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Abstract

The measurement of packed red cell volume, or hematocrit, remains a widely used method for
screening anemia and monitoring treatment across various patient groups. The standard method for hematocrit
measurement is the microhematocrit technique, which is simple, convenient, low-cost, and requires only a small
blood sample. However, this method has limitations, particularly when the operator lacks proficiency in reading
the hematocrit level especially in individuals with visual impairments. Moreover, in high-volume testing
scenarios, manual reading and reporting errors may occur. Recognizing these challenges, the researchers
developed a mobile phone application to assist in reading hematocrit values. The study evaluated the
application's accuracy using blood samples adjusted to hematocrit levels in three ranges: 20-25%, 40—45%,
and 60-65%. The coefficient of variation (%CV) for the application readings in these three ranges was found
to be 0.9, 1.3, and 0.8, respectively. The accuracy values were -2.4%, -2.1%, and -2.2%, respectively. A total
of 171 samples were tested and compared using the microhematocrit method, an automated hematology
analyzer, and the mobile application (in both automatic and manual modes). The correlation coefficients for
these comparisons were 0.990, 0.990, 0.974, 0.973, 0.992, and 0.981, indicating a high level of correlation.
The intraclass correlation coefficients (ICC) further confirmed high consistency, with values of 0.995, 0.995,
0.987, 0.986, 0.996, and 0.990 (P < 0.001). Additionally, the application was capable of measuring hematocrit
in turbid samples and those with red cell hemolysis up to grade 4+. User satisfaction among those who tested
the application was rated as good (mean score of 4.43 £ 0.64). In conclusion, this mobile application can serve
as an effective alternative to standard microhematocrit methods and automated hematology analyzers,

particularly in settings with limited laboratory equipment.
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Manual vs HCT 0.990 0.995 (0.993-0.996) <0.001**
Automatic vs Automate 0.974 0.987 (0.982-0.990) <0.001**
Manual vs Automate 0.973 0.986 (0.981-0.990) <0.001**
Automatic vs Manual 0.992 0.996 (0.994-0.997) <0.001**
HCT vs Automate 0.981 0.990 (0.987-0.993) <0.001**

WHBLHE : ** Correlation is significant at the 0.01 level (2-tailed)
Auto = Application Automatic mode
Manual = Application Manual mode
HCT = Hematocrit reader

Automate = ia3as T Tziliaiianaalud@ 34 Sysmex XN1000

a =< [ Aa % o % 1 a (=4 A % 1
5. wan13lsziwaunenalalun1s 17w N AT REINSUNITATIIMIAIUTNIATTALRDALAID ALK
a =S 1 v a o 1 ' A a qudl
wamatsziliuanuianeladamanasaslfuadwiiadulunisdud fanlantalaslignaulananas
IBuaUwiiatuitaindesd fudinig 5 uns negithouazlssweunasasiuguandinadiuim 3 uns lasnams
Usziintlsznaudls 1. auwanNazanlumIlginm 2. AwnIvinuwaILaUnaATY Las 3. SNUANUINNUT

TumslganunaUnaLatu I@m’mmﬁﬂagjﬁ 443+ 0.64

= a = ' ) 4 o o a4 '\ A & A o '
MN1379N 6 Nﬂﬂ']iﬂiZLNuﬂjq&lW\‘]Waiﬁ]@laﬂ'ﬁi‘lﬁ’]uLﬂiaﬂ@]uLL‘UUﬁ']‘ﬁﬂ.la']%ﬂ']ﬂill']mLN@]La@@]LL@]G@@LL%% (n=8)

