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THE OBSERVATION that major physiologi-
cal alterations occur after homologous
blood infusion in dogs has been well estab-
lished.>-> Exchange of as little as 200 ml.
of homologous canine blood may precipi-
tate a state characterized by mild or severe
arterial hypotension, portal hypertension
with splanchnic sequestration of blood,
transfer of water and electrolytes out of
the intravascular compartment, venous oxy-
gen unsaturation, and fall of the buffer
base. The syndrome may be overlooked
since the transitory arterial hypotension
occurs soon after the onset of perfusion
when the animal’s status is expected to be
the most unstable. The sequestered blood
returns in part to the systemic circulation
with passage of time.

The purpose of this communication is to
describe a group of phenomena occurring
during and after clinical extracorporeal
circulation that bear close resemblance to
the syndrome of anaphylactoid shock from
homologous blood exchange in dogs. The
principal characteristic of this syndrome is
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sequestration of significant quantities of
blood in areas not measurably in communi-
cation with the circulating blood volume.
Despite rigid maintenance of blood bal-
ance during the course of clinical cardio-
pulmonary bypass, significant systemic hy-
povolemia frequently occurs as measured
by radioisotopic methods. Failure to com-
pensate for this by blood infusion may
result in postperfusion hypotension. Resto-
ration of adequate circulating blood vol-
ume often reflects itself in increased total
body weight. Furthermore, there is pre-
liminary evidence to suggest that in this
group of patients return of part of the se-
questered blood to the systemic circulation
24 to 48 hours after operation appears
significantly to enhance the pulmonary
complications noted after perfusion. Fi-
nally, the phenomena in both humans and
dogs appear to be influenced by the com-
parative ratio of the reservoir and recipient
blood volumes and by the rapidity and
duration of blood transfer.

Methods and Results

Clinical data were obtained from 42 pa-
tients undergoing extracorporeal circula-
tion for the correction of cardiovascular
defects. The experimental procedures were
performed on mongrel dogs weighing 10
to 20 kg. Identification between the canine
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and human syndromes was demonstrated
in the following manner:

Blood Volume Changes

Human studies: Pre- and postoperative
blood volumes were obtained on 42 pa-
tients undergoing cardiopulmonary bypass
for correction of cardiac defects. Radioiso-

TAaBLE 1. Total Blood Volume, Plasma Volume, and Red
Cell Volume Changes Following Cardiopulmonary
Bypass (ml./kg.)

ATBV APV ARCV

1. —15.60 -5.75 —10.70
2. — 0.96 —13.70 +12.74
3. —27.96 —14.12 —13.84
4. — 8.92 —10.39 + 1.46
S. — 8.66 — 4.68 — 4.00
6. — 0.61 + 0.73 - 1.34
7. — 0.77 — 0.58 — 0.18
8. —12.93 —-13.76  + 0.82
9. - 15 + 2.65 — 4.16
10. - 57 — 6.65 + 2.99
11. — 7.60 - 5.20 - 1.83
12. —36.10 —-21.24 — 6.18
13. —20.40 — 8.09 —12.30
14. —21.36 —10.00 —16.36
15. + 4.27 + 3.37 + 0.90
16. —28.70 —18.95 — 9.88
17. —12.78 —19.35 + 6.57
18. —21.38 —15.17 — 6.20
19. —14.15 - 135 —12.80
20. —17.90 — 9.60 — 820
21. —20.40 —12.10 — 8.30
22. —30.40 —22.00 — 8.30
23. —25.70 —12.60 —13.10
24. —13.60 — 6.98 — 6.62
25. + 4.10 —10.20 +14.30
26. —48.30 —15.40 —32.80
27. + 4.90 — 3.50 + 8.50
28. — 1.60 — 8.90 +14.00
29. —13.90 —10.20 - 3.70
30. +51.20 +29.80 +21.40
31. —-22.19 - 5N —16.48
22. —27.70 —13.99 —-13.11
33 —42.38 —11.83 —29.63
34 —66.40 —36.80 —29.60
35 —19.90 —15.70 — 4.10
36 —22.46 + 2.37 —24.83
37 —11.11 — 3.50 — 7.61
38 — 5.00 + 09 — 5.90
39 —35.55 —15.17 —20.38
40, — 242 + 191 — 433
41. + 3.85 — 217 + 6.02
42, —15.87 — 852 - 735
Average —14.78 — 8.40 — 5.58
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topic methods were employed (RISA and
Chromium?®?).* Blood balance was meticu-
lously controlled during surgery by careful
measurement and replacement of blood
loss. The data were analyzed for changes
in total blood volume, plasma volume, and
red cell volume. These changes are shown
in Table 1. The red cell and plasma volume
alterations indicate that the deficits involve
whole blood and do not simply represent
water loss during operation. Blood balance
in all patients was maintained at or above
control level (Table 1).

