THE USE OF CITRATED BANKED BLOOD FOR OPEN-HEART SURGERY
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ONE of the most vexing problems in extra-
corporeal. circulatory systems has been the
provision of an adequate supply of fresh donor
blood. It is the purpose of this paper to report
on the use of routinely collected and processed
banked blood in hypothermic extracorporeal
circulation, using the double helical system,?

METHOD -

ACD. banked blood as collected and proc-
essed by the Oklahoma City Community Blood
Bank was circulated through the double helical
reservoir oxygenator-sigmamotor pump (fig.
1)+ Donor blood was drawn by vacuum
through silicone-coated donor sets into silicone-
coated glass bottles containing 120 ml. ACD

This study was received from the Cardiovascular
Section, Mercy Hospital, Oklahoma City, and ac-
cepted for publication June 2, 1960. The authors’
address is 430 Northwest 12th Street, Oklahoma
City 3, Oklahoma.

solution, with the flow rate regulated at 9
100 ml. per minute. The blood was process.d
according to National Institute of Health ap.
proved blood banking techniques.

In vitro studies included determinations of
hematocrit, white blood count, platelet count,
plasma hemoglobulin, and plasma sodium, p)-
tassium, and chloride made before the blond
was subjected to the double helical system;
after thirty minutes; after sixty minutes of
pump operation at a flow of 250 ml. a minute
for a 500 ml. reservoir. Temperature of the
blood was maintained at either 25 C. or 37 C.

Clinical studies included decterminations of
hematocrit and plasma hemoglobin on each
bottle of banked blood used; on each patient
before perfusion, at varying intervals during
perfusion, and at the end of the perfusion; and
on blood drawn from the double helical reser-
voir at the end of cardiopulmonary bypass.
Tests to measure mechanical fragility and os-
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Diagram of system used both experimentally
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and clinically.
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m-tic fragility of blood are being conducted
and some preliminary results will be reported.
In all patients reported in this series, 5 per cent
duxtrose in water was used as the priming fluid
for the heart-lung machine,® and ACD banked
bluod to replace that lost during surgery.

TECHNIQUES

All determinations were done in duplicate.
The techniques used included: H it de~
terminations: microhematocrit capillary tubes,
and international microhematocrit centrifuge
and reader. Platelet counts: direct count
method, using a modificd Deese-Ecker dilut-
ing fluid.® Plasma hemoglobin: modified ben-
zidine method as described by Crosby and
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Furth.® Plasma sodium and potassium levels:
Coleman flaime photometer attached to Cole-
man Junior spectrophotometer.”

Plasma chloride levels: method of Schales
and Schales.®* Quantitative osmotic fragility:
modification of the method described by Ham.?
Mechanical fragility: modification of the
method of Ham and Shen.®

ResuLts

In vitro studics show that citrated banked
bloed, stored up to five days may be circulated
through a system such as that described above
without undergoing significant changes in the
factors measured (Tables 1 and 2). The low
chloride levels reported may be explained by

TABLE 1

Ix Vitio Stupies oN Broop Cmcuraten at 25 C. Turouver Tur DousLe-Heuican OxyGeNsTOR
AND S16MaMoToR Pusp AT A Frow Rate oF 250 mp. 4 MiNute witi A 500 mp. RESERvoIR

Hematoerit White Dlood Cells Platelets per mm3
Bottls Day
No. Y1 Base n 0 Base 30 0 Base 20 60
Line | min. | min. | Line | min. | mia. Line min, min.