s1ansuseidin ARag £ SD nsuda

ANNKRNEY

v ¥
ﬂ’l%ﬂ’)’l&lﬁtﬂ’)ﬂi%ﬂﬁi‘lﬁ\ﬂ%

1. R2aINGAMIITNY 4.38 +0.74 @
2. gzadnbumInnmndamnsulsnu 4.75 + 0.46 fun
3. fanudwaansldnn 4.63 + 0.52 aun
4. uadwalnTwlaNNTIASIGaNITIAA 4.38 + 0.74 @
5, @h"?i"i”ﬂvl,ﬁmﬂLLaﬂwﬁLﬂ‘*ﬁ'uﬁmmgﬂﬁmLﬁaLﬁﬂuﬁ'ﬁ%mmgm 4.50 £ 0.53 @
6. gﬂLmumiﬁﬂmummuaﬂwﬁmﬁuﬁmmmaﬂﬁ] 4.50 + 0.53 @
7. uatwatwimunzunmsin s 450 + 0.53 @
8. fivszlomidarl o 4.63 £ 0.52 fun
9. flamudaaanbeaglinu 450 + 0.76 @




92 | Vol. 18 No. 3, September — December, 2025 Health Science, Science and Technology Reviews

s1ansusiin ALRas £ SD nsuda

AIMNRNY

AIWNITN WY DILDUNALATH

1. 298132 UVBILUNRLATUATUI I 4.00 + 0.93 @
2. fURII9IAUTENaUMIYNN UL B I UNRLATHIANNLANZRY 450 + 0.53 a
3. AUAVUFEAIALSU IR RDALAINANUTALIN B1UdN8 4.50 + 0.53 @
4. fdavasualnituldming 4.38 + 0.74 f
5. lauanIe1uALuL Automatic LEawing 450 + 0.53 &
6. lAuaANTe1UALLL Manual TFanusne 3.75 + 0.89 &
7. ¥useumsnnuuesns 2 nua 4.25 + 0.71 @
AIMAMNFNNHE L1310
1. waUnanruiianunalumsaeuauasdamslan 463 + 0.52 f
2. fuglildnuldazainuazasudiu 450 + 0.76 &
3. LL@ia:LuHuuLLaﬂwﬁmfuﬁmw:ué’uw”ufﬁ'u 4.38 + 0.74 0]
4. fanwuisnalalassindamslsnuuotnaiatiwit 450 + 0.53 &
andseua

NANTUTEL A RU AN TN WU I UNRLAT WA T WA YT NIATLIALR 0 ALAIDALIUNLINAIY

WAREIVIFNTNAATA 3 ITAU LVNU -2.4, -2.1 UAZ -2.2 AUAIAY LAZNINARBUANNINGINTI WUNFTDY
[-%) a Ag 1 = =Y Qq: > 1 % o s A 1
azauUseENTANNLYTUTIN (%CV ) 2aed1Funlaasand 3 AU 1IN 0.9, 1.3 WAz 0.8 ANEIAL FIAN
WNaG1Y % Bias LAz %CV agj‘l,ummeﬁmaa CLIA Acceptable Test Performance Criteria G1Ha619 %Bias L&
a 1 1 dl o 1 Y a a Cll a l&’ Qs Y U d’ o
%CV mumwmwm%umwmwﬂ%m@m’mNﬂ‘wm@ma:mﬂmusl,uﬂizmumiiﬂmgmsJ"L@ waztiatinby
A a o ' Aa . o @ a a ' a

NAFBUMIATIIMAFUlaaSaluad88190357300 Hemolysis lasldanaanasifissnuidsr wuii wadwie
@ ' ' oA o ' Aa . ' a o o i . ' '
TUFINNTDEUAN LANA18871978 Hemolysis 4+ LTULALINUAL Microhematocrit reader MAN1TENUKA §IUNT
fuwmlasltiaIa9taIs Al in 000 Ll WWENNITNIILINWHE L6 Lﬁaﬁ,ﬂﬂ‘n@aaulué’aamaﬁﬁﬂmmjula
Ananganlduinmaesd joamslamenmnapenfisauinduzauanuguaz 1 @18879 WUl waUwRATUN
Tnua Automatic uazlnua Manual snansnauen ldludratefidanuguasud 1+ fa 4+ lens 3 35 dawanu
PYUIzaU 4+ uadniiatulnua Automatic uazlnua Manual sansnguednlalndifnInuas Micronematocrit
reader LL@im%aﬁmi’]:ﬂﬁ@LﬁaﬂS@Iuﬁﬁﬁwmmmﬂ%mmnﬁ@LﬁaﬂLm\‘lé'mmuvlﬁgdﬂh 2 3% 119NN be
NLATBITATIZHALTAL DA LT AR UATUITHAINLROAATUEIN 195 AILLTALRDALAILAN WAL I UG BENINH
anugulaarahlinansaniemaniouasirduiloaiald

