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Clinical factors predicting decrease in hemoglobin levels during
preoperative autologous blood donation by patients undergoing major

orthopedic surgery

Yumi WATANABE*, Atsushi ITO*, Hiroshi ITO**, Satoshi Fuji* ***

* Medical Laboratory and Blood Center
Asahikawa Medical University Hospital
** Orthopaedic Surgery

*** Department of Laboratory Medicine
Asahikawa Medical University
Asahikawa 078-8510, Japan

Objective: To identify patients whose hemoglobin (Hb) levels can decrease after autologous blood donation
may contribute to effective and safe autologous blood transfusion. In this study we aimed to determine the
correlations of baseline laboratory markers before autologous blood donation with decrease of Hb levels after
first blood drawing. Material and Methods: Patients undergoing major orthopedic surgery consisting of 35
males and 111 females were enrolled. Hb change was defined as the decrease or differences of Hb from first
400 ml blood drawing. Laboratory data were obtained in the hospital laboratory. Data were analyzed using
Steel-Dwass multiple tests and Wilcoxon rank sum test (Mann-Whitney U test). Results: Body height, body
weight and body mass index (BMI) had no correlations with Hb change. Gender showed no significant correla-
tion to change of Hb. Higher levels of baseline red blood cells (RBC), Hb, hematocrit (Ht) correlated with
lower Hb levels after donation. Higher levels of RBC and Ht exhibited lower Hb recovery rate. Reticulocyte
(Ret) levels before blood donatiuon negatively correlated with Hb change. Ret levels before blood donation
positively correlated with Hb recovery amount and Hb recovery rate. In contrast, serum iron, unsaturated iron
binding capacity, total iron binding capacity, ferritin, estimated glomerular filtration rate, and non-transferrin
binding iron levels had no correlations with Hb change, Hb recovery amount and Hb recovery rate. Conclu-
sion: The results suggested that Ret can be used as a predictor for estimating Hb levels of donors after blood
donation. Donors with higher Hb and Ht would have greater decrease of Hb than donors with lower Hb and
Ht.
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&

Friin =t B O L3RR O - BRPRIEFEN 2 &
PHE % [A1#E 3 2 FB & U CRAEIFERI TIA IFH S
TBY, BEEFEHED [MEEAOFEHiES] 12w Th
[FIAE IR I 4 B85 5 A e LTSRS Tws [1].

H A T - F5 4 50 s i 25 4% o By 1fn =X B O if 92
fafast (2020) [2] (DAF, HCOIMEMySiEs) 1213,
[~NEZ 0¥t (hemoglobin, Hb) 1H11.0 g/dlLL E % JEHI
&35 0 1 ERIE o _ERRIZ400 ml & $ 5 J[EES0 kgbl
T OBFIZ400 mlx BEHAEKE/50 kg 2% &3 5 [ #HEER
Mmoo 1AM 580, &O8#100-200 mg % %53
L ZEDPHRINTWD, 2T A THNERFKER
PETIE, & D& H % FEfEd % 72912 [800 ml
DR PEORBEIIIAELHIIG LT ) 2R
T BF ARGS9 5 TR (complete blood
count, CBC), IMi&E#k (serum iron, Fe), MiE~7 =1 F
(ferritin, FER) Z#MAr4 4 ] & LIFMEW % 72 CTTw»
4. LA»L, 10RH®OEMmRZR, KA ORERIZHbA
PIEIZETT L TR Y B2 o ) IS L v EFH v
5. FIfZOHVE T &CHb &I AEDSH ), B
LS HFEL W0, EM2THIIRETSH 5.

72, HOME S SFEe Tl TR A7 i BRI 2
W] EENTwD, Lo LEE ORFIIS T 2 ANEH
5, JJNERFRFHRE Tl EEE (=76i%) © Bk
1300 mIPLF2EHIE LCBY), 1HFmMEZRS L
ToANRIFIMEEANE 2 CL & ) BEDP V5. FFMZ T
UL ICHDEAME T 9 % BE &2 312 e T & U,
KA THREE W 7% H IR IMELE D FERIZ D2 A3 5.

