Platelet indices — Underappreciated
diagnostic/prognostic tool

By Anthony Kurec, MS, MASCP, H{(ASCP)DLM

performed routinely. The presence of quantitative changes

in the number of blood cells and the related morphologic
alterations serve as a basis for diagnosis and performing additional
laboratory tests and other diagnostic assessments.Today’s automat-
ed hematology instruments provide a quick and accurate way to
achieve these results by incorporating state-of-the-art technology of
electrical impedance, conductivity, light or fluorescence absorption,
light scatter, and cytochemistry.'>*%**> With these technologies,
the CBC has grown from measurements of routine cell counts to
performing leukocyte differentials, reticulocyte counts and indices,
and platelet counts and indices. More recently, platelet indices have
been examined and found to be a potentially useful tool that may
provide direct and/or indirect diagnostic information, prognosis,
or disease management."

T he complete blood count (CBC) is a standard laboratory test

Platelets and platelet indices

The bone marrow produces megakaryocytes that release 1,500-2,000
cytoplasmic fragments of about 3-5 pm in diameter and a volume
of 4.5-11 fL.These fragments are platelets that circulate in the blood
for about 7-10 days and consist of a complex of various granules,
secretory vesicles, and a membranous system. Platelet enumer-
ation and morphologic evaluation have long been a traditional
part of the CBC. In a normal, healthy adult, there are 150-450 x
10° platelets/L, with a total blood volume of approximately one
trillion platelets and one-third residing in the spleen.”® Platelet
counts (PLC) are a known factor in response to various disease
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1. Discuss the technologies and advancements of today’s
automated hematology instruments.

2. List the platelet indices that are useful in understanding
certain disease states.

3. Describe the useful platelet indices in cancer, circulatory,
and thrombotic diseases.

4. Describe the useful platelet indices in inflammatory concerns,
metabolic concerns, infectious diseases, and other conditions.
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states. Activated platelets play a significant role in hemostasis by
interacting at vascular injury sites, releasing phospholipids that
activate coagulation factors. More recently, platelets have been
associated with acute phase reactants in response to inflamma-
tory conditions and can influence other cell types in dealing with
various pathophysiology situations.'” These changes in platelet
morphology and proliferation kinetics are reflected in platelet
indices and are now thought to be useful as a set of biomarkers
for understanding and managing certain diseases or conditions.

Platelet indices include the following parameters:

* Mean platelet volume (MPV): The average peripheral
blood platelet size.

e Platelet Distribution Width (PDW): Reflects platelet
anisocytosis, a function of platelet activation when
platelets change in size and morphology.

e Platelet large cell ratio (P-LCR): The percentage of platelets
that are larger than 12 fL. and are metabolically and enzy-
matically more active.

e Immature Platelet Fraction (%IPF): Measures the percentage
of young, immature platelets present, a test similar to what
the reticulocyte count is to red blood cells. The %IPF often
increases as the platelet count increases reflecting the early
release of immature platelets (reticulated platelets) from the
bone marrow. A decreased %IPF result is generally due to
bone marrow suppression.

¢ Plateletcrit (PCT): Calculated as “platelet count x
MPV/10,000.” It is reported as a percentage reflecting the to-
tal volume occupied by platelets in peripheral blood. Sim-
ilar to the PCT is the platelet mass index (PMI), calculated
as the “platelet count x (MPV/1000) fl/nL’ and is thought to
be a useful marker for inflammation.'>%7
Published reference intervals have been shown to vary based

on the analytic platform used. As with all laboratory tests, these
intervals should be established by region, ethnicity, and gender.
Table 1 reflects a sample of what has been identified as general
reference ranges.>**** Elevated or decreased platelet indices have
been identified in various diseases and may provide a simple and
inexpensive tool for managing them as noted in some of the fol-
lowing examples. See Table 2 for a summarized list of common
diseases and their effects on platelet indices.

