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Background: The geometric mean criteria (GC) is an alternative for assessing
proficiency testing (PT) acceptability. A recent study applied GC to the PT
results provided by the College of American Pathologists. We assessed the
feasibility of using GC for anti-blood group antibody titration testing (ABT) in
the Korean PT program.

Methods: The results of the ABT performed in 2019 were reviewed using GC.
GC was calculated as geometric mean (GM)=multiples of geometric standard
deviation (GSD). The number of acceptable results obtained using GC was
compared to that of the conventional mode criteria (MC, mode=x1 second).
Only the results with 30 or more peer group responses were included in the
analyses.

Results: A total of 27 PT results (anti-A: 13, anti-B: 14) were analyzed. The
acceptable proportions from MC were 82.9%-100.0% for anti-A and 76.2%-
100.0% for anti-B. The GC criteria yielded acceptable results of 46.9%-97.6%
(1 GSD), 88.6%-100.0% (2 GSD), and 97.3%-100.0% (3 GSD) for anti-A. For
anti-B, 1 GSD, 2 GSD, and 3 GSD criteria resulted in 44.7%-90.6%, 90.6%-
100.0%, and 97.4%-100.0%, respectively. In general, acceptable results using
MC were found to be distributed between 1 GSD and 2 GSD.

Conclusions: The GC can be used as an alternative assessment criterion with
a more robust statistical rationale. While conventional MC struggles with
representing the central tendency of data, GC provide better visualization of
the central tendency.

(Lab Med Qual Assur 2022;44:48-54)
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2 A8t UCMH, 0|2 Qs HAMK 2H AR ZHHO|7F 30t 0] 2FE= 22 89| o Ao w2 EHyo| 22tet 27t A
= Ho| & LK UCHA4]. o|2{%t SHAHIE 255t1UXt College of K| QUCt. 2 ARZTIO|M = 0|23t SHAIE S5317| 2/5t0] CAPS
American Pathologists (CAP)OIME HHH SN H7tZAL 2 HHHEHA| ATIAA 23S MO R 2|RIZIS 7|FZ O ofX| ¢
ol EUTIE 2|t uniform procedureE MA[SHHIE QJOLE, 1, 7|5t (geometric mean, GM)2 7|ZCZ st 22
uniform procedure®| =IO 2 HHHEH| A7IHAC| HOIE  HI|FQ M8 7tsdE MAIE HE QUTHT]. GM2 Rt=22| F4lM
0l ™2 Ao ¥1pvt gli= AHo|CH5,6]. (central tendency)2 LIEILHE W & SILIZ, QEtH0l A=n
x| iR UM AANE 22 [HD| 0 M= 1901 2Kt YAHe ol HISH SEHXQI ghof| gaks 2 2= TE0| UL EoH H
H FIHEALO] ChHet R P2 E Allstn oM, 1 EHg7| 2Hgtof| ZHESHA| 238 FEozM AlMe £ = FHEo| /e
ZF2 datrol dhHAAL| YE|of o|H3st0] H|HIZt(mode)E O, AT Ao 215 HOE F[oHFH HUZOE Hehitdt £
1 titer O|LHY &2 ‘acceptable’® THAstD UCE fEostof Ui HFO| QUL GME AFSE hof] UME £ = HEORE
M HPHZFAAS| WIk= intended response2te] YK IR 2 T UUEMO| META N 20| XtEo| YREEE 7HYSE 24
CHSHH, intended response?| £|RIT+1 gradeZ 6104 0] 2fo]  ZEHO|2H= HO|CE M2t XtEo| EXIF HHEI0|AM 30|
80% O|2H0| == &2 80%7t & W7K| =M 2t S Y=t & HojLls 292 3 HE0| &X| 2 = ULCE 0[of| tisi M= gt
2 US FIRIEE 5t ATt 2Lt 0|28 7|E2 HARERe] ol MEHAe OREIHX|Ql MEto=z £ O H7} st X|
2T} 10 titer O| &40l 2K 2ESh= HAHFESA| A7t & HO[2t1D g =~ UCH OF] AMHAA0| GM JHE S 0|88t Al
A XILEX A A #HHO| Elch= ofo7t &S| HM7|=11 U = 72| gl AFOo[CH]. & AT = SYet 7|ES = 2
O, F|HIZto| 3= L2 M, E= T 171 7|2 Xto|2 Z|Higt SR I2|o MY = UEX| I 7154 S ERXIsiE X} otk
Table 1. Summary of 10 proficiency testing programs on anti-blood group antibody testing of the test methods utilized
Proficiency testing
Tests Methods 2016 2016 2017 2017 2018 2018 2019 2019 2020 2020
1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd
Anti-A titer Tube, AHG 18 18 16 17 17 17 20 20 21 21
Tube, AHG and DTT 6 5 5 5 5 4 5 5 5 5
Tube, RT 15 17 16 17 19 20 21 20 22 25
Tube, IS 41 42 42 42 41 37 39 38 38 35
CAT, AHG 21 24 25 25 27 28 30 32 33 35
CAT, AHG and DTT 4 5 6 6 5 4 4 4 5 5
CAT, RT 7 7 12 13 12 12 13 16 15 15
Others 2 2 1 1 1 1 1 1 1 1
Total 114 120 123 126 127 123 133 136 140 142
Anti-B titer Tube, AHG 18 18 16 17 17 17 20 20 21 21
Tube, AHG and DTT 6 5 5 5 5 4 5 5 5 5
Tube, RT 15 17 16 17 19 20 21 20 22 25
Tube, IS 41 42 42 42 41 37 39 38 38 35
CAT, AHG 21 24 25 25 27 28 30 32 33 35
CAT, AHG and DTT 4 5 6 6 5 4 4 4 5 5
CAT, RT 7 7 12 13 12 12 13 16 15 15
Others 2 2 1 1 1 1 1 1 1 1
Total 114 120 123 126 127 123 133 136 140 142

