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= Abstract =

The Clinical Study of Autotransfusion in the Orthopedic Surgical Field

Jeong Hwan Son, M.D., Jang Seok Choi, M.D., Hyun Oh Cho, M.D.
and Young Goo Lee, M.D.

Department of Orthopedic Busan Paik Hospital, In Je Medical College

Requirement of blood transfusion has been progressively increased and supplements by volunteer donor are
not sufficient to their requirements. Moreover homologous blood transfusion are not supplied without risks, espcially
the transmission of the serum hepatitis. Twenty procedures, including two total hip replacement arthroplasty, were
carried out with acute hemodilutional autotransfusion. The results of this study show that autotransfusion is a safe
method without difficulty of blood replacement in elective orthopedic procedures.

Key Words : Autotransfusion.
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P} A EAR dEEHe A4S AatEd 2}
go] vlgtal g oz Amse] 1981 10 ¥5El 19
A4 9¥97A] EY HYHgo) A 28L& #25F hem-
crit 7} 35% ol4e)x <l A4 ko] 500ml ofAbal 20
14 A7bedg Adste] B5a90e Aag A7)
+8 2% §4 Busle wpolct(Table 1)
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SamE Y Ay s QJUY #AF vlmAH HAY
b k383 $4H hematocrit 7} 35% o] Aol 2 o A+
I=ko] 500ml o] A}al 204 9 44 Algsidon,
-EE 19l 574 7hAlel . A e] 5Helgdth,
AZE 67 AR PRI AR, 1287 HEA

B e 8295 4 e Haxd 5.

#, 29 2+ 9 ZAYAXPEA] A3l (Table 2).
APy e SHAAZ $AFFE $0F AL
4+ dAdstn A A2pdTFRl AEEYS
dAstgn, WANHF 835H-e HAslo polyethy-
lene medicut & A A1AH HEAPFHAAS] FHES
ACD £ 80ml7} & ) ¥bag-Boll ALY s}ln] FA) o] A}
dako 1/28 AsA, 1/2 4¥A e A} 7
A F4 ARt zeln AEAA, AF, Ay F
z}7z} Het, Hb, PO2, PCO2, PH & 2 & sl9 2o, a3
3 e AL =g 1°C4°Ce YA pasidcist
Fgo] BEg A5 Ysgoh(Table 3). 2w 344
2% Table 49 o] A&l o & sy
7 o] Table 59} & F4]ojr},

dEEn

HAAE ] ¢4 3F hemoglobin X & 14, 0gm%, he-
matocrit & 37 41.8% ¢)%l .2 hemodilution 2] & he-
matocrit = H# 30.7% 2 Ast=Eisien] HA 24% o)
ek, 2 Aldzke H3F 833mlelgl o 1200ml
oldlct. 5 AYY W ALY FUFYIAL
Table 6 # Zsich, ddAR2F 492 A¥o] ¥dd
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AZEA, AFAYAAE, A= A2, AHITF
9 FHAHAFRY] FEAE AT ArtFHol
o o] o141 £¥o] WX WskgdciTable 7, Fig. 1,2).

275 2 39} =4 F A1 49 hematocrit, hemoglo-
bin &} el EFol o] Frtd U7 W Folch
223 hemodilution . %, %2 PH, P02, PCO2 o
W 8= 7}z}b 7.15-7.45, 200mmHg-280mmHg, 13.0mmHg-

Table 1. Total amounts of blood required in transfusion

’80(thousand unit) '81

Pusan Paik Hospital 5.5 5.9
Pusan 48.5 55.0
Korea 419.0 490.0

394

36

334

304

Hct%

1a 1b 2 3  3a
Fig. 1. Changes of hematocrit.

Table 2. Patient’s age, sex, diagnosis, operation name

No Age Sex Diagnosis Operation name
1 24 M Fx. Surgical Neck Humerus Rt O/R & UF T K-wires
2 19 M Fx. Neck Scapula Rt O/R & I/F T screws
3 45 M Fx. Neck Femur Lt Neglected Hemiarthroplasty & A-M prosthesis
4 47 F Spondylolisthesis L5-S1 Transabdominal Interbody Fusion
5 40 M Fx. Segmental Tibia Rt O/R & I/F ¢ DCP
6 41 M Fx. Compressive T12 Operated Removal of Harrington Comp. Rods
HIVD L4-5 Lt Partial Laminectomy
7 41 M Fx. Femur Rt, Metal Failure O/R & I/F ¢ DCP
8 41 F Spinal Stenosis Post. Decompression
9 19 F HIVD L4-5 Lt Partial Laminectomy & Discectomy
10 24 M Fx. Compressive L2 O/R & I/F ¢ Harrington Distraction
Rods
11 38 M Avascular Necrosis Head Total Hip Replacement Arthroplsty
Femur Lt
12 40 M Spinal stenosis Posterior Decompression
13 51 M Avascular Necrosis Head Total Hip Replacement Arthroplasty
Femur Rt
14 23 M Fx. Dislocation C5-6 Anterior Interbody Fusion
15 25 M Fx. Humerus Rt O/R & I/F ¢ DCP
16 19 M Pyogenic Osteomylitis Ant. Decompression & Ant. Interbody
Spine L3-4 Fusion
17 25 M Thbe. Spine L3-4 Ant. Decompression & Ant. Interbody
Fusion
18 26 M HIVD L4-5, L5-S1 Total Laminectomies
19 18 F Fx. Dislocation L1-2 O/R & I/F € Harrington Distraction
Rods & Posterior Fusion
20 35 F Thbce. Spine T7-10 Post. Decompression & Post. Fusion