5766 1| 4 42 11 7,600 | 7,000 | 6,450 | 212,000 | 200,000 | 196,000
F5742 1] 40 47 36 11,300 | 10,900 | 10,600 | 206,000 | 186,000 | 178,000
Average 42 39 18 9450 | 8950 | 8,500 | 200,000 | 193,000 | 187,000
I‘ln.Sl 2 41 18 36 8,100 7,700 7.350 | 203,000 | 189,000 | 171,000
2130 37 36 0,600 | 9,000 | 8750 | 208,000 | 197,000 | 186,000
2 45 41 42° 6,000 | 5,500 | 5,300 | 196,000 | 187,000 | 182,000
Average 11 39 38 1| 7,000 | 7400 | 7,100 | 202,000 | 191,000 | 179,000
Ft215 3 43 41 39 8,600 7,900 7,300 | 147,000 | 125,000 | 118,000
Fi176 3 15 43 41 7,650 7,400 7,100 | 139,000 | 130,000 | 118,000
Fam2 3 44 42 41 6,900 | 6,750 6,700 | 143,000 | 120,000 | 118,000
Average 43 40 38 7,600 7,400 | 7,000 | 154,000 | 140,000 | 128,000
Fi194 1 39 39 35.5 7450 6,800 6,150 | 139,000 | 124,000 | 111,000
Fil61 4 45 43 42.5 7,400 7,050 | 6,800 | 109,000 | 103,000 | 98,000
Fi366 4 42 41 40 5,450 { 5,200 4950 | 117,000 | 110,000 | 106,000
Average 42 40 30.3 6,800 (,350 | 5,950 | 121,000 | 112,000 | 105,000
F6153 5] 395 | 36 335 | 6300| 58501 5400 | 107,000 { 98,000 | 86,000
Fei22 5| 53 19 15 6,750 | 6,700 | 6,200 | 99,000 | 87,000 | 83,000
F5101 5| 42 38 a7 5300 | 5,000 | 4,850 | 202,000 | 156,000 | 168,000
Average 4418 41 38.5 6,150 | 5,850 | 35,450 | 136,000 [ 123,000 | 112,000
7 40 35 33 4,100 | 4,000 | 3,500 12,000 8,600 7,000
T 43 38 36 3,900 3,500 | 3,000 15,000 7,000 4,500
11 36 34 4,000 | 3,700 [ 3,200 13,000] 7,800 35700
s | 30 365 | as5 | 3850 | 3400 3300] sooo| 4000} 3000
S§a 10 17 3200 | 2500 2000 7,500 350 2000
; s o 42 11 2500 [ 2000 | 1,500 s000| o000 1,800
Average 11 30 7.8 | 3,200 2600 | 2000 800 BI300] 2200
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TABLE 1—Continued
Plasma x‘n’g. o Tobi Soxd Eq./l. T mEq./L. Chlorid Eq .
Bottle Days
No. ol -
Base 30 o0 Base 30 60 Base 30 &0 Base 30
Line min, min., Line min, min. Line min, min, Line min.
1 53.4| 138 | 140 | 142 | 5.6 5.7 6.0 | 70 70
1 80.1 138 136 137 | 4.6 4.4 4.6 | 70 69.5
66.7( 138 | 138 | 139 | 5.1 5.0 53 (70 9.8
2 O3 | 184 33.2; 135 § 133 | 130 | 6.5 6.3 6.6 3
2 100 ) 143 178 138 | 137 | 137 | 6.3 6.2 6.3 68.4
2 125 | 35.0] 40.0F 127 { 125 | 127 | 44 | 46 | 4.7 G6.8
Average 106 | 2251 303 133 | 131 | I31 | 5.7 | 57 | 58 G0.4
F6215 2077 128 1 129 | 130 | 5.8 3.7 a0 1T 0.5
F6176 3 1041 136 | 139 | 137 | 44 4.6 47 [ 74 [EAY
F5002 3 106.0] 118 | 120 | 119 | 16 4.9 51 | 728 | 731
F5720 3 8931 135 | 135 | 136 | 6.2 | 64 | 65 | G6 73
Average 6031 129 | 130 | 130 | 5.2 5.4 5.5 | 7251 75.1
F61H4 4 6.5 | 1997 27.6] 125 [ 123 | 127 | 6.2 5 | G4 704
F6161 4 L5 | 163} 180 134 | 135 | 135 | 5.4 3 BN 8
F5866 4 801 48.0) 58.0] 125 | 127 | 128 | 49 a.1 5.2 700
Average 8.6 | 28.0| 345( 128 | 128 | 130 | 5.5 5.6 5.6 72.6
F6153 5 103 | 1540 192 137 ( 134 | 138 | 69 6.7 7.1 7.1
F6122 51 89 | 13.7§ 16.0| 138 140 138 7.1 7.3 72 e
F5101 5 157 | 5801 9851 134 | 185 | 137 | 7.1 | 7.6 | 8.1 5
Avernge 10L6 | 2031 45| 136 | 136 | 137 | 7.0 7.2 74 74
FSSFA 7 7.0 20001 135 136 136 8.7 9.8 {10.1 0 w3 w
F5867 7 10.0 75.0) 130 § 140 | 138 | 8.1 8.7 9.2 | 68 67 69
Average 8.7 18771 137 | 138 | 137 | 8.4 9.2 9.6 | 69 71 3
F5834 8 75| 334 45.7] 133 | 134 | 135 | 8.1 88 | 72 3 93
F5827 8 1251 20.0| 455 128 | 130 [ 120 | 9.1 9.6 171 73.6 ] 72
F5835 8 125 ) 225) 39.8] 128 | 127 | 120 | 9.0 9.5 | 74 73 3
Average 108 | 253 43.6( 129 | 130 | 131 | 87 0.3 |72 3172

the dilution of the whole blood with 20 ml. of

the citrate solution.

ized in table 3.

