.50 97.1 43.8 0.001 (HS)
PCT > 0.01 0.856 (0.727 to 0.939) 57.14 100.00 100.0 30.8 0.001 (HS)

demonstrated that male gender dominates among pediatric patients [19] [20].
They added that reasons for their observed high proportion of males in child-
hood ITP remain unknown.

Regarding signs and symptoms, Neylon et al, 2003 added that petechiae, ecc-
hymosis, epistaxis, gum bleeding and genital tract bleeding are the most com-
mon initial manifestations of ITP [21]. In our study groups, petechiae were the
most common presenting symptom (44%) in children, while in adults; vaginal
bleeding was the most common accounting for 32% of the cases as 21 out of 25
(84%) patients were females. Mild splenomegaly may be found in younger pa-
tients, but moderate or massive splenomegaly suggests an alternative cause. In
our study, mild splenomegaly was found in 20% of pediatric patients which is
more than expected, challenging the diagnosis of primary ITP. This can be at-
tributed, in part to occurrence of ITP in children usually following an apparent
viral infection, and in another to the presence of lax abdomen or thinner abdo-
minal wall in children. Similarly, George et al, 1996 suggested that the spleen
may be palpable in 12% of children with ITP [22].

In the current study, the pre-treatment mean MPV values were increased in
the studied groups relative to the reference range. These increased values in ITP
have been recognized already since 1983 by Van der Lelie [23]. Likely, korkomaz
and his colleagues 2013, and Adly and coworkers, 2014 found that MPV shows
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higher levels in ITP patients than in other causes of thrombocytopenia [24] [25].
Therefore in agreement with Kaito ef al, 2005 and Ntaios et al, 2008 we con-
cluded that increased MPV may provide a reliable positive diagnosis of ITP in
case of thrombocytopenic patients [26] [27]. This can be explained by the find-
ings of Budak and colleagues in 2016 who revealed that when platelet production
is decreased, young platelets become bigger and more active, and MPV levels in-
crease, also during activation, platelets” shapes change from biconcave discs to
spherical with pseudopods formation [28].

On the contrary, Ahmed et al, 2004 and Donato et al, 2009 found that MPV
at diagnosis of ITP was lower than the normal control subjects [29] [30]. As re-
gards PDW, pre-treatment PDW values in pediatric and adult groups in our
study are considered high relatively to the reference range. This can be explained
by Zhang et al, 2014 who added that both newly produced PLTs with large vo-
lume and mature PLTs with small volume are simultaneously present in the
blood; therefore, both MPV and PDW will be increased correspondingly [31].
Moreover, Vagdatli and colleagues, 2010 stated that under physiological condi-
tions, there is a direct relationship between MPV and PDW; both usually change
in the same direction [10]. As for PCT, low pre-treatment PCT in children and
in adult is also found in the results of the study by korkomaz and his colleagues
2013 [24]. In 2005, Kaito and colleagues studied the platelet indices as a diagnos-
tic marker in ITP and found that MPV and PDW were significantly higher in
ITP than in other causes of thrombocytopenia, and the sensitivity and specificity
of platelet indices were sufficient to enable a diagnosis of ITP [26]. In our study,
MPV and PDW values were significantly high and PCT was significantly low,
this comes in agreement with other studies by Ntaios et al, 2008 and Negash M
and Tsegaye, 2016, all independently predicted a favorable outcome of acute ITP
[27] [32].

In 2011, Seth stated that initial treatment of newly diagnosed patients for the
first time is aimed at rapidly obtaining a safe platelet count (>20 - 30 x 10°/L) in
order to prevent or stop hemorrhages and to ensure an acceptable quality of life
with minimal treatment related toxicity [33]. In primary ITP, corticosteroids are
the standard initial therapeutic agents. It is given orally at a dose of 0.5 - 2 mg/kg
daily, when corticosteroids used alone, 65% - 70% of patients respond. In our
study, we obtained high response rate (complete response + partial response) in
42 (84%) of the studied patients to the initial treatment, while 8 (16%) patients
did not achieve a satisfactory response. Following the treatment, the
post-treatment platelet counts increased in both studied groups, while that of
MPV decreased following the start of treatment. This decrease in the
post-treatment values may be attributed to achieving response in most of our
studied patients to the first line treatment. Similar results were obtained regard-
ing PDW values at the time of presentation and following treatment in both
groups.

