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Test turnaround Time for Complete Blood Cell Count
using Delta and Panic Value Checks and the Q-flag Limit

Bon—Kyung Koo', Kwang—Hyun Ryu', Dae—Jin Lim', Young—Kuk Cho®, and Hee—Jin Kim'

Department of Laboratory Medicine, Samsung Medical Center, Seoul 135-710, Korea'

Department of Clinical Laboratory Science, Seoyeong College, Gwangju 500-742, Korea’

Test turnaround time (TAT) is the lead time from reception to reporting. In the complete blood cell count
(CBC), 4 units of the XE—2100 (Sysmex Corp., Japan) processed around 80% of quantity, 1 unit of the
LH—780 (Beckman—Coulter Incorp,, USA) processed around 10% and 1 unit of ADVIA—2120 (Siemens
AG, Munich, Germany) processed around 10%, We analyzed the change in the TAT for the CBC for over
7 years, from January of 2005 to December of 2011, The delta check made alterations of delta to WBC,
hemoglobin, hematocrit, platelet and metamyelocyte, however, did not made them to band neutrophil,

eosinophil, basophil and monocyte. The panic value check made alterations of panic value to hemoglo-
bin, hematocrit, platelet and monocyte. In the criteria of currently slide review, LH-780 and ADVI—-2120
analyzers prepared suspect flags of “Blast, Imm NE2, Immature granulocyte, Imm NE1, Left shift, Variant
lymphocyte, Atypical lymphocyte, Platelet clumps and NRBC”, The New slide review in the XE—2100
analyzer altered the preparations of a smear slide more than a “Platelet clumps flag(>200 unit), a single

flag excluding the “Platelet clumps flag (=250 unit) and a multiple flag (>200 unit)”,

Also, below the

240 unit, medical technologists prepared manual slides selectively according to their evaluations, The

automatic reporting rate was 33.4% without alterations, whereas it was 41,0% without alterations, and

was thus improved by 7.6%. The slide review rate was 15.2% before using the Q—flag limit, whereas it
was 12.1% for a reduce 3.1%, TAT was 45 minutes without the creation alterations of the delta and panic
value checks, whereas it was 35 minutes after making alterations of the delta and panic value checks and

thus was shortened by 10 minutes. We came to the conclusion that the establishment and operation of

delta and panic value checks and slide review criteria suitable for laboratory environment can reduce

unnecessary smear slides, re—checking, re—sampling, re—testing, telephone inquiries and concentrated

workloads during specific times of the day.,
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W3}x] 9 A% M (delta and panic value checks)&
AHAE o] g8t F-219] @ ZH(random error), AR+ 2.2}
AL SR oA Be Ausel 24
o3be] Rlelstelst AAE F 9348 FAERE A
#e)e] F32¢l T2 ao|th(Lindberg, 1967; Ladenson,
1975). B 238 A3 2AF S sl W A @
A Aohe A% 27 wnske AA P8 B,
ARSI, Bkl E08 ool 2 7w 2
e Tl E oI Sl

XE—2100 (Sysmex Corp., Kobe, Japan), LH-780 (Beck-
man—Coulter Incorp., Brea, USA), ADVIA—2120 (Siemens
AG, Munich, Germany) AR5 7]dxE &= BG4t
W] E4), BAREH, RNHETE R 2
< suspect flags X .51 XE—2100 (Sysmex Corp.)2] 7

F7FH o2 A|FskaL At suspect flag

(clerical error), %

13"1

Apte) 2]

2 Q—flag limitE
o] =R E A7 7] (flagging criteria of manual slide re-
view)& “Blast, NE Blast, LY Blast, MO Blast, LUC, Imma-
ture granulocyte, Imm NE2, Left shift, Imm NE1, Atypical
lymphocyte, Variant lymphocyte, Abnormal lymphocyte/
Lymphoid blast, NRBCS] flag™7} 9lom &n|4 eloz
NG ZHEAL AAE B arstolof gt}
AAF2= @ A7 (test turnaround time: TAT)-S AR 7} AL
Aol =84 fFagh AArEI dgE wzbx]o] Azt
o7 7 &4 7Fs3ta, 9 #eE A7 Hrequest complete
time: RCT) AL =lollA] A7}t ddejrtollA]l <
uj7bA o] AIREO R AR QARMEY S 715015}(5‘_
ghe], 1997). AAREQARES: IATEE | 7]ofehs
JUEFAA L, -"/]4‘371%*1“&3@7}
A, 57| EASA =, 74| 2] 524333 (international
society for quality in health care; 1SQua) 915, A2 &

g A AREA

7138 3711 943] (joint commission international: JCI) 15
ekl AL ets] HAMAIS, ml=H 2]8tE] (college of
american pathologists: CAP) ZAAFA 215 S A ZF3}7 |+
(international standardization organization; ISO) 15189 <1
9| AAtaHE A H7ekaL Qi
AESDIDAL, B A A
o] 2 QA7F Wste] ek B} IAth(Pelegri &, 1996;