RO HMIE, BEABEOBE D0, FFikoOHb
KM ELHbREE O PR OHF 2 S22 2
LETH 5.

i

MR EHE
x5 1£20164F 3 H ~20194F 8 H I UM % <7
L, FEARMA - #iinEs 400 mlH Cuin iy il % 556 L 72 B
1462 CT& % (Table 1).
1 18] H H7 I G ER LS OB AR & K 0] SR B ey 0 $R- I 14 % i
W, BHEEMET— 5 L HbOZILE - HEE - [WERO
BIfR 7z Fi 7z, HhZAL D KRR AT o ) i L7z,

HbZ b (g/d]) = BF M ETHb (g/dl) — Wl ke Hb (g/
dD) (1)
FHEHbE T & (g/dl) = Byl (dl) x BFiATHb (g/dl) /°F
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BPEBR MR (dl) (2)
TRl % Hb (g/dl) = BFIflaTHb (g/dl) — FAEHbIR T =
(g/dl) (3)
Hblal {5 (g/dl) = klal kB Hb (g/dl) — -l I # Hb
(g/dl) (4)
HblI#E=E (g/dl/ H) = Hblal{E & (g/dl) /Hritk HE  (5)

PEER M & (circulating blood volume, CBV) (¥ Nadler
o [3] ZHVEHLZ.

S PEBRILEE (L) =0. 3669 X & & (m)° +0.03219 X 14

# (kg) +0.6041 (6)
M PEBR ML E (L) =0. 3561 X &% (m)° +0.03308 x 14
 (kg) +0.1833 (7)

ARIMEREL (red blood cell, RBC), Hb, "~ k271U v &
(hematocrit, Ht), F¥HRIMEKEFE (mean corpuscular
volume, MCV), Fe, Afafl1gkiE e (unsaturated iron
binding capacity, UIBC), ##:#E A HE (total iron binding
capacity, TIBC), FER, 7 L 7 J = » (creatinine,
CRE), B REKIKJE#®E (estimated glomerular filtra-
tion rate, eGFR), 3+ T 27 =V Y &i&# (non-
transferrin binding iron, NTBI) ®FFI1EHE IZOW T, 1
] H By g B 2 fE & [HbZe b ][ Hblnl 5 & [ Hb {5
] EoOMBERAR BEBAEOHEIZIE, XN-3000/
3100 (Sysmex Corporation) # & NLABOSPECT 008 .
(HirnNA 77, /) #HWz. F/2, bR % KIEE B
RFHbSEFIMATHD & B LR LT 28 (HfRTHE) &
Zn LAt (HbIEETHE), RIRRBEREHb 23 7 81 i 1f £ Hb
LB LEWEE (HblfER) &2t (HbIERER)
253, BRMARTEHE 0 2 BER O 2 % AT L 7.

FAT S ALIR |21 Steel- Dwass D £ E 5, Wilcoxon

Table 1. Characteristics of patients who donated 400 ml blood

Range (Median)

Age (years) 18-79 (57)
Height (cm) 135.2-186.2 (156.5)
Weight (kg) 30.6-1100 (615)
BMI (kg/m? 143-450 (25.2)
CBV (ml) 26066080 (3564)
Day 7-31 (18)

Female: 111, Male: 35, BMI: body mass index, CBV: circulating blood
volume.
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Fig. 1 The relationship between age and Hb recovery rate (g/dl/
day). There was no significant difference in Hb recovery rate among
the 4 age groups (<50, =50 and <65, young-old = 65 and <75, old-
old = 75).

JERAIMRE (> - &4 v F=—0UKE) v, HE
KHEER5% & L7z, ARWUFZEIB)IER RS MR E &
DAEREGTEBL 72 K& 715170-2). WigEO B,
S8 L OMEOEENE, EAEOMRR, 77 &8
B WHERCRO R, PR IC DWW TR
L ECHEES.

#w R

B, K&, Body Mass Index (BMI), 5 X 2Hb
Z2Mbs, HbllEE, BEHEROZEIALNLRP 7.

v R OfERT TIE, 50 A (n=39), 50%2L 165
A (n=50), HIE#E Td 565mIL L7565 AN (n
=45), HMEEE & 2 275D RS0 K (n=12) @
4 FEMIT, [HbEESR] ICFEEEIR SN 2o/ (Fig
D). &RoBERD (R, I, mIER4E) 344
(022, 003, —-013), (012, 004, —008), (0.14, 002,
-0.10), (010, 001, —0.04) THo7. L EOFER
HICBWTYH, ZLESChERE, BIESIIMEEE L £
E o725 01 g/dll LD K& R EEFEER$HIH A
SN ro 7z [HbZ bE JTHbHfE=E] I2oWw T A EE
& BN %A - 72 (data not shown).

