
Vol 4 | Issue 3 | Jul - Sep 2017 Indian J Child Health 318

Original Article

Mean platelet volume as a marker of Kawasaki disease in children
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The mean platelet volume (MPV) is universally available 
free of any extra cost during performing routine blood 
counts by automated hemograms [1]. MPV, unlike mean 

corpuscular volume of erythrocytes, has been less put to clinical 
utility. There are a number of studies regarding the changes of MPV 
in different diseases including pyelonephritis [1], pneumonia [2], 
septicemia [3], bronchiolitis [4], rotaviral diarrhea [5], malaria [6], 
and infective endocarditis [7]. There is a potential role of MPV in 
evaluating patients of acute coronary syndromes [8], peripheral 
arterial diseases [8], deep vein thrombosis [8], pulmonary 
embolism [8], and other vascular diseases. However, the cutoff 
values of the platelet indices with regard to clinical scenarios have 
not been validated by rigorous studies [8].

There are only a very few studies on the changes of MPV 
in Kawasaki disease (KD). Most of them have investigated the 
changes of MPV in KD patients with coronary artery disease 
(CAD) versus those without CAD [9]. To the best of our 
knowledge, there are only two studies that have tried to apply 
MPV as a diagnostic marker of KD. Hu et al. had studied 23 KD 
patients and found the MPV to be significantly lower in KD 
patients than the controls [10]. In 2012, Liu et al. had a similar 
observation from a study based on 309 KD cases [11]. However, 
there has been no such study in the Indian subcontinent.

KD is essentially a clinical diagnosis with common confusion 
with other febrile illnesses. An overdiagnosis results in prescribing 
intravenous immunoglobulin which is both very expensive as 
well as has its own potential adverse effects whereas a hesitation 
in diagnosis results in antibiotic abuse and silent development of 
potentially lethal CAD later on in life. In fact, a previous study 
published by the author Chakrabartty et al. [12] also found that as 
much as 56% of KD patients, who present beyond the 2nd week, do 
not meet the criteria laid down by the American Heart Association 
guidelines for either complete or incomplete KD.

This retrospective study investigates the association of low 
MPV with fever due to KD and its role in differentiating KD from 
other common causes of fever in children.

METHODS

The values of MPV of 28 children admitted with KD to a 
pediatric hospital in Eastern India in January 2015 to January 
2017 were collected retrospectively from the hospital records. 
In these patients, the diagnosis of KD was accepted only when 
the following criteria were met: (a) The diagnosis was agreed 
upon by at least two pediatricians independently according to 
the American Heart Association 2004 criteria for the diagnosis 
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of KD, (b) No other obvious cause of fever coexisted with KD in 
a particular patient, and (c) prompt clinical response within 48 h 
of administration of intravenous immunoglobulin. As the values 
were collected from the past hospital records, hence, the clinicians 
who had diagnosed these children as KD were absolutely unaware 
of the study, thereby eliminating any bias.

The MPV values of a second group of 50 children admitted 
during the same time in the same hospital with other etiologies of 
fever were randomly selected as controls by another person, who 
was also unaware of the objective of the study. All children were 
between the ages 6 months and 6 years. There were no significant 
differences between the baselines characteristics of the cases and 
controls such as age, sex distribution, and duration of fever at 
presentation (Table 1). Furthermore, the serum sodium, serum 
albumin, and the platelet counts of the KD patients were noted. 
The values of serum albumin were available for only 10 patients. 
The other causes of fever have also been investigated (both by 
history and laboratory tests, including inflammatory markers and 
blood culture), even after having clinically suspected KD.

Collection of Blood and Analysis

Blood was collected from a peripheral vein with minimal stasis 
and dipotassium edetic ethylenediaminetetraacetic acid (EDTA) 
was used as an anticoagulant while storage and transportation of 
the sample. All blood samples were tested within 2 h of collection 
to avoid distortion of the MPV values due to EDTA. The blood 
was tested using a quality-controlled automated hemogram 
machine. The values of MPV were obtained only from the 
first blood sample sent after the admission of the child. Being 
a retrospective study, authors did not have any active control 
on these blood collection or analysis methods. However, these 
are the protocols being universally followed at all times in our 
hospital for all the patients.

Statistical Analysis

Statistical analysis was done using statistical version 6 
[Tulsa, Oklahoma: StatSoft Inc., 2001] and MedCalc 
version 11.6 [Mariakerke, Belgium: MedCalc Software 2011] 
software. All numerical variables are normally distributed by 
Kolmogorov-Smirnov goodness-of-fit test. The MPV values of 
the KD group and the non-KD group were compared by Student’s 
unpaired t-test. The receiver operating characteristic (ROC) curve 
was obtained so as to find the cutoff value of MPV, at which KD 
can be suspected. The sensitivity and specificity of this cutoff 
value was also calculated from the ROC curve.