ECECER

5, 1996; ©] &, 2004; ©] 5, 2000).
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panic value checks) 7]5& dX WAL, 7|&] =
HEE A7 (manual slide review) 7|50l Q—flag limitE A<
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ofsha} AR dvtdAHA} o= Ak AAE
o2 skitk(Table 1).
Table 1. Request number of CBC
Year Request number
2005 552,218
2006 574,905
2007 591,987
2008 744,468
2009 829,722
2010 849,555
2011 883,287

* Open the cancer center in January 2008
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ZAP 17|

QA AN AFRTRAT] XE-2100 46} (Sysmex
Corp.)7} 75% A%, LH-780 1th(Beckman—Coulter In-
corp.)7} 15% A, ADVIA—2120 1tH(Siemens AG)7} 15%
AFAN AFERS AT Yok XE-2100 (Sysmex
Corp.) AFsETE4719] AAAEE=E ARME 150712
2 AAE 24x7F 2o HH Wid el PP E AL
glo| A3 FAZEAR, gt davres A7IAY
W, @AAE FAREE 44 FEEoR SAE
t}. LH-780(Beckman—Coulter Incorp,) AFsd52]7]
oA ﬂlﬂﬂli_‘i—t— ARYF 10w HAY 3327 &8

we) WETR, U7, denst A, 2

ST AR 120708 AAF 30271 AQFHH NET
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5, 48T, BaBGE dol A% FAEEA, B
=
L.

ke AE o188 dolAT FATRAY o= Sk
SP—1000i (Sysmex Corp.)9} MIDAS—3 (EMD Chemicals
Incorp., Gibbstown, USA) AFEFE AN 7)== 27} A =38k
wright—giemsa 921 AFE3FQITH xEY =UgRo
BX—40 (Olympus Corp., Tokyo, Japan) @1|7 2 4008)
(F.N, 22, Plan 40x)ollx] &I A RS A} Sict,

3. Atz M&

A5 AES A EA|2E o] st=9o] F/4]] HP
SUPERDOME (Hewlett—Packard Co., Palo Alto, USA) A|2~
d& SHoE AW HFEE o] FaL Jlon FAlolE
. (optical cable backbone), 7]7H]| E o]t]Yl(gigabit ether-
net) @ YEQA A% T2 EZ(TCP/IP: transmission con-
trol protocol/internet protocol)0] FHO 2 FAILS o] F

ot AFs @77 oM e ApSas RS-232C W
How AULES o|getel Al HEEH TEE
A& (interface) Z2 0] 255 A 284 (local area
network: LAN)-Z §-3ll A/ 21578 of] A=},

B /\1 % WA B A 2H] (hospital information sys-
tem: HIS)2l SMIS (Samsung medical information system:
sMIs)ell AA=] gl WAL} HAMIH HA|2F]
(laboratory information system: LIS) W] o] F=F A|F T2
& o]-83to] AT

AEITEN] o5 ANAAZALY] ABHIGE
WL HAA A7F 25 H0 2 Wy
o AFE RNV AsE A ELpZ Rk

2] G AR o) o] GloH AFs s Ayl sty
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Table 2. Criteria for exclusion of automatic reporting

Exclusion Parameter

Blast, NE Blast, LY Blast, MO Blast, LUC,
Immature granulocyte, Imm NE2,
Left shift, Imm NE1,

Atypical lymphocyte, Variant lymphocyte,

Suspect flag

Abnormal lymphocyte/Lymphoid blast,
Platelet clumps, NRBC

Clinical information Department of hemato—oncology

Department of pediatrics

2009 119 1del] WskA] 8l AaA] fA7|ES 4R
HAdste] Eagskal vk WskA| e B9 WdT = 45%0
Al 50%, AT 20000014 30%, SIPFE I E 2000004
3000, AL 40%NA] 50%, FEFTE 20%A 100%

% 7] E&ako] A E = s, 2t

T= WA E A-88kA St darx| e 4
L dAArE 7 g/dLolA 8 g/dL, |RIEAZEE 21%004
25%, FAFL 50x103/uLolA] 100x103/uL, T 20%01
A 12% 7338k tH(Table 3).
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Table 3. Criteria of delta and panic value checks