Canine studies: Homologous blood ex-
change was accomplished in ten experi-
ments with a reservoir arteriovenous fistula
(Fig. 1) having a priming volume of 2,000
to 3,000 ml. Blood balance was maintained
or blood was added by pressure infusion
through the arterial limb of the fistula.

Significant sequestration of blood oc-
curred in nine of the ten dogs undergoing

RESERVOIR ARTERIOVENOUS FISTULA

From
Fem.Art

Fic. 1. Reservoir primed with blood. Shunt
(a) utilized alone to obtain control hemodynamic
data. Limbs (b) and (c) employed to_exchange
reservoir blood without altering blood volume.
Pressure bulb and gauge permit arterial infusion of
measured quantities of blood from reservoir.
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exchange of reservoir volumes exceeding
2,000 ml. of homologous blood (Table 2).
No additional blood was infused in two
dogs (No. 1, 2) and subsequent circulating
blood volumes were significantly decreased.
In Experiment 9, hypotension did not occur
and the blood volume data are inconclusive.
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Arterial blood infusions were given to the
remaining animals either early or late dur-
ing the hypotensive phase and there was
loss of blood from the circulating blood
volume. The sequence of events is illus-
trated in Figure 2.

Postmortem examination of the “shocked”

TABLE 2. Correlative Changes in Arterial Pressure, Blood Balance and Blood Volume During
Shock from Homologous Blood Exchange in Dogs

Depth of A Corrected
Control Shock “Recovery”’ Blood Volume*
1 a) 116 mm. Hg 15 mm. Hg Died
b) 0 0
c) 1,545 ml. 411 ml. —1,134 ml.
2. a) 140 mm. Hg 100 mm. Hg Not performed —1.161 ml.
b) 0 —135 ml.
c) 2,315 ml. 1.019 ml.
3 a) 105 mm. Hg 23 mm. Hg 90 mm. Hg —494 ml.
b) 0 0 +450 ml.
¢) 1,348 ml. 334 ml. 1,304 ml.
4 a) 120 mm. Hg 30 mm. Hg 100 mm. Hg
b) 0 0 +600 ml. —1,375 ml.
c) 1,356 ml. 1,076 ml. 381 ml.
5 a) 115 mm. Hg 95 mm. Hg 95 mm. Hg
b) 0 0 41,000 ml. —225 ml.
c) 656 ml. 585 ml. 1,431 ml.
6 a) 125 mm. Hg 35 mm. Hg
b) 0 +500 ml. Died —613 ml.
c) 1,082 ml. 969 ml.
7 a) 140 mm. Hg 95 mm. Hg
b) 0 +1,650 ml. Not performed —343 ml.
c) 860 ml. 1,967 ml.
8 a) 140 130 Not performed —3538 ml.
b) 0 +1,075
c) 1,258 ml. 1,795 ml.
9 a) 100 mm. Hg 95 mm. Hg 95 mm. Hg
b) 0 0 0 —124 ml.
c) 974 ml — 850 ml.
10. a) 120 mm. Hg 115 mm. Hg
b) 0 4800 ml. Not performed —098 ml.
c) 1,888 ml. 1,990 ml.

a)—Arterial mean pressure.
b)—Blood balance.
¢)-—Blood volume.

* Corrected Blood Volume =TIsotopic Blood Volume—Simultaneous Calculated Blood Balance.

ably representative of the amount of blood sequestered.

This is prob-
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animals consistently revealed marked he-
patic congestion, splanchnic venous disten-
tion, and intestinal mucosal hemorrhages.

TaBLE 3. Comparison of Weight and Blood Volume
Changes Following Extracorporeal Circulation in
Humans

A. Postoperative Weight Increased

A Corrected

Blood Blood
Volume Volume
(ml./kg.) (ml./kg.)
1. —27.96 28.0
2. — 7.60 —
3. + 4.27 + 2.50
4. —14.15 —19.0
3. —17.90 —-293
6. —20.40 —-224
7. —25.70 —32.2
8. —13.60 —158
9. + 4.10 - 22
10. —48.30 —34.0
11. + 1490 — 24
12. — 1.60 —20.2
13. —19.90 —-23.4
14 — 242 —11.2
15. — 5.00 —-124
16. — 8.16 —18.9
17. — 7.10 —19.1
18. + 3.85 — 2.7
Average —11.47 —18.2