RESULTS

The mean MPV among the KD group was 9.75±0.98 femtoliter 
[fl] whereas it was 11.14±1.53 fl in the control group. Area under 
the ROC curve was 0.707 with a 95% confidence interval (CI) of 
0.680-0.872 (p<0.001). From the ROC curve, it was found that 

at MPV of ≤10.0 fl, KD can be diagnosed with 75% sensitivity 
(CI: 55.1-89.3) and 80% specificity (CI: 66.3-90.0) (Fig. 1). At 
values MPV <10 fl, the specificity progressively increases.

Among the KD patients, mean serum sodium was 
133.9±3.6 mEq/L (range: 128-140 mEq/L, median 133.5 mEq/L), 
mean serum albumin was 3.27±0.67 g/dl (range 2.2-3.9 g/dl, 
median 3.6 g/dl), and the mean platelet count was 496500±213267/
cc (range 165000-904000, median 470000). Hyponatremia was 
observed in 17 patients (60.7%), hypoalbuminemia in 4 patients 
(40%), and thrombocytosis in 12 patients (42.9%). A MPV of 
≤10 fl was seen in 21 patients (75%) (Fig. 2).

DISCUSSION

The mean MPV in the KD group was 9.75±0.98 fl whereas it was 
11.14±1.53 fl in the control group. This is the only third [10,11] 
study which has shown that MPV values are lower in KD and this 

Table 1: Baseline characteristics of the cases and controls
Baseline characteristics KD cases Controls
Age (in months) 26.9±15.2 28.1±19.1
Gender (male:female) 19:9 32:18
Duration of fever (in days) 8.2±1.9 9.2±3.1
KD: Kawasaki disease

Figure 1: Receiver operating characteristic to identify mean 
platelet volume cutoff for diagnosing Kawasaki disease

Figure 2: Frequency of occurrence of the established parameters of 
Kawasaki disease versus “low mean platelet volume”
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fact can be used to clinch the diagnosis of KD with even more 
certainty. Furthermore, in incomplete KD, where the established 
features are even more lacking, low MPV can aptly serve as an 
important diagnostic tool. As mentioned previously, at values of 
MPV <10 fl, the specificity progressively increases. This means 
that lower the value of MPV, lower is the probability that a 
non-KD patient will be wrongly diagnosed as KD patient.

KD affects as much as 60-150/100,000 children worldwide [13]. 
With increasing awareness, more and more cases are being diagnosed 
every year. It has become the most common pediatric vasculitis 
and also the most common vasculitic disorder among all ages [13]. 
With the increasing control of infective diseases worldwide, KD 
has surpassed rheumatic heart disease as the most common cause 
of heart disease in the adolescents and young adults. Without 
treatment, coronary artery problems occur in 25% and about 1% 
die [14]. However, prompt diagnosis and treatment can reduce the 
mortality to 0.17% [14]. With this background, lower values of 
MPV, especially when available at no extra cost, may be valuable in 
differentiating KD from other common childhood fevers.

The accepted laboratory parameters for KD are hyponatremia, 
hypoalbuminemia, and thrombocytosis. However, we observed that 
a MPV ≤10 fl was present in much higher number of KD patients 
(75%), than hyponatremia (60.7%), hypoalbuminemia (40%), and 
thrombocytosis (42.9%). Hence, if the parameter of “low MPV” is 
taken into account, along with the established parameters, then, the 
probability of diagnosing KD more correctly increases.

As discussed earlier, the MPV has been found to be altered 
in various infective and inflammatory conditions [1-8], including 
various procoagulant states that involve reactive activation 
of platelets [8]. MPV has also been found to be decreased in 
rheumatological diseases such as rheumatoid arthritis and ankylosing 
spondylitis [15-17]. The cause of change of MPV in these diseases 
is unknown. Liu et al. [11] observed that the platelet volume, rather 
than platelet count, is a more effective marker of platelet function. 
Defective regulation as well as altered secretions of various 
cytokines such as interleukin-6 and Granulocyte-macrophage 
colony-stimulating factor (GM-CSF) during thrombopoiesis and 
megakaryocyte fragmentation may be the cause of altered MPV in 
various diseases [18-21]. Studies have suggested that interleukin-6 
and GM-CSF increase during the acute phase of KD which might 
contribute to the decreased MPV in KD [22,23].