Parameter’ Delta’ Panic value
Lower Upper

WBC(cells X10%/uL) 45% = 500" 2 20
RBC(cells X100°/uL) N/A 2.00 8.00
Hemoglobin(g/dL) 20% = 30%* 7= 8" 18
Hematocrit(%) 20% = 30%* 21 = 25* 55
MCV(fL) N/A 70 120
MCH(pg) N/A 23 36
MCHC(g/dL) N/A 30 37
RDW (%) N/A 10 20
Platelet(cells X107/, L) 40% = 50%* 50 = 100* 700
PDW (%) N/A 8 18
Blast(%) 20% 0 1
Promyelocyte(%) 20% 0 1
Myelocyte(%) 20% 0 1
Metamyelocyte(%) 20% = 100%* 0 3
Band neutrophil (%) 67 200%, 6| 400% = N/A* 0 6
Segmented neutrophil (%) 30% = 50% 30 85
Eosinophil (%) 671 100%, 6 | 200% = N/A* 0 10
Basophil(%) 27 200%, 2 | 400% = N/A* 0 3
Lymphocyte(%) 50% 50
Monocyte(%) 107 100%, 10 | 160% = N/A* 10 20 = 12*
Atypical lymphocyte(%) 100% 0 3
Immature cell(%) 20% 0 1
Plasma cell(%) 20% 0 1
NRBC(/100WBC) 50% 0 1

Abbreviation: WBC, white blood cell; RBC, red blood cell; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin,

MCHC, mean corpuscular hemoglobin concentration; RDW, red cell distribution width; PDW, platelet distribution width; NRBC, nucle-

ated red blood cell,

* Alternation of delta and panic value checks in November 1st 2009

" Delta percentage difference: {(current result — past result) = past result}

" N/A: not applicable
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o] A9 suspect flage} TlEo] Q—flag limitE A &-3f=d]
Q-—flag limiti= 10 unit Z+E 2.2 0~300 unit7}A| E &=
olo] W2 (Fig. 1)o|t}, E-1-&“Blast, Immature granulocyte,
Atypical lymphocyte, Abnormal lymphocyte/Lymphoid
blast, Platelet clumps, NRBC9] flagZ7} Y} 2™ 1 A|2}"35}
A AL 2000 119 199l Q—flag limitE AAFAAHHA| 2
g o 7 AL (Fig. 2)3HHA] “Platelet clumps flage= 200 unit
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Table 4. Criteria of manual slide review by automated
blood cell analyzer

Parameter Limit
WBC(cells X10%/uL) <2.0, >30.0
Hb(g/dL) <7.0
Platelet(cells X107/, L) <70, >800
Neutrophil (%) 295
Eosinophil (%) >15
Basophil(%) >5
Lymphocyte(%) >60
Monocyte(%) >15

o] (Fig. 3), Platelet clumps flagE A 2]+ = flage 250
2, ol F79 B flags 200 unit o] oA BE
AZsli= Aoz HAsIY. oM B8k 240 unit o]3H= AL
2po] ekl wheh 418, A7 |3E, 443, B % (histo-
gram), AFE L (scattergram), 823} A, AW, &
AE7\MEe Faste] AMAoR BES AR
A}, LH—780 (Beckman—Coulter Incorp.) 7171+ “NE
Blast, LY Blast, LY Blast, Imm NE2, Imm NE1, Variant lym-
phocyte, Platelet clumps, NRBCY] flagollx] EE #2735}
33l ADVIA—2120 (Siemens AG) 7]7]= “Blast, LUC (large

unit ©]

unstained cell), Immutare granulocyte, Left shift, Atypical lym-
phocyte, Platelet clumps, NRBCE] flagoll 4] F2 #|2F3Fic},

POSITIVE
(Red)
300 Border between
POSITIVE and
NEGATIVE
100 f------- Z.T
0 \\
NEGATIVE
(Green)

Fig. 1. Threshold of Q—flag limit,

Table 5. Flagging criteria of manual slide review by au—
tomated blood cell analyzer

Instrument Parameter

XE—-2100 Blast
= Blast(single flag >250,
multiple flag >200, selectively <240 unit)*
Immature granulocyte
= Immature granulocyte(single flag >250,
multiple flag >200 unit, selectively <240 unit)*
Atypical lymphocyte
= Atypical lymphocyte(single flag =250,
multiple flag =200 unit, selectively <240 unit)*
Abnormal lymphocyte/Lymphoid blast
= Abnormal lymphocyte/Lymphoid blast (single
flag >250, multiple flag >200 unit, selectively
<240 unit)*
Platelet clumps
= Platelet clumps(single flag >200,
multiple flag =200 unit, selectively <190 unit)*