Fx: Fracture, O/R: Open reduction, I/F: Internal fixation, DCP: Dynamic compression plate
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7mmHg o] & hemodilution ol @& 7§ )AL
& 9

a  F

¥ gtz AYss e Y =& WY 9
+8& 1914 Hustin®e] ¥ YA 44 2 sodium
rate & A8-317] Ajatet o)d REsm glov o
7} 8 ¥ Hatgo] U F:90c}(Table 8). o] o}
A7k o] o ool M 7A Whye] gle

ible 3. Procedures of hemodilutional autotransfusion

emedication IV route for electrolyte
. operation room IV route for colloid
:neral anesthesia Radial artery puncture

Arterial blood sampling
Drawing of arterial blood
Perfusion of electrolyte & colloid
Arterial blood sampling
. repairing muscle layer Reinfusion of blood by
IV route
Arterial blood sampling

Table 4. Theoretical dilution equation

= V (In Ho - Ht)
: hematocrit %
: estimated blood volume

[ S ot

: blood loss, noncellular replacement

(]

: subscript indicating initial condition
: subscript indicating time

o 2 gAd w3 & Table 9 R 105} 2},

AdA, #¢F 28YYE Y3l AFYse A2
2 o]& 18184 Blundell®® o} A3} At F 2 ¥ HR}So) A
Algslgm, 2% 19149 H. Johannes7} ab3-2¢) Al
4, 194311 Griswold ¢} Ortner® o] F4 % ¥¥ &4
#atel A4 A3 sbel 2.0 1916W Dyer 9} Klevanoff* 5-e]
Bentley Autotransfusion system-g& whEo] Fveho] o] =
32 9tk ol £F B5el 1d ¥HE AEale de
foaming, filteringA|# ¥ wez AWLE, F
FAE, flY To8 24% AL o] 4  gon
71¢] systemic heparinization, microemboli formation
Z9] Ea}7} 9l3 Bentley autotransfusion systeme)]e}
= 55 7147 283ide EAHe o EA &
A st Bzt £E4] o] 3te WYeR
19219 Grant” 7} meningioma+ polycythemia # =}o) 4
#Hz2 A ol 19373 Fantus¥7}, 195513 Boere-
ma” $o] Ay, 19683 Turner”s} iz 39
I G A Astact o) WS A¥EF g
olel K3} 7|Zte} 72417 A xS ALY w H2g
FE 4493 APapojel e, T4 Y AFFHe
35 A& kst 3pints7 A Ew7} sbssich, &
£ leap frog Wil & o] &3l o] &2 22 o l4pints
7HA = AR B 7hgsiet shAch a2y ol AR
Yo|*o] 7] o Fof, FFo] A7HH YL Pu T
F Ax, LA, awe 24, Axdwrve A

&, A=S 2ol A"t AAE FeF AP

Table 5. Simple predictive equation

[bgm¥%

1a 1b 2 b 3a
i: 1 day before operation 1-b: prehemodilution at opera-
n 2: immediate hemodilution 3-b: immediate reinfu-
n 3-a: 1 day after operation
Fig. 2. Changes of hemoglobin.

L=V (Ho - Ht) 3 - H)

Allowable loss = estimated blood volume x change in
hematocrit x the difference between 3 and the
average hematocrit
(Hematocrit : decimal fraction)

eg : Body wt; 70Kg, Initial Hct; 40%

tolerable Hct; 30%
Allowable loss = 70x70 (0.4 -0.3) (3 — (04 + 0.3))
1392.72 ml

Table 6. Blood loss during operation

Experimental gp Contrast gp

Average blood loss (ml) 812 836
Average transfusion (ml) 149 684

Contrast group : 4 cases of same sort of each operation,
total 80 cases
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Table 7. Changes of Hct, Hb, Drawn blood vol. etc.