Andrews and Berndt reported that infective, inflammatory, 
and allergic conditions stimulate the bone marrow, leading 
to increased platelet production. A large number of young 
platelets with a bigger (higher MPV) size are released into the 
circulation [24]. Kisacik et al. published that MPV was lower in 
autoimmune vasculitis such as rheumatoid arthritis and ankylosing 
spondylitis in their study population [17]. Yüksel et al. had a 
similar observation of low MPV in inflammatory bowel disease 
(autoimmune disease) [25]. The question arises that although 
the inflammatory diseases are provoking the bone marrow to 
produce young platelets with larger sizes, still why many authors 
have found low MPV in these diseases? Ergül et al. explained the 
reason that: “Reduction in the MPV value may be related with 
migration of large young platelets to the site of inflammation and 

a relative decrease (of larger platelets) in the circulation [4].” Flad 
and Brandt reported that during inflammation, the microtubular 
structure of the platelets undergoes depolymerization, and there 
are also changes in the structure of actin polymerization. This 
causes the changes in the MPV during inflammation [26]. Tanju 
et al. opined that the inverse relationship between platelet count 
and MPV in some diseases (as also in KD) occurs in an effort to 
maintain a normal hemostasis by maintaining a constant platelet 
mass [27].

There is a lack of any international guideline or 
recommendation for the blood collection and transport pertaining 
to studies on platelet indices. However, the studies of platelet 
parameters as diagnostic and prognostic tools in different diseases 
is still a research subject and is yet to be accepted on daily clinical 
practice. This may be a limitation to our study as well as to a large 
number of other studies on platelet parameters. Hence, as more 
studies continue to accumulate in future, the awareness for more 
stringent protocols will be inspired for. We, however, observed 
that our method of blood collection and transport was exactly the 
same as the method described by Liu et al. (which, incidentally, is 
the largest study on this topic) [11].

The second major limitation was to decide whether to take 
healthy afebrile children as the controls or whether to take children 
suffering from other diagnosed causes of fevers as control? The 
only two studies done on this topic differ in opinion in this regard. 
While Liu et al. took healthy children as controls, Hu et al. took 
febrile (fever due to causes other than KD) as controls. Our study 
followed Hu et al. in this regard [10,11]. The third limitation was 
whether MPV measurement will be significantly affected by the 
day of illness when the blood is tested? However, most of the 
studies mentioned above have not tested the blood on a specific 
date from the onset of fever.

Lastly, this was a retrospective study and the sample size 
was also small. However, the largest study on this topic done 
by Liu et al. was also retrospective [11]. While Liu et al. had 
studied 309 participants, the only other study done by Hu et al. 
Studied only 23 participants [10,11]. Considering the paucity 
of data on this topic in the medical literature, our study may be 
quite important in paving for further larger and stringent studies 
in this regard.

CONCLUSION

Low MPV is strongly associated with KD, and a low MPV should 
raise the suspicion of KD in febrile children. Further, prospective 
studies involving larger sample size are needed to establish 
the pathophysiology as well as clinical significance of MPV to 
diagnose KD.

REFERENCES

1. Catal F, Bavbek N, Bayrak O, Uz E, Isik B, Karabel M, et al. Platelet 
parameters in children with upper urinary tract infection: Is there a specific 
response? Ren Fail. 2008;30(4):377-81.

2. Karadag-Oncel E, Ozsurekci Y, Kara A, Karahan S, Cengiz AB, Ceyhan M. 
The value of mean platelet volume in the determination of community 



Vol 4 | Issue 3 | Jul - Sep 2017 Indian J Child Health 321

Roy et al. Mean platelet volume in kawasaki disease

acquired pneumonia in children. Ital J Pediatr. 2013;39:16.
3. Lelie J, Borne A. Increased mean platelet volume in septicaemia. J Clin 

Pathol. 1983;36:693-6.
4. Ergül A, Torun Y, Uytun S, Aslaner H, Kısaaslan A, Şerbetçi M. Reduction 

in mean platelet volume in children with acute bronchiolitis. Turk Pediatr 
Ars. 2016;51(1):40-5.

5. Mete E, Akelma AZ, Cizmeci MN, Bozkaya D, Kanburoglu MK. Decreased 
mean platelet volume in children with acute rotavirus gastroenteritis. 
Platelets. 2014;25(1):51-4.

6. Ladhani S, Lowe B, Cole AO, Kowuondo K, Newton CR. Changes in white 
blood cells and platelets in children with Falciparum malaria: Relationship 
to disease outcome. Br J Haematol. 2002;119(3):839-47.

7. Cho SY, Jeon YL, Kim W, Kim WS, Lee HJ, Lee WI, et al. Mean 
platelet volume and mean platelet volume/platelet count ratio in infective 
endocarditis. Platelets. 2014;25(8):559-61.

8. Leader A, Pereg D, Lishner M. Are platelet volume indices of clinical use? 
A multidisciplinary review. Ann Med. 2012;44(8):805-16.