Cancer
Changes in platelet count numbers can vary due to the presence
of cancer cells, inflammation, or chemotherapy. Higher platelet



Platelet Index

Platelet count

counts as seen in breast, endo-
metrial, ovarian, lung, colon,
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Term Description

PLC | Total # platelets

Reference Values
150,000 — 450,000/pL

stomach, esophagus, renal,
Mean platelet volume

MPV

Platelet — average size

9.6-13.11L

and kidney cancers, may reflect

a more aggressive cancer.>»”” | Platelet distribution width

PDW

Variation in platelet size

9.3-1731L

Circulating platelets will adhere

to the vessel endothelium wall

and tumor cells. As more plate-
lets cover tumor cells, there is

Plateletcrit PCT | % fraction of platelets per total blood mass 22% —.24%
Platelet large cell ratio P-LCR | % of platelets > normal size (i.e.,, MPV >12 fL) 15% — 35%
Immature platelet fraction | %IPF | % of circulating young platelets (reticulated platelets) | 1.3% — 9.0%

resistance to the shear blood
flow force, which may contrib-
ute to evading the hostimmune
response. MPV has been thought of as a surrogate marker
for activated platelets generally associated with inflam-
matory conditions and often present in late-stage cancers.
Activated platelets release microparticles containing cy-
tokines and growth factors. It is believed that cancers can
induce interleukin-6 (IL-6; a pro-inflammatory cytokine)
thus stimulating the production of thrombopoietin that
in turn increases platelet production.
¢ Breast cancer (BC): Elevated platelet counts (PLCs)
have been associated with the risk of breast cancer
while low PLCs were associated with a decreased
risk of BC.*’ In general, BC patients tend to have
elevated platelet counts (PLC) and MPV levels.
Those with metastases when compared to patients
with locally invasive breast cancer had higher
MPVs and PDWs. Two other platelet-related ratios
that have also been evaluated are the MPV/P
(mean platelet volume divided by the platelet
count) and the PDW/P (platelet distribution width
divided by the platelet count). Both of these indi-
ces were increased in patients with metastatic BC
as opposed to patients with local BC, with results
from both groups higher than the control group.
These indices also correlated with tumor staging
and grade. Another platelet-related marker that
has been studied is the platelet-to-lymphocyte
ratio (PLR). When elevated, it has been associated
with poor overall survival and the risk of recurring
breast cancer.”®
* Gynecological cancers: It has been reported that
women with ovarian cancer had elevated PLCs
and a lower number of lymphocytes. In addition,
the PDW levels were increased and were associ-
ated with poor survival.* In contrast, women with
cervical cancer demonstrated lower MPV and
PDW levels, yet PLCs and PCTs were elevated.®
Women with endometrial cancer also showed a
decreased PDW but had a significantly increased
number of platelets as well as an elevated MPV
and PCT.>%
¢ Colorectal cancer (CRC): CRC patients have been
shown to have significantly higher platelet counts
(PLC), PCT, and MPVs than normal or patients
with only colon adenomas. The PDW was higher
in CRC patients compared to healthy controls,

but lower than what was observed in colon adenoma (CA)
patients. The blood tests CEA and CA19-9 are often elevated
in presence of various cancers including CRC. It has been
shown that the PCT and CEA results, when taken together,
were more efficient in discriminating CRC patients from
CA patients.” Further, patients with metastases had higher
MPYV values when compared to those without metastases.

Table 1. Platelet indices reference values (consolidated).
(References: Joergensen, Pogorzelska, Ali, Knight, Gibbs, Tsitsikas, Macey)

Some Common

Platelet Indices

Disease States Elevated Decreased
Breast cancer MPV, PDW, PLC, PLR

Burkitt lymphoma PLC, PCT MPV, PDW, P-LCR
Cervical cancer PLC, PCT MPV, PDW
Cholecystitis, acute PCT, PDW MPV
Colorectal cancer PLC, MPV, PDW, PCT

COPD MPV, PDW

Dengue fever PDW MPV, PCT
Diabetes type 2 PLC, MPV, PDW, PCR, P-LCR | PDW
Endometrial cancer PLC, MPV, PCT PDW

Gastric cancer MPV PDW

Hepatitis C, chronic MPV, PDW, P-LCR PLC
Hepatocellular cancer PDW PLC

IBD - Crohn's disease PLC, PCT, PMI MPV, PDW
IBD — ulcerative colitis PLC, PCT MPV, PDW

ITP MPV, P-LCR, %IPF PCT

Laryngeal cancer PLC, PDW

Lymphoproliferative cancers MPV, PDW
Lung Cancer, non-small cell PLC, PDW MPV, PCT
Malaria PDW, P-LCR PLC, MPV, PCT
Melanoma, malignant PLC, PDW

Ovarian cancer PLC, PDW

Pancreatic cancer PLC, MPV, PDW

Pre-eclampsia MPV, PDW, P-LCR PLC, PCT
Pulmonary embolism MPV, PDW

Renal cancer PLC MPV, MPV/PLC ratio
SARS-CoV-2 MPV, PDW, P-LCR PLC, PCT
Septic shock MPV, PDW, P-LCR PLC, PCT
Syphilis PLC MPV, PDW

Table 2. A limited list of diseases and the effects on platelet indices.