i A 2> Sk kR EF TOHKEA27-14H (n=
47), 15-21H (n=71), 22-31H (n=28) ® 3 #HMH T,
[HbllfE&E | ICHEEEASN R -7 (Fig 2). &HO
EE O (RAfE, P, H&IE4HE) 344 (259, 041,
-061), (219, 056, —055), (259, 045, —261) T
oz, THOZEALE THbEIESR] 2o T AEEER
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Fig. 2 The relationship between the days since the first autologous
blood donation (400 ml) and Hb recovery amount (g/dl). The patients
were divided into 3 groups based on the days since the first blood
donation to the 2nd Hb measurement. There was no significant dif-
ference in Hb recovery amount among the 3 groups (7—14 days
since the first blood donation, 1521 days since the first blood dona-
tion, 22—31 days since the first blood donation).

572> 72 (data not shown).

FAATEH & HbZ b, HbR{EE - HbR{EE ORI
2 Cld, RBC, Ht& [HbEIEZ] 12OV TO ARG
B72s& 57z (Table 2) 75, ZOMIEHRICHBIIE RS
N7Zn-72. RBC, Hb, HtAEWIT EHFIHZ OHbAME T
T A S N, BHRIEDOIEIE TdH 5eGFRECRED
(A, Pyefi, SRfRfE) 1344 (1556, 89.2, 321),
(127, 057, 034) TH Y, eGFRE0AK D EH 9 Hld 9

Table 2. Correlations of laboratory parameters and Hb recovery rate

R r

RBC y=—0.0189x+0.1177 0.0427 0.207
Hb y=—0.0059x+0.1128 0.0344 0.185
Ht y=—0.0024x+0.1286 0.0404 0.201
MCV y=0.0011x-0.0673 0.0087 0.093
Fe y=—0.0002x+0.0501 0.0193 0.139
UIBC y=0.0001x+0.0075 0.0126 0.112
TIBC y=3E-05x+0.0222 0.001 0.032
FER y=—7E—05x+0.04 0.0261 0.162
CRE y=-0.0334x+0.0524 0.019 0.138
eGFR y=0.0004x—0.0006 0.0386 0.196
NTBI y=0.005x+0.0299 0.0002 0.014
Ret y=0.0032x—-0.0244 0.0497 0.223
Ret-HE y=0.0016x—-0.0319 0.0104 0.102

—
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Table 3. Characteristics of patients who were subjected to Ret and
Ret-HE analysis

Range (Median)

Age (years) 24-79 (64)
Height (cm) 145.1-1785 (1555)
Weight (kg) 449-108.0 (65.4)
BMI (kg/m?’) 183-450 (265)
CBV (ml) 2804-5858 (3702)
Day 10-31 (18)

Female: 47, Male: 8, BMI: body mass index, CBV: circulating blood
volume.

LREEN YA T A 572D 1 HIOATH > 7.

BIBE & LT, RIMEREA ORI T H 5 MR mEk
(Ret), #ARIMERNEZ OV %R (RetHE) & [HbA
fb& JTHbRI#E & J[HbEIE | (25w T L7z (Table
3). AEH, Ret& [HbRIESE]| ICEOMB AL N
(Table 2). [F#EICRet: [HbEER ] (ZIZIEDMHED,
Ret& [HbZALE | IZIZBEOMHEA A S N7z (data not
shown).

Hbf T # & HbIEIL T # o [k <1k, RBC, Hb, Ht,
Fe® 4 HH TOAEEAENA LN, ZOMIEH TldBh
Bt DORet, RetHEZ GO THEETIA LN o 72
(Table 4, Table 5A). Hblal{E# & HbIE R O Lk T
LIBIRF ORet CHEZED A S N27S, FOMIEH Tk
HEZIASN -7z (Table 5B).

z =
EhiHTE < 7% 513 LW AHFILRIZHb11.0 g/dl% Tl %
HEPELE V)G [4] ®, 80U EoFERE TIIE
MEFEDNS CASRD LV 5] bbsb. Tt
W, JEFEH % 37 C B BRI e & B R A S L7
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D, BEMEEROICEET LI ERHo7z Larl, K
W7 TIEHDIR T &L Hb R & I F I L 2 2 XA b N7
Hoiz. 10 g/dibh O KIEZRHb I % 3 % &1L 767% L
FOEERETIZVRVEINICH > 72 b DD, MOFiEkE &
i L st & TR IR BEREHDAME T LT % & v o 7218
MEA SN o7z,