9. Chen J, Liu Y, Liu W, Wu Z. A meta-analysis of the biomarkers associated 
with coronary artery lesions secondary to Kawasaki disease in Chinese 
children. J Huazhong Univ Sci Technolog Med Sci. 2011;31(5):705-11.

10. Hu YW, Zhou CX, Chen LH. Significance of platelet parameters in children 
with Kawasaki disease in diagnosis and prognosis. J Appl Clin Pediatr. 
2007;22(13):982.

11. Liu R, Gao F, Huo J, Yi Q. Study on the relationship between mean platelet 
volume and platelet distribution width with coronary artery lesion in children 
with Kawasaki disease. Platelets. 2012;23(1):11-6.

12. Chakrabartty S, Pramanik S, Thapa R. Difficulties in the diagnosis of 
Kawasaki disease. Indian Pediatr. 2006;43(8):728-31.

13. Singh S, Kawasaki T. Kawasaki disease - An Indian perspective. Indian 
Pediatr. 2009;46(7):563-71.

14. Merckmanuals.com (Internet). Kawasaki Disease [KD] - Pediatrics - 
Merck Manuals Professional Edition. Merck Manuals Professional Edition. 
Available from: http://www.merckmanuals.com/professional/pediatrics/
miscellaneous-disorders-in-infants-and-children/kawasaki-disease-kd. [Last 
updated on 2017 Jan 05; Last cited on 2017 Jan 11].

15. Yazici S, Yazici M, Erer B, Erer B, Calik Y, Ozhan H, et al. The platelet 
indices in patients with rheumatoid arthritis: Mean platelet volume reflects 
disease activity. Platelets. 2010;21(2):122-5.

16. Gasparyan AY, Stavropoulos-Kalinoglou A, Toms TE, Douglas KM, 
Kitas GD. Association of mean platelet volume with hypertension in 

rheumatoid arthritis. Inflamm Allergy Drug Targets. 2010;9(1):45-50.
17. Kisacik B, Tufan A, Kalyoncu U, Karadag O, Akdogan A, Ozturk MA, et al. 

Mean Platelet Volume (MPV) as an inflammatory marker in ankylosing 
spondylitis and rheumatoid arthritis. Joint Bone Spine. 2008;75:291-4.

18. Martin JF, Trowbridge EA, Salmon G, Plumb J. The biological significance 
of platelet volume: Its relationship to bleeding time, platelet thromboxane 
B2 production and megakaryocyte nuclear DNA concentration. Thromb 
Res. 1983;32(5):443-60.

19. Kapsoritakis AN, Koukourakis MI, Sfiridaki A, Potamianos SP, Kosmadaki MG, 
Koutroubakis IE, et al. Mean platelet volume: A useful marker of inflammatory 
bowel disease activity. Am J Gastroenterol. 2001;96(3):776-81.

20. Kaushansky K. Thrombopoietin. N Engl J Med. 1998;339:746-54.
21. Kaser A, Brandacher G, Steurer W, Kaser S, Offner FA, Zoller H, et al. 

Interleukin-6 stimulates thrombopoiesis through thrombopoietin: Role in 
inflammatory thrombocytosis. Blood. 2001;98(9):2720-5.

22. Furukawa S, Matsubara T, Yone K, Hirano Y, Okumura K, Yabuta K. 
Kawasaki disease differs from anaphylactic purpura and measles with regard 
to tumour necrosis factor-alpha and interleukin-6 in serum. Eur J Pediatr. 
1992;151:44-7.

23. Igarashi H, Hatake K, Tomizuka H, Yamada M, Gunji Y, Momoi MY. High 
serum level of M-CSF and G-CSF in Kawasaki disease. Br J Hematol. 
1999;105:613-5.

24. Andrews RK, Berndt MC. Platelet physiology and thrombosis. Thromb Res. 
2004;114:447-53.

25. Yüksel O, Helvaci K, Başar O, Koklu S, Caner S, Helvaci N, et al. An 
overlooked indicator of disease activity in ulcerative colitis: Mean platelet 
volume. Platelets. 2009;20:277-81.

26. Flad HD, Brandt E. Platelet-derived chemokines: Pathophysiology and 
therapeutic aspects. Cell Mol Life Sci. 2010;67:2363-86.

27. Tanju C, Ekrem G, Berksoy Emel A, Nur A. Mean platelet volume as a 
negative marker of inflammation in children with rotavirus gastroenteritis. 
Iran J Pediatr. 2014;24(5):617-22.

Funding: None; Conflict of Interest: None Stated.

How to cite this article: Roy S, Majumdar SD, Chakrabartty S, Chakravarti S. 
Mean platelet volume as a marker of Kawasaki disease in children. Indian J 
child health. 2017; 4(3):318-321.