PLC = platelet count; MPV = mean platelet volume; PDW = platelet distribution
width; PCT= plateletcrit; P-LCR = platelet large cell ratio; PMI = platelet mass index;
PLR = platelet to lymphocyte ratio

¢ Gastric Cancer: Patients with gastric cancer often show few

if any symptoms before disease progression, thus early
diagnosis is essential. These patients showed significantly
lower PDW levels when compared to healthy controls and
correlates well with the patient’s age, carcinoembryonic
antigen (CEA), and tumor stage. PDW appears to be a
predictive factor in noting the progression and prognosis
of gastric cancer. Elevated MPV has been associated with
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the stage of disease and is thought to be useful in risk
stratification and predicting low survival rates.'>'7%4

e Laryngeal cancer: A common malignancy generally as-
sociated with the use of tobacco products and excessive
alcohol intake. Patients with this cancer have elevated
platelet counts and PDW, which were significant indicators
of a poorer overall survival rate.®”

* Hepatocellular carcinoma: These patients had high PDW
levels. Patients with higher levels had a worse prognosis
than those with a lower PDW.” Hepatocellular carcinoma
patients with thrombocytopenia and an elevated MPV had
a longer overall survival rate. Further, thrombocytopenia in
patients with cirrhosis has been associated with morbidity
and mortality and is thought to be a risk factor for hepato-
cellular carcinoma.®

e Lymphoproliferative cancers: A low MPV has been report-
ed for patients with diffuse large B-cell lymphoma and
may reflect a poor prognosis. With Burkitt’s lymphoma,
PLC and PCT were elevated while MPV, PDW, and P-LCR
were decreased.® CLL patients with a lower MPV before
starting treatment had a worse prognosis.”’” Patients with
acute lymphoblastic leukemia (ALL) had lower PDW levels
at diagnosis than at remission. There were no significant
differences in MPV and PDW when ALL patients were
compared to acute myeloid leukemia patients (AML).!

e Malignant Melanoma (MM): MM patients with thrombo-
cytosis have been shown to have metastasis and shorter
overall survival. An elevated PDW also reflects a poor
prognosis and has been suggested as an independent
prognostic factor in the overall survival of melanoma pa-
tients. Higher MPV levels were seen in patients with basal
and squamous cell carcinomas when compared to healthy
controls, yet MPV was not elevated in MM.>%05

¢ Non-small cell lung cancer: These patients showed signifi-
cantly lower MPV and PCT values than the control group,
but PDW and platelet counts (PLC) were elevated. PLCs
and PCTs were seen to be higher in metastatic patients
than for those without metastases.'>%4748

e Pancreatic cancer: An aggressive cancer with a poor
prognosis often presenting with few if any, symptoms. The
cancer markers CA19-9, CA125, and CEA are elevated gen-
erally indicating the presence of cancer but are not cancer
specific. Studies have shown that the PLC, MPV, and PDW
levels are also elevated in these patients compared to
control groups. The PDW showed similar sensitivity and
specificity with CA19-9 values suggesting that elevated
CA19-9 and PDW levels may serve as significant indicators
of pancreatic cancer.>*%¢

* Renal cell carcinoma (RCC): RCC studies have shown that
thrombocytosis may indicate a poor prognosis for certain
cancers. It has also been reported that survival times were
shorter for RCC patients with low MPVs when compared
to normal MPVs, thus serving as a potential prognosis pre-
dictor. Further, patients with a low MPV had a worse five-
year overall survival than those with higher MPV levels
and a greater risk of death. When evaluating the MPV/PLC
ratio, decreased values projected a higher risk of disease
progression and poor overall survival 367!