Abbreviations: AHG, anti-human globulin; DTT, dithiothreitol; RT, room temperature; IS, immediate spin technique; CAT, column
agglutination technique.
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Table 2. Comparison of mode and geometric mean criteria for anti-A

Mot 7|2 289 H|WE McNemar testS 0[&3t04 H| st
QICt SAEM2 MedCalc Statistical Software ver. 20.008
(MedCalc Software Ltd., Ostend, Belgium)2 0|83t0{ 3
SHRICE

A2t SOF = 10Xt YAHHEA| DIHAAL| CHE 22 H
C22|7t o| R0 CHTable 1).
142702 MA™MO 2 FII6H=

Acceptable (%)

Year Round Methods No.

Mode=1 titer GM=*1GSD GM=*2 GSD GM=*3 GSD
2016 1st Tube, IS 41 34 (82.9) 34 (82.9) 39(95.1) 40 (97.6)
2016 2nd Tube, IS 42 36 (85.7) 28 (66.7) 39(92.9) 42 (100.0)
2017 1st Tube, IS 42 40 (95.2) 22 (52.4) 40 (95.2) 42 (100.0)
2017 2nd Tube, IS 42 37(88.1) 34 (81.0) 40 (95.2) 42 (100.0)
2018 1st Tube, IS 41 40 (97.6) 40 (97.6) 40 (97.6) 41 (100.0)
2018 2nd Tube, IS 37 35 (94.6) 34 (91.9) 35 (94.6) 36 (97.3)
2019 1st CAT, AHG 30 30 (100.0) 16 (53.3) 28 (93.3) 30 (100)
2019 1st Tube, IS 39 35 (89.7) 29 (74.4) 38 (97.4) 38 (97.4)
2019 2nd CAT, AHG 32 32(100.0) 15 (46.9) 32 (100.0) 32(100.0)
2019 2nd Tube, IS 38 34 (89.5) 27 (71.1) 34 (89.5) 38 (100.0)
2020 1st Tube, IS 38 37(97.4) 35(92.1) 35(92.1) 38 (100.0)
2020 2nd CAT, AHG 35 35 (100.0) 24 (68.6) 35 (100.0) 35 (100.0)
2020 2nd Tube, IS 35 33(94.3) 31(88.6) 31 (88.6) 35(100.0)

The mode criteria reflect the current Korean proficiency-testing scheme. Bold indicates results with P<0.05 compared to the mode

criteria.

Abbreviations: GM, geometric mean; GSD, geometric standard deviation; IS, immediate spin technique; CAT, column agglutination
technique; AHG, anti-human globulin.

50

Lab Med Qual Assur 2022,44:48-54

www.jlmga.org



Laboratory Medicine and

John Jeongseok Yang et al - Geometric Mean for Anti-Blood Group Proficiency Testing