B. Postoperative Weight Unchanged

1. —15.60 —17.6
2. — 0.96 — 14
3. — 8.66 —10.6
4. — 0.61 —
3. —12.93 - 79
6. —28.70 —28.6
7. —12.78 —29.3
8. —30.40 —-30.0
Average —15.72 —17.9

C. Postoperative Weight Decreased

1. — 8.92 —-19.0
2. — 151 —
3. —42.38 —42.3
4. —21.36 —
5. —21.38 -30.9
0. --06.40 -79.5
7. +51.20 +36.6
b 5.79 -- 9.0
9. - 15.87 -19.5
Average —15.65 —23.4
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Weight Changes

Human Studies: Deviations of pre- and
postoperative weights were estimated with
a metabolic balance (accuracy = 25 Gm.)
before and after cardiopulmonary bypass.
Fluids used during the procedure as well
as tape, arm boards, etc. were weighed
with the patient both before and after
operation to exclude these as variables.
The weights were correlated with the iso-
topically determined blood volumes.

No significant correlation could be estab-
lished between postoperative weight and
blood volume changes. A multiplicity of
factors—sequestration, length of procedure,
evaporation through the thoracotomy inci-
sion, and other insensible water loss—ap-
pear to conspire against the usefulness of
weight changes as a reliable guide to
volumetric control. The effect of variables
other than sequestration is illustrated by
one patient undergoing left heart bypass
(priming volume—300 ml.) whose red cell
volume rose slightly while weight, plasma
volume, and total blood volume fell, sug-
gesting water loss:

Preop. Postop. Change
TBV 3,892 3,398 —497
PV 2,677 2,050 —627
RCV 1,215 1,348 +133
Wght. — —200 Gm. —200 Gm.

As will be shown, the degree of sequestra-
tion varies with the length of bypass and
the relative size of the patient. Conse-
quently inclusion of these variables would
be necessary to validate weight changes as
helpful determinants. It should be noted
that over 50 per cent of the patients had
weight gain despite corrected blood vol-
ume deficits averaging 18.2 ml./kg. The
data are summarized in Table 3.

Canine studies: Pre- and postoperative
weights were obtained on three dogs hav-
ing homologous blood exchange with a
reservoir arteriovenous fistula. The homol-
ogus blood syndrome occurred in all three
experiments. The weight changes were
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Preop. weight -14.940 Kg.
Postop.weight-15.366 Kg.

°
I
€
£ A-V Shunt Opened (a) Weight gain - 426 Gm.
@ Blood Reservoir Fistula (b-c)
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Fic. 2. Sequence of hemodynamic and volumetric data in shock from homologous blood exchange
in dog No. 3

correlated with 1) amount of blood infused
and 2) radioisotopically determined blood
volumes.

These experiments were performed in
closed-chest animals to minimize evapora-
tion. The sizes of the animals and the time
intervals for the experiments were essen-
tially similar. Weight changes correlated
well with the amount of blood infused and,
as would be expected with sequestration of
blood away from the circulating blood vol-
ume, the changes showed little relationship
to isotopic blood volume alterations (Table
4).

Effect of Length of Perfusion on Seques-
tration in Clinical Bypass

Blood volume data were divided into
two groups. Twelve patients underwent
surgical procedures employing less than 45
minutes of total perfusion time (partial
and total bypass). Perfusion times exceeded
45 minutes in 30 patients. The data for
each category were grouped together de-
spite the size of the patients. The average
weights for both groups were similar,
however. The data were subjected to sta-
tistical analysis.

A statistically significant difference (P <
0.05) was discernible between the two
groups indicating increased sequestration
with longer periods of perfusion (Table 5).

Volumetric Influences

Human studies: Since the priming vol-
ume of the pump oxygenator remained es-
sentially constant (3,000 ml. = 200) for all
perfusions, data required to assess the ef-
fects of relative pump/patient blood vol-
umes were derived by comparing patient
weights and postoperative corrected blood
volume changes. These data were sta-
tistically evaluated for patients weighing
greater or less than 30 kg.