Circulatory concerns

According to the Centers for Disease Control and Prevention
(CDC), one person dies from cardiovascular disease (CVD)
every 34 seconds in the United States each year. CVDs are a
group of disorders presenting as four main types: coronary heart
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disease, stroke, peripheral arterial disease, and aortic disease. It

is well known that platelets play a pivotal role in CVDs with the

secretion of substances that enhance coagulation, inflammation,

thrombosis, and arteriosclerosis.

¢ Acute myocardial infarction (AMI) patients had an elevat-
ed MPV when compared to non-AMI patients and have
been associated with increased mortality following an MI
or with angioplasty with recurring stenosis. It has been
suggested that the MPV may serve as a useful prognostica-
tor in patients with CVD and has been linked to other car-
diovascular risk factors such as smoking, diabetes, obesity,
hypertension, and hyperlipidemia.™

* Acute mesenteric ischemia is a syndrome due to an
embolism or mesenteric venous thrombosis resulting in
narrowing or blocked blood vessels. The MPV is signifi-
cantly higher in such patients and may serve as a prognos-
tic indicator. Those patients with the highest MPV values
were less likely to survive vascular damage to the liver and
kidneys.!® Acute ischemic stroke (AIS) is due to thrombotic
and embolic mechanisms. AIS patients, after undergoing
thrombolytic therapy, experienced higher MPV levels. In
one study, there was a correlation between worse out-
comes at three months and elevated MPV. Lower MPV
levels at hospital admission predicted a good outcome.”

¢ Pulmonary embolism (PE) occurs when a blood clot (usual-
ly from the leg) travels to a lung artery. Traditionally, clinical
manifestations of a pulmonary embolism may be non-spe-
cific and are the third most common cause of cardiovascular
death. These patients demonstrate higher MPV and PDW
values. Studies have shown there is a positive correlation
between MPV and the increased risk of PE. Platelet counts,
while in the normal range, tended to be significantly lower
in the more severe PE cases than in other cases. Elevated
MPV and PDW combined with the D-Dimer test provide a
strong indication of pulmonary embolism.??

Other thrombotic-related concerns
Other thrombotic concerns include thrombocytosis and thrombo-
cytopenia and have been associated with various medical issues as
potential risk factors. In one study of surgical patients, those with
thrombocytosis (platelet counts > 450 x 109/L) had a high number
of post-operative issues such as failed wound healing, increased
hospital readmissions, and return to the operating room, while
those patients with thrombocytopenia (platelet counts below 150
x 109/L) were at risk with minor complications, post-operative
anemia requiring transfusion and some with cardiac events.? The
presence of thrombocytosis and IL-6 reflect an inflammatory re-
sponse that often accompanies many cancers. Hypercoagulability
and malignancies can result in thromboembolisms a common
cause of death in cancer patients."”

Thrombocytopenia is due to either 1) platelet destruction/
consumption as seen in immune thrombocytopenic purpura
(ITP), disseminated intravascular coagulation (DIC), thrombotic
thrombocytopenic purpura (TTP); or 2) hypoproductive throm-
bocytopenias with outright bone marrow failure generally due
to chemotherapy-induced bone marrow toxicity.

e ITP is an autoimmune problem that attacks and destroys
platelets in error. In hyperdestructive/consumptive throm-
bocytopenia, the MPV, P-LCR, and %IPF are elevated and
significantly higher than in patients with hypoproductive
thrombocytopenia. As expected, the plateletcrit (PCT) is
low due to significantly fewer platelets.?

¢ Differentiating ITP from hypoproductive thrombocytope-
nia may avoid the need for a bone marrow aspiration.*** In
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evaluating PIs, the immature platelet fraction (%IPF) values
were particularly high in those patients with hyperde-
structive/consumptive thrombocytopenia when compared
to those with hypoproductive thrombocytopenia.* When
compared to controls and patients with myelodysplastic
syndrome (a hypoproductive thrombocytopenic condition),
ITP patients had significantly lower PLCs and a lower PCT.
However, the ITP patients had higher MPV levels than the
control group. The PDW for the ITP patients was lower than
that of the MDS group, but still significantly higher than the
controls.®’ In a similar study, the MPV, PDW, and P-LCR val-
ues were significantly higher in ITP patients than in those
with hypoproductive thrombocytopenia. In general, MPV,
PDW, P-LCR, and %IPF levels tend to be elevated in ITP pa-
tients when compared to healthy controls, yet the hypopro-
ductive thrombocytopenia patients did not show this.*