nnmnasaulunmsdudrdunlanialaslfuadwiiadulasldaurinlwuszuy Android 31 vivo
1906 Android 1383T% 11 11379 lun1TU Iz NI AR5 mmwrin'mwnww"lﬂvl,@‘fnﬂﬁ e Inln
mia'mmﬁmimﬂ'%mimml‘*ﬁuaﬂwﬁmf’ﬁuﬁﬁwLﬂuﬁammmw’luy‘umd walilalwatntudiwi s drdunlan
a - ' ' o . P A & A . $
Sa'lduaingrdun nsaruarludratandnednivue 2 lnua fa 1nua Automatic wazlvua Manual Tilwua
Manual ﬁfummmlﬁmﬂﬁﬁa@maauvl,ajﬁﬁumaiﬁw%mﬁaswm%ﬂ L85 AANITATDILAZLIRINITLAL
sUnwiathandaddunlanIanienasld lunseudrdrdunlanialavlduatndntu srudlasld

Microhematrocrit reader uazdnwimlaslfinIasdnneiidaiionas luie NWLﬂ%U‘ULﬁﬂuﬁuLﬁaﬂ@ﬁaU@ﬁ’]ﬂl 89



Health Science, Science and Technology Reviews Vol. 18 No. 3, September — December, 2025 | 93

o a & o o Y aa . o o o a & A o '
NaFNUTeANTRRaNN T LaulTREA Pearson correlation HIANNRNNUTIUNNTIAFUTUIATAALREALAID ALK
‘3 ad d'(vduw Qn€uu€ v & A& = @ o § e l 1 nu‘:‘r
14 3 3% waf latienduiszambandauviug 0.71-1.00 usaaliiruianslanuduiuinugs vieniuadwiiatud
0Nl E w1 Ta A YT AT N AR A LA IR AL LEANN L Tan e ke L anaRaURAARRANNWEAE 1N
& AV oA % A A % o A o A o o
T4 (ICC ) waftlafidnlng 1 Aammasevdanusaaadesnugs et ldnaseuiiemanuseandasnulas
14wann13 Bland-Altman analysis annnaWwuitdayadiuunaglugig Limits of agreement uaaslwifiuin
nsaualsunasdaiieaundoaninlasltiaUnaLaTINg Inua Automatic Lazlrue Manual s1a13asinluls
wnunsanalasdTiulasdnnlansa eI RLlaLa0n0 A Lule Lo

nmsUsziinanunanaladenmmasadlsuadwiasulunisaruardunlansanu lagutaduain
Joyarild duanuazainlunisldnu dunsvihauasnedniiety uazduanuauRuslunslsonm an
uwupgaunuauianels wuhdlnudulngliazuuuszduann
FFNAINTITINUVBILBUNRLATY Ao 871 ARANNEITIUMTUTeNIaNALLBLAS U8B LA TLTA
lagnes agslsneny lunsdiasnanigiznunsnltanulwlnuauunniala wazluauiaadwuwnisnawszuuls
v @ f 4 @ v A A A A X
sansnditayannmaawy llgszudiunaaianguaine laeg1alidsz@ninwd i uazauwranaz