No  Hct-1a/Hct-1b/Hb-1 Hct-2/Hb-2 Hct-3a/hct-3b/Hb-3 vd V1 U
1 45 39 13.8 37 12.7 39 39 13.3 800 500 0
2 43 34 11.5 32 10.7 27 27 9.2 800 1200 320
3 41 32 14.0 31 10.5 33 34 11.3 700 600 0
4 36 36 121 34 11.2 30 30 10.3 500 900 300
5 44 44 14.6 40 13.1 40 36 12.3 400 250 0
6 48 42 14.2 37 12.2 42 42 14.1 800 300 0
7 41 40 13.3 33 11.3 25 25 8.4 800 2500 2000
8 42 40 13.5 35 12.0 40 37 12.5 800 500 0
9 38 39 13.2 31 10.4 35 33 11.1 700 6500 0

10 45 44 14.2 32 10.8 34 33 11.1 800 700 0

1 37 37 12.5 25 8.6 30 30 10.3 800 450 0

12 47 47 15.3 36 11.7 45 39 13.2 1200 350 0

13 40 36 11.9 26 84 37 37 9.2 800 2000 360

14 42 36 12.6 28 9.4 36 31 10.5 1000 400 0

15 38 37 11.7 32 11.0 30 27 9.2 400 500 0

16 41 35 13.4 31 11.3 32 29 9.8 1000 1300 0

17 45 38 12.6 29 94 34 29 9.8 1200 1100 0

18 43 36 12.8 31 10.8 28 29 10.0 800 2200 0

19 40 31 10.2 24 84 30 25 8.8 850 1100 0

33 11.1 800 600 0

20 40 40 13.8 32 11.0 40

Aver. 41.8 38.5 12.6 30.7 10.7 33.8

32.0 10.8 833 812 149

Hct-1a : Hematocrit, 1 day before operation Hct-1b : Prehemodilution Hematocrit at operation Hct-2 : Hematocrit,

immediate immedilution Hct-3a : Hematocrit, 1 day after operation Hct-3b : Hematocrit, immediate reimfusion

Hb : Hemoglobin Vd : drawn blood volume(m]) Vd : blood loss during operation(ml) U : Homologous blood transfu-

sion(ml)

Table 8. Hazards of homologous blood transfusion

Table 9. History of Autotransfusion

Incompatibility reaction
Iso-antibody formation

Transmission of infection

HA T Had wme gEYYor 2 AYgL B
T sEo] BT g Y WYor 1 o]&4
712 19749 Moore¥s] =8 HYFFat ¢BdYs
o} wlol abe} dof 342 Table 113} o] EEHF
ole 33 42 271 A& 7| S Y| £ o]l gdT glo
= ¥ 34L& hematocrit & 25% ~ 30% 7+ #) Wl 2] & mo-
derate hemodilution & o] &3l i}, o] W& 1975
d Messmer®7} 3 g Asistdon] A3 Mo a4
2]d w30 Table 129} 7ch, o] & thArat 4,

=
=1
3] Aol 29 AA-EFE hematocrit 7} 30% 2w H 2

Blundell 1818 Intraoperative autotransfusion
from postpartum hemorrhage

Lockwood 1917 during splenectomy for Banti’s ds

Grant 1921 Predeposit autologous transfusion
in meningioma operation

Turner 1968 In orthopedic surgical procedures

Messmer 1975 Acute normovolemic hemodilution
autotransfusion

of o] &t s 20%'*'Y e} ol FEY zAojz
AaFFol olFolATtI et o] ¥ Bo|:
f3} 1 L Table 135} ), o] z7j58e A
Table 149} Rov] B3 FUH2ZE T4 AHL 4}
AZtE 244 dew YUY AL FHo) s}
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Table 10. Types of autotransfusion

Predeposit autologous transfusion
Intraoperative salvage autotransfusion
Acute hemodilutional autotransfusion

Table 11. Types of hemodilution

. Normovolemic stabilized posthemorrhagic anemia
. Hypovolemic stabilized posthemorrhagic anemia
. Acute normovolemic hemodilution

= W DN e

. Acute hypervolemic hemodilution

Table 12. Physiological effects in hemodilution

Decreased hematocrit & viscosity
Decreased in oxygen content
Compénsated by
Increased cardiac output
Increased nutritional flow
Enhanced oxygen extraction by the tissue
Decreased oxygen hemoglobin affinity

Table 13. The diluent of choice

Colloid - same amount (Messmer)
5% human albumin, plasma protein solution, dextran
70, hydroxyethyl starch

Isotonic crystalloid - 3 times (Guillaum)
ringer-lactate solution, Hartmann solution

Y, colloid & % crystalloid

Table 14. Advantage of hemodilutional autotransfusion

Improved blood flow & tissue perfusion

Diminished risk of venous thrombosis

Save of clotting factors

Normal physiologic potential of its multiple components
No emotional distress

Table 15. Contraindication of acute hemodilutional
autotransfusion

Myocardial infarction & other coronary heart disease
Obstructive pulmonary disease
Pre-existing anemia
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