Inflammatory-related concerns

Inflammatory conditions can initiate platelet activation causing

morphological changes in the platelets such as swelling and

pseudopodia (platelet anisocytosis) and may mark activation

of aggregation activity. These changes are usually reflected in

increased MPV and PDW.

e Cholecystitis most often occurs when the cystic duct of
the gallbladder is blocked resulting in the accumulation
of gallstones and is typically diagnosed using ultrasonog-
raphy in addition to other laboratory tests (CRP, ESR, and
WBC). Patients with acute cholecystitis have been shown
to have significantly lower MPV values yet their PDW and
PCT values were significantly higher when compared to a
control group, thus these tests may be of value in the early
diagnosis of cholecystitis."

¢ Inflammatory Bowel Disease (IBD) includes ulcerative
colitis (UC) and Crohn’s disease (CD). Patients with IBD
can develop arterial and venous thrombotic events, ulti-
mately resulting in platelet activation. Active UC patients
tend to have significantly higher PLCs but lower PDW val-
ues when compared to inactive UC patients and controls.
The PCT was also significantly higher while the MPV was
lower. Crohn’s Disease (CD) patients have higher PLCs,
yet significantly lower PDW values when compared to
controls. These patients also had an increased plateletcrit
(PCT) and platelet mass index (PMI) compared to the con-
trols. When comparing the CD group with the UC group,
the PDW values were significantly lower for the CD group.
The MPV was lower in the UC and CD groups compared
to the controls. Further, active UC (AUC) patients showed
significantly higher PLC and lower PDW when compared
to inactive UC patients. When AUC patients were com-
pared to healthy subjects, PCTs were significantly higher
while the MPV was significantly lower. Active CD patients
showed significantly elevated PLC, PCT, and PMI mean
values than inactive CD patients and healthy controls.’

Metabolic concerns

e Diabetes affects 34.2 million people in the United States,
with up to 88 million in the pre-diabetic stage according to
the CDC.Type II diabetes is characterized by hyperglyce-
mia, hypertension, dyslipidemia, impaired fibrinolysis, and
elevated pro-coagulation factors. These factors contribute
to greater platelet activity and potential diabetic angiopa-
thy. Studies have shown that the PCT may be only slightly
higher, but the MPV, PDW, PLC, and P-LCR tend to be
elevated compared to non-diabetic individuals.***¢ PIs

have also been shown to correlate with hemoglobin Alc
levels.* In these studies, the PDW was significantly higher
in diabetics with complications than those without. Thus,
platelet indices may be useful in predicting and monitor-
ing diabetic patients.<b style="font-size: 14px;">

Infectious diseases
Infectious diseases can cause hematological changes including
platelets, which have historically been associated with coagula-
tion and hemostasis. Acute infections can inhibit megakaryopoi-
esis, however, chronic infections tend to stimulate the production
of inflammatory cytokines (IL-1, IL-6, and TNF alpha), which in
turn activate megakaryopoiesis, resulting in the early release
of large, young platelets.

¢ Chronic hepatitis C virus (HCV) patients often develop
hepatic fibrosis, cirrhosis, and complications of end-stage
liver disease. Platelet parameters from these patients have
been shown to correlate with the stage of the disease.
Patients with advanced fibrosis demonstrated significantly
lower platelet counts while the MPV, PDW, and P-LCR
were all elevated.”

* Malaria is a blood parasitic disease, a result of protozoan
infection via a mosquito vector. A decreased platelet count
is the most frequent complication of malaria most likely
due to sequestration. The PLC, MPV, and PCT are de-
creased when compared to healthy adults. The PDW and
P-LCR are increased when compared to healthy individu-
als. It has been reported that the P-LCR and PCT are sen-
sitive and specific markers in the diagnosis and prognosis
of severe malaria infections. As the PLC and PCT decrease,
increased levels of parasitemia are observed thus they
may serve as useful markers for disease progression. Be-
cause these changes in platelet parameters are thought to
reflect higher levels of parasitemia, platelet degranulation
occurs resulting in the release of platelet factor 4, which is
thought to kill malarial parasites.”*'