Wl IARINNID M LeNIT2UY 10S 1as Android

s Q
a;ﬂwams'sw
Tumsanei ﬂngﬁﬁ'ﬂﬁﬂmauﬂixaﬁmwmaaLLaﬂwﬁLﬂ"ﬁ'uﬁ’m%'ua'mmﬂ?m@nﬁmﬁammaé'@
wiw lasdsziduanuutngl (Accuracy) MNMIAMIMTaLazANNANALAREY (%Bias) luaratifanTeay
@199 wansfnslSoufisuuaasliiduwiuedwiietuaanindud lagndaslndifnsnuiTnsanasg s
Teoun 55laulasgunlanse
4 a 1 dl v o U v L a ﬂ{
Walsslina1nuLnedass ( Precision ) dransanwimaansasasadsz@nTanundsyusiw (%Cv)
o ' A Aa . A a ) ' a o A, o 4 = N
Tumatsfeandadunlansa 3 32aU WUwaUNRATHAAIAMULUTUTIRINITAUE waaIdInNNFILEND
PaINAMIEY wenanidimaninliaudidanlaaialudaednandnig Hemolysis wazanugule
a o a a5 o o % aa . ' ] v o '
INMINATIERINU TeANTIRTNNUTGIUFDG Pearson correlation WLINANN tdanNNTawlaswal
WRLATUNIlulnNa Automatic LazlvNe Manual FANNRFNNWENUAINE11AI855 microhematocrit method ez
dl U § a =3 L= ! Q. > Qs 2 a e a Qr > >
mw"lmrmLﬂ%@{nmﬁ:ﬁmmLﬁa@amiumlmmuga (ANNFUNUTLNG 1) HAMTAATIZAFTNUILENTaRFUNUT
Aulusu (Intraclass Correlation Coefficient: ICC) f3uaadlilAuindfiannuadnwiiatunizadlnuaiaiim
saansaInuganuananasgulasden icc Ind 1 WaiddanlaaiaflannynifaniGouioy woihifian
1 I} - o > aa d v >
uanasadnpdanINEna (P < 0.001) mummﬁammaa@ﬂaamug\a
NANIIILATIZH Bland-Altman WUINAINIANLaUNRLATUNI IANAD A L ALas IR NALN A ot
' A o L. A a a o aa a a A a ¢ =
lugr9vauivaaNuLTasih (Limit of agreement) LilatdSouisunuislulasdunlaasauaziaiasianeziida
A o wn . a o o o A v A @
LR0ADALUIA LEAITILAUNRATUEINITDLTINW A Iz aUNINRLALIN
Wanasavihuadwiiadululslunadisuazdasd jidnisau wuigdldnudanutaweladanisld
nuaglutienzaud lasddnaiuanuiawalalasmuegluszauainnlunndu



94 | Vol. 18 No. 3, September — December, 2025 Health Science, Science and Technology Reviews

v
Jaldwalle
1. nowltuadndgulumaswmmeaduilaniaasdasyuraduaasidalvnsauldnm
2. dasnndauaszuuansazey lnanngnasaslinuuelniiagu anarildlunsiaduSunoudae

LR ALAIOAWILAANITUITNIBKA kT

=) =Y
naanIINdszna
U s 6 ] d' v v al gﬂl A A v v
awwa°uauqmﬂmmmnﬂmmlwmmﬂ;mLﬂugmaqmgeﬂumsmmaauLmawmﬁmu,aﬂﬂ
fuuzinilidinnsIduandse °na‘uauqmmmaﬁ'ﬂinnﬂuﬁﬁdmia&Jﬁ'mmﬁﬁ‘i'ﬂsl,uﬂ%'aﬁl,l,aw DUBLA
Tyswsnuiaseafssansnsnduaauwnindsalvgnsalyldaqsa uwaziadnvavaun M InenaBLaz
ATATRULITANRAS wﬁ‘nma"’mnmiﬁaﬁfum&unuﬁﬁ'ﬂuﬂ%’aﬁ ﬁwamwwauwszqmﬁuamaga

Ll@N&NT19D9

[11 The Thai Society of Hematology. Self-interpretation of complete blood count results [Internet].
[cited 2023 Feb 28]. Available from: http://www.tsh.or.th/Knowledge/Details/34. (In Thai)

[2] Erythrocytosis [Internet]. Cleveland Clinic; 2022 [cited 2.25 Apr 8].