In vitro changes at 25
and 37 C. at the end of one hour are summar-

In vivo studies on patients undergoing
with hypothermic perfu-

open-heart surgery
sion using the system and techniques deseribed

above showed an average decrease in hemato-

TABLE 2

Ix ViTro StTunIES 0N BLoop CIRCULATED AT 37 C. Turouvan TE DousLe-HELical OXYGENATOR AND
Sieyamoror Puste AT A Frow RaTe oF 250 sr. A MiNvre wrtn A 500 i, Reservomr

Hematoerit ‘White Blood Cells Platelets per inm.?
Bottle Day

No. oid Base 30 60 Base 30 0 Rase 30 60

Line win. min. Line min. min. Line min, min.
F6448 T 42 10 8600 | 8000 | 7.850 | 207,000 | 192,000 | 180,000
Fo411 2l oans | oans | oans | ueso | o000 | 8300 | 200,000 | 183000 [ 161,000
3 425 | 40 7A00 | 6,900 | 6100 | 155000 | 126,000 | 101000
4 42,5 36 34 5,950 5,400 5,050 113,000 | 103,000 87,000
51 42 30 35 G400 | 5300 | 5000 | 90,000 | 76,000 | 54000
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TABLE 2—Continued
! Plasma Uemoelobin= | sfium—mEq.A. | Potasium—mEq./L | Chloride—mEq./l.
Bottle Days
No, Ol

Base 30 60 Rase 30 60 Base 30 60 Base 30 60

Line | min. | min. { Line | min. | min. | Line | min. | mip, | Line | min. | min.
F6448 ’ 1 6.5 131 133 | 132 | 46 4.6 47 | 71 709 | 713
F6111 2 9.0 129 | 130 § 128 | 5.0 5.1 49 | 68.4 | 689 | 69.3
F6315 3 8.0 128 | 130 { 131 | 6.7 6.5 6.7 | 70.1 [ 70.1 | 71
FG257 4 7.5 130 | 135 | 134 | 6.2 ) 63 6.3 | 73.0 [ 724 | 729
Fo207 5 115 1200127 | 127 1 5.0 6.9 1701 | 72 7L5

crit of only 2.3 per cent and an average rise
in plasma hemoglobin of only 18.9 mg. per
cent.  The maximum rise in plasma hemo-
globin was 45.8 mg. per cent (Table ).
Osmotic and mechanical fragility tests on red
blood cells during two huran perfusions with
the 5 per cent dextrose in water primed heart-
lung machine and the use of banked citrated
blood to replace that lost during surgery are
summarized in table 5.

Discussion

Freshly drawn heparinized blood 2 1%t has
been advocated for open-heart surgery; fresh
to secure the least altered blood and heparin-
ized to aveid citrate poisoning and over load-
ing with fluids. However, citrated baaked
blood obtained in routine fashion would do
away with special programs for blood recruit-
ments currently in progress.

Our studies indicate that banked blood
stored up to five days maintains most of ‘its
measured elements and does not change mark-
edly when subjected to our double helical sys-
tem. Postoperative blood loss compared favor-
ably with the blood loss observed when fresh
blood was used. The possible decrease of the

TABLE 3

Svuyanry ofF Cuaxces 1IN Broop at tue Exp or
Ose Hour Rux at 25C. axp 37C.

Avi mzv Change

.\rcm:e Change
t 55 C.r 37 C.e

Hematocrit

White blood cells

latelet count

Tlasa hrmoglulnn
“lasma

'lasma pnuwuun +0.5

“lasma chloride +1 mEa. e

— indicates a decrease and + an increase.

life span of the red blood cell is currently being
investigated but the degree and frequency of
postoperative anemia observed does not seem
to be unusual.

The first clinical instance of possible citrate
poisoning during open-heart surgery was de-
scribed by Dennis and associates, in 1951,*
when late in the repair of an ostium primum
defect, the force of the heart beats were noted
to be weak following the use of citrated blood
for substitution. However, multiple factors
entered into the picture and could have led to
the inability of the heart to sustain a strong
beat. Bunker? stated that citrated blood
should not be used during open-heart surgery
or hypothermia because of the danger of
citrate poisoning. The deleterious effects of
the use of banked citrated blood during hypo-
thermic perfusion were not encountered in our
series of patients weighing from 10 kg. to 72
kg. and using up to 5,000 ml. of blood in one
procedure. The amount of citrate fluid used
in each pint of blood should be taken into con-
sideration in the fluid balance sheet and ac-
counted for during the computation of the 24
hour fluid requirements. The use of banked
citrated blood during hypothermic perfusion
is advocated only when used in conjunction
with the system as described; we have not
studied other systems.