¢ Dengue fever is a mosquito-borne viral disease that is
generally found mostly in tropical/subtropical areas.
Along with typical symptoms of fever, rash, muscle aches,
and joint pain, patients with dengue fever may also have
abnormal platelet indices. Low MPV and PCT are ob-
served along with an elevated PDW. As with malaria, dis-
ease severity can be reflected in platelet indices changes.*

¢ In a syphilis study with over 2,000 patients with primary
and secondary syphilis, there was significant thrombocy-
tosis and decreased MPV and PDW when compared to
healthy individuals. When treated, these abnormalities
were resolved. The elevated platelet count was shown to
correlate with other syphilis markers such as RPR, cerebral
spinal fluid-WBC, CSF-protein, and CSF-VDRL. In con-
trast, decreased MPV and PDW were negatively associated
with these parameters.”

* SARS-CoV-2 (COVID-19) studies have indicated a rela-
tionship between platelet indices and COVID-19-posi-
tive patients. In critically ill COVID-19 patients, elevated
D-dimers were present along with a prolonged prothrom-
bin time (PT) and a modest decrease in platelets. Viral
infections have been known to cause platelet activation
thus releasing chemokines, which cause changes in
platelet indices. COVID-19 patients showed significantly
higher MPV, P-LCR, and PDW levels when compared
to COVID-19-negative patients. Further, platelet counts
(PLCs) and plateletcrits (PCTs) were lower than those of
COVID-19-negative patients, though not at a significant
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Table 3. Hematology anlyzers and platelet indices

(Source CAP Today, 2022) https://www.captodayonline.com/2022/ProductGuides/10-22_CAPTODAY_Hematology.pdf

level. In another study with COVID-positive children,

the PCT was lower when compared to other respiratory
infections, though again, not at a significant level. In this
same group, the MPV and the PDW were significantly
higher than in the control group.’® A small number of
COVID-positive patients showed an increased %IPF when
compared to normal. In another study, the platelet-to-lym-
phocyte ratio (PLR) was shown to be elevated.**

* Septic shock is a life-threatening condition when blood
pressure drops precipitously after a bacterial, fungal, or
viral infection. Studies have shown that patients with septic
shock who did not survive had increasing MPV, PDW,
and P-LCR levels while the PLC and PCT were decreased.
P-LCR correlated to the MPV in septic shock patients. The
bone marrow may release younger, larger platelets due to
stress-induced platelet destruction, which also results in
decreased PLCs.»%

Other concerns

* Pre-eclampsia (PE) is a serious complication in 3-8% of
pregnancies characterized by high blood pressure and
proteinuria often leading to maternal morbidity and even
mortality. In addition, 5%-10% of women with uncomplicat-
ed pregnancies may have a decreased PLC of <150,000/pL,
with about 70%-80% having a continuous drop in platelets
(gestational thrombocytopenia; PLC<70,000/pL). This type of
thrombocytopenia is similar to ITP and is not always readily
differentiated. The PCT was significantly decreased in wom-
en with severe and mild pre-eclampsia when compared to
a control group. The platelet count (PLC) significantly de-
creases as the degree of severity of pre-eclampsia progress-
es.%26¢The MPV, PDW, and P-LCR are elevated in severe PE
as opposed to mild PE and control groups. These changes in
MPV and PDW correlated with increases in blood pressure
and thus may be useful in the early detection of pre-ec-
lampsia and its severity.®® In healthy individuals, the MPV
and PDW are proportionally related, however, in preterm
labor, the MPV has been noted to decrease as the PDW
increases.* Of interest, patients experiencing a missed abor-
tion showed elevated PLC, PCT, and PMI, while those with
recurrent miscarriages showed elevated PDW.5%

e Chronic obstructive pulmonary disease (COPD) is an
inflammatory condition that is complicated by various
comorbidities including pulmonary hypertension (PH).
Platelets are thought to be part of the pathogenesis and
the progressive nature of COPD. Platelet activation in
COPD patients results in an elevated MPV and correlates
with a greater incidence of advanced disease state and
was particularly higher with those patients that had PH.*
Overlap syndrome (OS) involves the existence of COPD
and obstructive sleep apnea syndrome causing platelet
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activation. Subsequently, both the MPV and PDW are ele-
vated in such patients when compared to healthy controls.®