NRBC

= NRBC(single flag >250,

multiple flag >200 unit, selectively <240 unit)*
LH—-780 NE Blast, LY Blat, MO Blast, Imm NE2, Imm NE1,
Varinat lymphocyte, Platelet clumps, NRBC
ADVIA—2120 Blast, LUC, Immature granulocyte, Left shift,

Atypical lymphocyte, Platelet clumps, NRBC

RS IRARA DAL

* Alternation of slide review criteria in November 1st 2009
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Monocyte 8.0 9 10 ? E 20120304
dtypical L... 0 1] 1 i E  2012-03-04
Immature call 0 0 0 0 E 2012-03-04
Plasma cell 0 0 0 0 E 2012-03-04
Nucleated RBC 0 3 5 3 E  2012-03-04
L] > | e 15.53 15.84 17.94 18.64 E  2012-03-04
v _CEC,DIFF ABNORIAL s N6 9.9 129 7R E 22040
C/0 | ABNORMAL ZAZE | AN
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Fig. 2. Interface for Q—flag limit,
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Fig. 3. Histogram of Q—flag limit,
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2 &

1. XAIsEngo| #st

AFFATRA 7)) ok AFFRIEL 20059 39.0%,
2006\ 34.4%, 2007 34.9%, 2008'A 29.1%, 2009%d 29.9%,
2010 40.8%, 2011 41.3%°]ct. HAIE 719 & 2005
WRE 200792 36.1%, SATE 719 & 2008WHE 2010
de 29 5000]9on M3tz 2 Amx] A7) A ¥
78 A 200595 200992 33.4%0] AL, M7 - 2010
BE 201192 41.0%24 7.6%7} FF = THTable 6).

Table 6. Automatic reporting rate by automated blood
cell analyzer

Year Automatic reporting rate
2005 39.0%
2006 34.4%
2007 34.9%
2008 29.1%
2009 29.9%
2010 40.8%
2011 41.3%
2005—2007 36.1%
2008—2009* 29.5%
2010-2011" 41.0%

2005—2009 vs 2010—2011 improved 7.6%

* Open the cancer center in January 2008 (The Samsung medical
center laboratory consists of a seoul hosital and a cancer center.,)
" Alternation of delta and panic value checks in November 1st 2009

2 EEE IHE9 s}

Anl Rl ofst WidyghdALte] =ERE AA
&2 2005 15.4%, 200613 14.2%, 2007 14.3%, 2008
15.8%, 2009%d 16.4%, 201083 12.6%, 20113 11.6%°]3ic}
obAlE 71 A 2005dKE 20073 14.6%, SHAE 71
B 2008 HE] 20109 16, 1%0| o, 2 E A7 7]
o] AR WA A 200535 20099 15.2%0|Q 3L, H
73 & 201095 20113 12.1%2A4] 3.1%7} ZFA23 ok
(Table 7).

Table 7. Slide review rate of WBC differential count by
microscopic examination

Year Slide review rate
2005 15.4%
2006 14.2%
2007 14.3%
2008 15.8%
2009 16.4%
2010 12.6%
2011 11.6%
2005—2007 14.6%
2008—2009* 16.1%
2010—-2011" 12.1%

2005—2009 vs 2010—2011 reduce 3.1%

* Open the cancer center in January 2008 (The Samsung medical
center laboratory consists of a seoul hosital and a cancer center,)
" Alternation of slide review criteria in November 1st 2009

Fol Aol A QAIZRS 20054 50%, 20061 494,
0%, 2009 404, 201043 363, 2011
MY A 200595E] 2007 3L 495
A ;‘i 2008%31?—151 20103 40%-, W3l 9 A

1 7“”71%4 SURE AA7IEe] I WA A 200595
B 200941 3, W7 3 201095 20113 35

=5 tHTable 8).
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3l 9,113]-(Bames =, 2003).

X 71 1956390 A< el ar, 19601t
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Table 8. Turnaround time of CBC

Year Turnaround time
2005 50 minutes
2006 49 minutes
2007 49 minutes
2008 40 minutes
2009 40 minutes
2010 36 minutes
2011 34 minutes
2005—2007 49 minutes
2008—2009* 40 minutes
2010—2011" 35 minutes

2005—2009 vs 2010—2011 shortened 10 minutes

* Open the cancer center in January 2008 (The Samsung medical
center laboratory consists of a seoul hosital and a cancer center,)
" Alternation of delta check, panic value check and slide review

criteria in November 1st 2009
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