SUMMARY

Routinely collected and processed banked
blood may be used successfully in an extra-
corporeal circulatory system using low flow
rates as made possible by hypothermic perfu-
sion.  Blood banked for as many as five days
may be used without significant changes oc-
curring in hematocrit, white blood count, plate-

20z ludy g1 uo 3sanb Aq ypd°90000-00060096 | -Z¥S0000/€08. L2/96+/S/ L 2/}pd-a1o1n1e/AB0|0ISUISBUE/WOD IIEUYDIDA|IS ZESE//:d}}Y WOI) papeojumoq



500

TABLE 4

Strpies o8 Patiexts Uspercoine Hyrotueruic PErrusion witit THE 5% DEXTRoSE 1IN WATER
Primep Douvsie-HELical Reservoir HEarT-LuNG Macnizg

ZUHDI, McCOLLOUGH, CAREY, AND GREER

Anesthesiolo, y
Sept.—-Oct. 19 0

Arein | Wein | Flow |lemsiof] o e Hematocrit Pasma Hempglubin- -
Patient | 4000 1 TR | e Perfusion Bottle No. | iayn T Tost Trase Tor
B Line Perfusion Line Perfusior
L.J. 23 12.55 300 26 41 36.5 11.0 20.0
F6069 1 44 18.5
F6072 1 43 840
Blood from helix 37 125
G. B, 9 25.55 600 88 32 34.5 9.5 17.8
F6081 1 40 20.5
Fous2 1 43 15.0
F6075 1 415 10.7
Fo074 1 42 12,0
F6086 1 +H 8.6
Blood from helix 35 20.0
J. 0. 2} 1271 300 42 38 33.5 1.7 213
F6171 2 42 2.6
F6182 2 40 15.9
Blood from helix 3 25.7
J.D. 10 39.0 800 62
F6166 6 43 120
6378 1 41 9.5
F6376 2 41 8.6
Blood from helix 2.5
Jow. 21 35.05 700 82 10 36 1.6 23.1
FG507 4 51 9.5
F6535 3 38 116
F6491 B} T2 8.7
F6537 3 36 10.4
Blood from helix 35 1.7
N.D.} 46 46.80 1 1,000 33 40 38 17.9 343
1 36 19.3
1 39 234
Blood from helix 37 36.1
C. 8. ad 70.87 | L300 189 47 41 13.9 67.7
F6614 2 42 17.3
F6611 2 41 8.1
F6641 2 41 123
F6604 2 43 9.6
F6608 2 40 143
F6533 4 44 23.6
¥6535 4 38 16.7
F6340 4 44 11,2
F6663 1 40 13.4
Blood from helix 42 70.3
E. L 35 39.78 800 61 a2 33.5 9.8 340
FG807 4 51 83
6809 4 10 15.6
6803 4 41 213
R. H. 73 26 450 81 36.5 31 8.4 26.7
T. N. 7 21.0 400 31 41.5 33.5 945 17.8
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TABLE 5
RBC FraciLity Stuptes ox Patiexts UspeErcotna Hrromuenuic Perrrston wrti THE
5% DextrosE 18 Water Priuep Docsie Heutear Reservorr Heart-Lune MaciiNe
Osmotic Fragility Mechanical Fraxility
Patient Specimen % Saline "’;ﬁgﬂ;&‘gfﬂﬁ"
085 | 045 | 030 | 000 me. %o
J. W. | Contro} %% hemolysis 0 3.7 | 976 100 7.6
Patient—DBase Line %% hemolysis 0 1.55 | 9o.1 1 100 69.0
Patient—1 hour perfusion €% hemolysis 0 21 1963} 100 76.1
Patient—350 min. after end of
perfusion—perfusion lasted
82 min. %% hemolysis 0 1235943 100 754
E. L. | Patient—Base Line %% hemolysis [ 1.4 | 885 100
Patient—at end of perfusion—
perfusion lasted 61 min. 2 hemolysis 0 295 | 90.6 | 100

let count, plasma hemoglobin and plasma so-
dium, potassium and chloride concentrations.
Comparison of studies made on blood at 25 C.
with blood at 37 C. scem to indicate that it is
the low flow rate that makes possible the use
of banked blood. The system described has
been successfully used on 30 patients under-
going apen-heart surgery.

The technical determinations were made by Mrs.
Betty Blackbum.
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