This is consistent with the results obtained by korkomaz and his colleagues
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(2013), in which MPV was found to be higher in patients diagnosed with ITP,
and it normalized after first-line treatment [24]. An explanation for this finding
may be how steroids therapy improves platelet survival but doesn’t increase
platelet production (platelet turnover) by significantly decreasing antibody pro-
duction and suppressing RES phagocytic function. Subsequently, following the
start of steroids, an increase in the small mature platelets and decrease in the ac-
tivated large platelets occur [34] [35]. In both pediatrics and adults, PCT was
significantly higher after the start of treatment, compared to its values at the
time of diagnosis. This change in PCT following the administration of the first
line treatment was consistent with the change of PLT count as proved by Liu and
colleagues, 2016 and Korkmaz et al, 2013 who found increased PCT following
the treatment [36] [24]. Following treatment, PLT count and PCT gradually in-
creased, whereas PDW and MPV gradually decreased. PLT count was negatively
related to MPV, while MPV was positively related to PDW [36]. These studies
were also consistent with our results and with those of Fan and Wei (2014)
which suggested that the change of platelet parameters was beneficial to the di-
agnosis and efficacy interpretation of ITP patients [37].

In our study comparing the studied platelet indices before and after treatment,
it revealed that a high statistically significant difference was obtained between
MPYV and PCT values at the time of diagnosis and after the start of first line
treatment in both groups (P < 0.01) and PDW showed only statistically signifi-
cant difference in pediatrics (P < 0.05), while no significance was elicited in
adults (P > 0.05). Similarly, Korkmaz and co-workers, 2013 reported that MPV
and PCT values show a high statistically significant difference between the time
of diagnosis and after the start of first line treatment (P < 0.01) but PDW didn’t
show any statistically significant difference [24]. In the contrary, Kim et al, in
2002 found that MPV shows statistically significant difference between the time
of diagnosis and after the treatment but with increase in its values, while PDW
showed no significance [38]. This deviation in results could be attributed to the
difference in the selection of the patients where Kim et al, (2002) selected his
patients from children only, the initial treatment given was IVIG as first line and
they used Coulter STKS as the hemtology analyzer [38]. Korkmaz ef al, 2013
study was based on 81 patients and used steroids and IVIG as initial therapy and
their analyzer was Siemens Advia 2120 [24]. As mentioned the difference in the
type of the hematology analyzer used could affect the results, as older automated
analyzers, used in these studies, cannot discriminate platelets from other simi-
lar-sized particles such as fragmented red or white cells, cell debris and immune
complexes. Moreover, they do not count large or giant platelets because they
cannot be differentiated from red cells. Furthermore, many studies in the litera-
ture have shown that MPV is dependent on number of variables, including time
of analysis after venipuncture, anticoagulant used, specimen storage temperature
and cell counter technologies [36] [39].

As shown in our results, all platelet indices values at the time of diagnosis of
acute ITP in both adults and children showed a highly statistically significant
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difference between patients who achieved complete response to first line treat-
ment and non-responders. Moreover, pre-treatment MPV and PDW levels were
significantly different in patients who achieved partial response from
non-responders. Hence, we assumed that pre-treatment platelet indices values
could help predict how acute ITP patients will respond to first line treatment;
either by achieving complete or partial response or not responding at all, thus
detecting failure of first line treatment in those patients earlier and starting them
on second line drugs before occurrence of bleeding due to persistently low
platelet counts. Accordingly, we tried to settle cut off values to the platelet indic-
es that can predict the patients’ response to treatment using the ROC curve.
Currently, physicians tend to focus on the relationship between the change of
platelet count only and diseases. Simultaneous measurement of all the platelet
indices will provide us a valid tool for measuring disease severity and an insight
into the potential etiology that resulted in platelets’ indices changes. The find-
ings of the current study as well as other studies have demonstrated that the use
of platelet parameters is convenient, reliable and valuable to the diagnosis and

follow up in I'TP patients as it avoids the pain from bone marrow biopsy [36].
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