Discussion

Platelets play an important part in coagulation and hemostasis but
also in inflammation, immunity, malignancy, and organ regenera-
tion.” Platelet counts certainly provide significant information in
the diagnosis and treatment of patients, advances in technology
have allowed for closer scrutiny revealing other associated prop-
erties of platelets. As platelet numbers increase or decrease as a
function of a clinical condition and when activated, platelet indices
may also play a part in supporting a diagnosis or prognosis. For
example, the PDW may be a more sensitive indicator of platelet
activation than the MPV, yet together, as been shown, they can
serve as indicators of patient morbidity and mortality.”? Of interest,
elevated plateletcrits (PCTs) have been noted to appear three or
more years prior to the diagnosis for some cancers, and for lung
cancer, up to ten years before diagnosis.?**%

Platelets normally circulate in a resting state but upon stimula-
tion, become activated. When activated, conformational changes
within platelet glycoprotein IIb/Illa promote fibrinogen binding
that then acts as a bridge for platelet-to-platelet contact resulting
in aggregation. Platelet surfaces have receptors for adhesive gly-
coproteins and are integral in maintaining healthy hemostasis by
adhering to damaged blood vessels, aggregating, and enhancing
thrombin production. Stimulated platelets undergo morphologic
changes, swell, and degranulate. Measurements of platelets that
undergo these various changes are reflected in platelet indices (PI).

Platelet indices are often part of an automated CBC, thus readily
available and inexpensive to obtain. Table 3 lists some hematology
analyzers that can evaluate various plateletindices. As with other
laboratory measurements, variation of normal Pl intervals may be
dependent on race, age, gender, smoking, alcohol consumption,
and physical activity requiring each laboratory to establish refer-
ence ranges. Other considerations when measuring platelets and
plateletindices are the presence of other cell types, cell fragments,
platelet clumps, improper detection of large platelets, and micro
red blood cells that may be counted as “large” platelets. Because
platelets are fragile, blood collection utilizing minimal tourniquet
pressure and maintaining the specimen at room temperature are
optimal practices for platelet analyses. Any delay in analyzing
the specimen (must be processed within 120 minutes) can affect
changes.The type of anticoagulant used to collect blood may also
have an effect.®* In addition, due to variations in the analytical
methodology used, there is also a need to establish harmonization
and standardization to ensure accurate data interpretation that
can be applied to clinical relevance." 4

Chronic infections can stimulate cytokine (IL-1, IL-6, TNF alpha)
production thus activating megakaryopoiesis and releasing younger
and larger platelets into the blood resulting in an elevated MPV.
These larger platelets (high MVP) have more granules, which are
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released within the first 24-36 hours, thus more metabolically
active.” In acute infections, the production of megakaryocytes
can be inhibited. Often acute infections result in the destruction
of large and active platelets at the inflammatory site(s), thus the
MPV may be lower.These changes in the platelet indices have also
been noted in inflammatory bowel disease, rheumatoid arthritis,
ankylosing spondylitis, ulcerative colitis, and atherosclerosis.®*

Breast, lung, colon, esophageal, gastric, renal transitional cell,
gynecological, melanoma, and glioblastoma cancers have been
associated with thrombocytosis. It has been proposed that cancer
cells may activate platelets resulting in thrombocytosis. and subse-
quently, may play a role in promoting tumor growth, angiogenesis,
metastasis, and cancer-associated thrombosis. Further, it has been
suggested that anti-platelet drugs may mitigate such activities.*
As platelet numbers increase or decrease, platelet indices can
also change and thus serve as indicators of disease presence or
progression. For example, metastatic colorectal cancer shows
significantly higher MPVs than those patients without metastatic
cancer. Elevated MPV values in gastric cancer patients decreased
with tumor resection. Patients with thyroid cancer had higher MPV
levels than those with benign goiter or normal controls.* Changes
in the MPV have also been observed in patients with septic shock,
appendicitis, pancreatitis, and infective endocarditis."”