Available from: https://my-clevelandclinic-org.translate.goog/health/diseases/23468.

[3] Bull BS, Fujimoto K, Houwen B, Klee G, van Hove L, van Assendelft OW, et al. International Council
for Standardization in Haematology (ICSH) recommendations for “surrogate reference” method
for the packed cell volume. Lab Hematol [Internet]. 2003 [cited 2022 Oct 2];9(1):1-9.

Available from: https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=b450bdb0a58a54
bae00e81f7e670b413e47a795c.

[4] CLIA Acceptable Test Performance Criteria [Internet]. [cited 2023 Feb 27].

Available from: http://www.clinlabnavigator.com/clia-acceptable-test-performance-criteria.html.
[5] Ngamman S. Evaluation of CBC analysis performance using Sigma metric of Sysmex XT2000i
automated hematology analyzer at Charoenkrung Pracharak Hospital (Research report).
Bangkok: Charoenkrung Pracharak Hospital; 2014. (In Thai)
[6] Oosterhuis WP. Gross overestimation of total allowable error based on biological variation.
Clin Chem. 2011;57(9):1334-6. doi: 10.1373/clinchem.2011.165308.
Available from: https://academic.oup.com/clinchem/article/57/9/1334/56209797login=false
[7]1 Visual grading for serum and plasma. Color images [Internet]. [cited 2024 Feb 27].
Available from: www.liebertpub.com/bio.
[8] Lipemic images — Browse stock photos, vectors, and videos [Internet]. Adobe Stock. [cited 2025 Feb 7].

Available from: https://stock.adobe.com/th/search?k=lipemic. (In Thai)


http://www.tsh.or.th/Knowledge/Details/34
https://my-clevelandclinic-org.translate.goog/health/diseases/23468
http://www.clinlabnavigator.com/clia-acceptable-test-performance-criteria.html
https://academic.oup.com/clinchem/article/57/9/1334/5620979?login=false
http://www.liebertpub.com/bio
https://stock.adobe.com/th/search?k=lipemic

Health Science, Science and Technology Reviews Vol. 18 No. 3, September — December, 2025 | 95

[9] Asst. Prof. Surapong Kongsat and Thirachart Thamwong. Determining the content validity of questionnaires
(IOC) [Internet]. 2008 [cited 2023 Feb 28]. Available from: https://www.mcu.ac.th/article/detail/14329.
(In Thai)

[10] Index of Item-Objective Congruence (IOC) [Internet]. [cited 2023 Feb 28]. Available from:
https://www.sites.google.com/site/prapasara/26?tmpl=%2F system%2Fapp%2Ftemplates%2Fprint%2F &
showPrintDialog=1.

[11] Gebretsadkan G. The comparison between microhematocrit and automated methods for hematocrit
determination. Int J Blood Res Disord [Internet]. 2015 [cited 2022 Oct];2(1). Available from:
https://clinmedjournals.org/articles/ijbrd/ijbrd-2-012.pdf.

[12] Foxbith. 10 most popular programming languages in 2024 [Internet]. Bangkok: Foxbith; 2024 Feb 8
[cited 2024 Sep 7]. Available from: https://www.foxbith.com/blog/languages-for-software-development.

(In Thai)


https://www.mcu.ac.th/article/detail/14329
https://www.sites.google.com/site/prapasara/26?tmpl=%2Fsystem%2Fapp%2Ftemplates%2Fprint%2F&showPrintDialog=1
https://www.sites.google.com/site/prapasara/26?tmpl=%2Fsystem%2Fapp%2Ftemplates%2Fprint%2F&showPrintDialog=1
https://www.foxbith.com/blog/languages-for-software-development