ElEOLAIXL LD M= EEICRELTED,
FEEAZ LB B 5200 ml, 300 mIFIILESE O EiE o H
AiEEv. L L, 200 ml, 300 mlfFIAEE 2 xf Ri2 L7z
RO CHERICL2AEZIR SN TRV, &l
B OREZA00 mlF A AR 2 et O L W BB DAL T 5
CTELBASNA, KE, EBRIEE, BFMETHb % %
BECILER L7245, AEEEALN TR, 72, 40
DOWFZEIA 112400 miffFIi % FEHiC & 37200 ml, 300 mlfy
MIZ7% - 7275 U EOBFIE 3% ELR L, Wiy iF
HIHDbAS120LLF & L <13 E & Lo Fifinfg T b AR 12
400 mIEAh & 22 B RO BETH - 7. BilE O E
HinZ B2 HMETH, ZOHEMIIERE O MG HT O
HbEAMRNEIANZ & 2 0, RRE, EfREORFEL
LTw3 [6][7]. #7200 28EICFMERH/0, 1
MEFIE 2 W5 T UEE R WEEZ NS, 72771, Yk
TIE80m L E D B 1213400 mIfiF 2 L THE 59, 4
E O T — 7 I2EEN TRV LI ELPLETDH
5.

FRIMMIFE b B MFTE 237 C5 L CEETH L. AifseT
X, 7T-4HOBERELT, 5HUBOEETES L5
HbFfEIZA SN Aoz, /2, SRIIR S E LTw
%200 ml, 300 mlfFIMLER % &G <id, KA E T
OMMEA 7 H O EE16% (200 mlFii124, 300 mifFifi
3%, 400 mUFI 1 44) OHbREIE & XAl & i LRiE
A S, 1.0 mg/dlx 8z % REE 2R T EEITA

Table 4. Characteristics of patients whose Hb values were decreased and patients whose Hb val-

ues were not decreased

Patients whose Hb values were
decreased (n=121)

Patients whose Hb values were not
decreased (n=25)

Average Range (Median) Average Range (Median)
Age (years) 576 18-79 (60) 55.2 18-74 (57)
Height (cm) 156.6 1352-186.2 (155.8) 157.7 143.0-1736 (155.5)
Weight (kg) 62.7 306-110.0 (60.5) 64.2 47.1-1080 (62.7)
BMI (kg/m’) 255 14.3- 429 (25.1) 271 188~ 450 (25.3)
CBV (ml) 3733 26066079 (3564) 3914 2849-5693 (3882)
Day 18 7-31 (18) 18 7-31 (18)

BMI: body mass index, CBV: circulating blood volume.

—




5N 7% o 72 (data not shown). KAERFM % ERL 72
BEOTEEEZ L &, 400 mlliy B E#E & AR L H
Kb oo, FIESPRVEZETH 7 HETIZHbR
BT TR WITREEAVRIE SN TE D, 400 mlly I
FOLGAIIZ S HICHENMAE LA ENEETH L LFE
AN 5. LLEOKERLY, IFiffomER I 2 A%
HEL L, &5% 2 HMIERIC X 2 HoBIER) T H - &
ERDBVEND 5.

WFIMAETICRBC, Hb, Hto 3IHHASEWEE T CIF A
OHbEEEIIAK <, REBRFERFHbAMK T L T\ 2 MH[A) A
A7, HMK TR &MU T L K5 &, ILTEET
([IRBC, Hb, HIZWHEIZEWE W) R E S —HT 2.
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H CIILF LT OHDAK T 70 K 59

RBCRHtA E W EH 1T EHRIUM O Hbi B ASE 45, BE i
WL 2HbO ORI K E ., EIMICET 2078 TH, WLiE
AHbO B EH 1T EEMAEHbIFET L, ##Edkd K&aw
[8]. IFIMATORBC, HbAEWI & &, WM&+ %
HbAEAH O N0 I W Y EE L TEZ 2 LE DD
5.