Platelet indices in themselves, are not uniquely diagnostic
but may serve as an adjunct to the early evaluation of various
patient conditions. It should be noted that most of the studies
cited had certain limitations such as the use of different testing
methodologies or noting how blood was collected and stored.
Some studies were retrospective with some conflicting reports.
Nonetheless, it appears that measuring platelet indices can be
useful in following patients. It is inexpensively done as part of a

routine CBC and in some cases may obviate the need for further
and more expensive testing. More prospective studies of platelet
indices are needed to establish consistent normal reference in-
tervals and to further explore how PIs can be used in predicting
various patient outcomes including the risk of death as they relate
to cancers, infections, inflammation, diabetes, thrombotic con-
cerns, and other serious medical disorders. Identifying abnormal
platelet indices could play a useful role in confirming, monitoring,
and/or predicting certain disease outcomes.
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1. Today’s automated hematology instruments 8. Cardiovascular disease plays a pivotal role in 15. Acute infectious diseases tend to stimulate the
incorporate the following technologies the secretion of substances that enhance production of inflammatory cytokines, which
A. Cytochemistry, light scatter, and A. Inflammation and thrombosis activate megakaryopoiesis.
electrical impedance only B. Arteriosclerosis A. True B. False
B. Electrical impedance, conductivity, light/ C. Coagulation 16. Which platelet factor is thought to kill
fluorescence absorption D. All of the above malarial parasites?
C. Light scatter and cytochemistry 9. The value for AMI, AIS and PE patients A2
D. Both B. and C. serves as a good use of risks and outcomes B.3
2. Recently it has been found that ________ for the patient. C.4
can be useful in understanding many A. MPV D.6
pathophysiological conditions. - . )
B.PCT 17. In syphilis, which parameter correlates with
A.RBC count C.PDW other markers of the infection?
B. Platelet |nd|cgs D. P-LCR A. Elevated platelet count
C. Platelet function 10. When comparing post-operative patients who B. Decreased platelet count
D. None of the above had thrombocytosis versus thrombocytopenia, C. Increased MPV
3. Which parameters are included in platelet _there_h_ave bt_een different associated risk factors D. Increased PDW
indices? identified with each. :
AT B.Fal 8 n___ 00 , the bone marrow may
A.MPV, PMI, PCT, %IPF, P-LCR, and PDW - lrue -ralse release younger, larger platelets which results
B. PDW, PMI, PCT, and MPV 11. Which platelet indices tend to be elevated in ITP in decreased platelet counts.
C. PDW, %IPF, PMI. and PCT patients when compared to healthy controls? A COVID-19
D. MPV and PDW A. PCT, PMI, and MPV B. Dengue fever
4. Thrombocytosis has been noted in the B. MPV, PDW, P-LCR, and %IPF C. Syphilis
following cancers except C. MPV, PDW, and PCT D. Septic shock
A. Colorectal cancer D. P-LCR, %IPF, PMI, and PCT 19. Pre-eclampsia presents a thrombocytopenia
B. Ovarian cancer 12. As an early indicator of cholecystitis, patients that is similar to
C. Renal cell carcinoma have been shown to have a lower , .
D. Basal cell . but higher and compared to A. Septic shock
. basal cell carcinoma a control group. B.ITP
5. Ovarian, endometrial, gastric, and non-small . . C. Diabetes
cell lung cancer all show elevated MPV levels. ’é ES%MPP\Z&EDX\[/)T D. Malaria
A.True B. False C: P-LCF’§‘ PCT: OIAJIPF 20. In COPD, platelet activation correlates with a
6. There are no significant differences in D. MPV: PDW: PCT greater_mcldence_of advanced disease state
and in ALL and AML patients. . o ’ . o ar!d which of the higher parfzmeters than those
13. Which disease event results in the activation with pulmonary hypertension?
A. MPV; PCT of platelets?
B. PCT, PDW A.P-LCR
C. MP\’I' PDW A. Dengue fever B. PDW
D. PDVV" PLC B. Inflammatory bowel disease C. MPV
: ' . C.ITP D.PCT
7 — ___ has shown similar D. None of the above
sensitivity and specificity with CA19-9 and . Lo
PDW levels. 14. In diabetes, platelet indices have shown to

A. Malignant melanoma

B. Hepatocellular carcinoma
C. Pancreatic cancer

D. Gastric cancer

correlate with

A. Random glucose levels
B. BUN/Creatinine levels
C. Alc levels

D. Total cholesterol levels
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