Quality Assurance

LMAaA

2 &47t L2 Z2E Mot £ anti-A0lM 139], anti-BOIM - T1Ek
143] E™ 2| 2ot ZAUS SFSH= AO=E THAR0f A
7Ol S| AL QEMT s YMAAROAM 2t ot ZIch X248
Ztztel Zxtof| chsto] A|BIZE 7|ECR SIS o ME7| o 2% 9 XS "It S2 0|1R7| 271250l o4
2220 GME 7|ZE0= SIS I 222 Table 2 (anti-A)et  O|CL QB E 22| Zuto| SHIZ siA S e EAX 7|
Table 3 (anti-B)ol| Z+2F LIEFLHRACE. £|RIZE+1 titerS 7|1FQ2 50| JHUE[{RtOL} LHELO| giH2 AArAD| HE
SIS ol EHES 82.9%-100.0% (anti-A), 76.2%-100%  dt7| et WHOZ, HH L= dhyaFy ot ™2 orEl
(anti-B) &==0|QICt. GM£1 GSD, 2 GSD, 3GSDE 7|ZL2 8t £ ZA|XOZ EUE J|HE XMEd17| o 2to|Ct. Clinical
2 miofl= anti-AQ| B HE2 46.9%-97.6%, 88.6%-100.0%,  Laboratory Standards Institute0i| A 22t ez A
97.3%-100.0%%F M, anti-B2| EHE2 22} 44.7%-90.6% 1t sHAMS 2Tt 70| ==tQI0AM = HAM /2P =EA AL CHot i A
(GM=*1 GSD), 90.6%-100.0% (GM=%2 GSD), 97.4%-100.0%  Of CHa{ A= SE238t 740| =5 F10 UK 23t Ho|CH9]
(GM+3 GSD) £Z=0|Ct. MEMOZ %|HIZt+1 titere| EHAS HEEZEAALO A ARHA QI MEFHA| M ESt= SAA 7|HE
2 GM=*1 GSDe| &AET GME2 GSD2| SHAE Ato[o]l ®/X]  HESI7| O{HR2 O] & oLtz hgRl thAldE XS Fay
St A= metE( UL ZAIE 74X QUL H7] 07| 20|t CHEXQ! B2k
Tables 2, 30{| LIE} 2= anti-A, anti-BOf| CHet ZTHE 2 ARl QAIRIX|S AHASl A2 HEH AHA b H| st EHE
off &2tgl0] oA = ESHOR TSI ALBHE RIS , 2| 2 mf 2 CHAIEE 7tH0| Ol R S AI5HH FX[= F2tE BoF &
BIgtE1 titere| BAES 92.5% (921/1,017)20, GME 7|  Het HE™ HAIE =0 AUCtn 27| ofFCH10,11]. 2Lt HH
§9§ S92 mo| S HES 69.9% (711/1,017, GM+1 GSD),  HEH| H7tAA= CIE HHEZFAAIRLE CIEH| ZF ChAld 7t
4% (970/1,017, GM£2 GSD), 99.4% (1,011/1,017, GME3 O] LNt MH 2|, & ti+E == EZ0| ACH12]. 0| 0]
GSD)E Al AE|ACE 8510 & HARTI0|M = CAP 2[R F =22 ZuHE 0|83%1¢ GM,
Table 3. Comparison of mode and geometric mean criteria for anti-B
Acceptable (%)
Year Round Methods No.
Mode=x1 titer GM=*1GSD GM=*2 GSD GM=*3 GSD
2016 1st Tube, IS 41 34 (82.9) 30(73.2) 39 (95.1) 40 (97.6)
2016 2nd Tube, IS 42 34 (81.0) 26 (61.9) 40 (95.2) 42 (100.0)
2017 1st Tube, IS 42 41(97.6) 24 (57.1) 41 (97.6) 42 (100.0)
2017 2nd Tube, IS 42 32 (76.2) 29 (69.0) 39(92.9) 41 (97.6)
2018 1st Tube, IS 41 40 (97.6) 34 (82.9) 40 (97.6) 41 (100.0)
2018 2nd Tube, IS 37 36 (97.3) 22 (59.5) 36 (97.3) 7 (100.0)
2019 1st CAT AHG 30 29 (96.7) 24 (80.0) 30 (100.0) 0(100.0)
2019 1st Tube, IS 39 33 (84.6) 33 (84.6) 37 (94.9) 8 (97.4)
2019 2nd CAT AHG 32 31 (96.9) 29 (90.6) 29 (90.6) 2 (100.0)
2019 2nd Tube, IS 38 35(92.1) 17 (44.7) 5(92.1) 38 (100.0)
2020 1st CAT AHG 33 33(100.0) 17 (51.5) 3(100.0) 3(100.0)
2020 1st Tube, IS 38 37(97.4) 22 (57.9) 7(97.4) 8 (100.0)
2020 2nd CAT AHG 35 34(97.1) 18 (51.4) 4 (97.1) 5(100.0)
2020 2nd Tube, IS 35 34 (97.1) 17 (48.6) 4 (97.1) 5(100.0)

The mode criteria reflect the current Korean proficiency-testing scheme. Bold indicates results with P<0.05 compared to the mode

criteria.

Abbreviations: GM, geometric mean; GSD, geometric standard deviation; IS, immediate spin technique; CAT, column agglutination

technique; AHG, anti-human globulin.
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Fig. 1. Two examples of inadequate representation of data when applying mode criteria. Bottom arrow (Mode) indicate the range of
acceptability using mode criteria. Upper three arrows (GSD) indicate the range when applying geometric standard deviation (GSD) criteria.
In both examples, inadequate representation of the data distribution resulted in the exclusion of eligible responses of their acceptability.
(A) An example of skewed distribution where mode cannot represent the central tendency while GSD demonstrates the central tendency
of the data set. (B) An example where mode value is determined by the difference of just one participant. The use of GSD criteria correctly

represents the range where most responses are included.
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