— T, BHREDIRIECTH 5eGFRX°CRE & Br {2 HbiK
TELHbEE R, HblEEERE OMBIEA SN2 o 72,
CRED ML i#efili 2 Tl - 72 B3 6 %, BHEREET O
R CdH % eGFR60 ml/min>iii % i 72 L 72 & 13 9 4w
7208, 0 bHbHESR oMk o7zDi1E 1 HDOAT
HotzZ b d, KA OCREReGFR % HblAl#E O 512

Table 5
A. Laboratory data before blood donation and decrease of Hb values after blood donation
N mean +SD
Hb decrease group/ Hb decrease group/ P value
non-decrease group non-decrease group

RBC (x 10°/ul) 121/25 460+045, 4.36+050 0.013
Hb (g/dl) 121/25 139+13, 13214 0.010
Ht (%) 121/25 415%36, 399+38 0.019
MCV (fl) 121/25 905+36, 91.8+38 0.107
Fe (ug/dl) 116/25 8428, 68 =24 0.026
UIBC (ug/dl) 116/25 23842,  254£57 0.340
TIBC (ug/dl) 116/25 322+39,  322+48 0.734
FER (ng/ml) 116/25 987+94.1, 881+781 0.356
CRE (mg/dl) 102/20 061£0.16, 0.63=0.22 0.801
eGFR (ml/min) 102/20 89.6+£222, 927+257 0.464
NTBI (uM) 101/21 046=0.12, 047+0.13 0.668
Ret (%o) 32/6 152+30, 167+64 0.732
Ret-HE (pg) 28/6 33114, 333*+14 0.635

B. Laboratory data before blood donation and recovery of Hb values after blood donation

N mean £SD
Hb non-recovery group/ Hb non-recovery group/ P value
recovery group recovery group

RBC (x10°/ul) 39/107 460044, 454+048 0470
Hb (g/dl) 39/107 139+13, 13714 0.234
Ht (%) 39/107 417+33, 411+38 0.178
MCV (fl) 39/107 909+41, 906=*35 0.622
Fe (ug/dl) 35/106 85+28, 8027 0.200
UIBC (ug/dl) 35/106 22844, 245+ 45 0.077
TIBC (ug/dl) 35/106 314+47, 325*39 0.221
FER (ng/ml) 35/106 1216+1328, 886+717 0.335
CRE (mg/dl) 26/96 060016, 061*0.18 0.740
eGFR (ml/min) 26/96 927260, 891=%215 0.820
NTBI (uM) 26/96 048+0.13, 046=0.12 0.543
Ret (%) 9/29 136+22, 166+37 0.020
Ret-HE (pg) 9/25 321+10, 328=*14 0.216

—
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ELTHWL Z EIEHEETH 5.

H M= & d88 <, ko EET A KT 4 2=k
MFEHE &S B T MAEMRE L ED TV L2, PR
ELTHRASISN T2 KRB AEEHIZHMEDO A TH S
[6]. RetldEAE SN TR D R WIIERRIMEKTH Y, B
PRS8BT U3 /E B C O R IMERREAE 2 B30 12 O 2 $g 4
L CHEIMBEOBREZ EIHVHENTWS, RethFEw &
W) 2k, RMEREAEDSTLEL Tnd w2 L EEE
BIZRLTHY, Kk ORBCRHbIAIE I E M 5 fEfE
ThbEVz 5L, KWgEr 56, RetidliFiifzOHblRIE % ¥
W 2HEFELTHHATH Y, SEEFMATOBAIZHLAR
&2 L THEBEOHbENEFUMADISHA RIS L& 2
S5, FEEEHORetix S MEIZITTH ), Retl8LhEA
HbRIE A MfF CX 2 I0IEL R 2 WEEMD B 5. 514, IE
Bl < L CMEs & Eda, BRI RS O Ret 22 B AT
& L) BRI 2 Bl & g L7z, RetO BB EATIZ H
CMEF I B A % BRI\ 727 8T 54 L2 7 b &4Y)
DB &, RYRAYCTRER T AE 2 A B O gk o 56
ICHBRT 5.

¥ R
ARWF7e L Y RBC, Hb, Ht2E T EHFMEHbIZAKT
L. RBC, Ht2%@EWEHE T LR Hb [ E R K2 -
72. Ret HbZ A= ICHEH DAY, Ret& Hb{E =, Hb
FEFICIEOHBESRA SN, —F, Fe, UIBC,
TIBC, FER, CRE, eGFR, NTBI¢& HFififkHbZ b= -
g - AESRICHIBIZ A S e 22> 72, HblRIEHRE & Hb
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FEEEREDIELTIE, Ret TOARAEED A L NEFITZHD
T AR L LT, I ORetMlENHHTH 5 2
LhRENT.

ARWFZEI T 7272 & T L0 ERNR S B G AR A - S
W, HEMB L BRI OERBICES L 9. Ao —EikH
AR LR L - A0 3o 1L 5 % A B A S A ERR WF ZE D B 1 % 521 €
TWE L7

Xk

JEA G BEEE - AEIEEAE R, M RA O MRS, 2019.
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