A striking tendency for increased seques-

TABLE 4. Postoperative Weight Changes in Dogs Cor-
related with Blood Balance and Blood Volume

Alterations
A Corrected
Blood A Blood Blood
A Weight Balance  Volume  Volume
(Gm.) (ml.) (ml.) (ml.)
3. +570 1600 —775 1375
4. 4420 +450 — 4 — 400
8. +33

537 —538

4913

41075
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TABLE 5. Length of Perfusion vs. Corrected tration of blood was seen in the smaller
Blood Volume Changes patients. Analysis of those patients who

- sequestered more than 5 ml./kg. (Fig. 3)

revealed a highly significant difference be-

A Corrected

Time Wt. Blood Vol. . . 3.
(min.) (kg.) (ml.) tween patients weighing more or less than
30 kg. (P <0.001). Even when those pa-
0-45 minutes tients who did not show postoperative evi-
o7 123 5 dence of diminished blood volumes iso-
29 173 —1002 topically were also included, the differences
23 23.3 +55 were still statistically significant (P < 0.05).
31 57.0 —605 Canine studies: D ; : natel
P 9.0 1308 anine studies: Dogs o approximately
37 43.6 —347 the same size (10 to 20 kg.) were utilized.
36 72.0 +112 The priming volume of homologous blood
45 14.0 —412
3 186 26 was altered and the presence of the shock
31 18.6 —847 syndrome was ascertained in one or a com-
i’i’ ;i;’ —4?; bination of three methods: 1) significant
’ systemic hypotension; 2) portal venous
Average hypertension; 3) radioisotopic evidence of
07l decreased circulating blood volume. Eighty-
33 12.4 9.7 ml./kg. g g

four animals had exchange of less than 500
ml. of homologous blood utilizing a reser-
voir arteriovenous fistula. Twenty-nine dogs

>45 minutes

ig ;;g __1;2; had exchanges of 700 to 1,200 ml. of homol-
59 4.6 —1317 ogous blood by reservoir A-V fistula or
54 2.1 —673 partial cardiac bypass. Partial cardiac by-
‘;g ‘;8§ —-2822;(1) pass was employed to exchange volumes of
80 63.6 —1210 greater than 2,000 ml. of homologous
65 38.2 —671 blood in 32 animals. Ten animals had ex-
2? ;i; ___gﬁ change of more than 2,000 ml. of homolo-
82 47.2 —1431 gous blood by reservoir A-V fistula.
138 ;2'3, __1‘;?(2) Complete blood exchange was achieved
13 286 886 in less than two minutes in each experi-
149 452 -9 ment. Blood balance was maintained at
gé }38 ;ggg or above control levels.
91 18.0 —362 Increasing the volume of homologous
156 68.0 —844 blood exchanged resulted in a parallel in-
122“7) g'g —_1?;(9) crease in the incidence of gross hemody-
59 52.8 —1152 namic manifestations of the sequestration
118 63.6 —1661 phenomenon (Table 6). The syndrome was
13 i(S)g _—1(;1525 observed in 41 of 42 animals (10 to 20 kg.)
11 66.3 —597 having exchange of more than 2,000 ml.
108 26.0 —3530
,7;2 ;ﬁg __132(7) Effect of Homologous Blood Exchange
8 500 - Human studies: Partial cardiopulmonary
Average bypass was instituted in three patients
87 4.6 —20.5 ml./kg. prior to employing total bypass for the

~_ correction of intracardiac defects, The ex-
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Fic. 3. Corrected blood volume changes vs. body weight in patients sequestering more
than 5 ml./kg.

change infusions were performed by re-
turning blood from the oxygenator to the
patient at a rate equal to venous return
for two minutes. The priming volume was
3,000 ml. = 200. Control hemodynamic ob-
servations were made with cannulas in
place for 10 to 15 minutes before com-
mencing blood exchange to rule out me-
chanical deviations, and both venous and
arterial pressures were constantly moni-
tored. At the end of two minutes of blood
exchange the arterial and venous lines were

clamped. Although it had been planned to
observe the hemodynamic changes for ten-
minute intervals, the steady progression of
the hypotension forced resumption of ar-
terial perfusion in each case. The develop-
ment of severe postoperative pulmonary
congestion in two of the three patients
forced abandonment of this study.

An identical procedure was carried out
in three patients having left heart bypass
(priming volume—300 ml.) for surgery of
the descending thoracic aorta.

TABLE 6. Relation of Volume to Incidence of Shock from Homologous Blood Exchange in Dogs

No. No.
Priming Volume Technic of Exchange Expts. Shock %
<500 ml. Reservoir AV fistula 84 30 36
700-1,200 ml. Reservoir AV fistula 3 2
left heart
Partial bypass{ or cardio- 20 15 59
pulmonary
>2,000 ml. Reservoir AV fistula 10 9
left heart
Partial bypass( or cardio- 32 32 97

pulmonary
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BLOOD PRESSURE CHANGES FOLLOWING HOMOLOGOUS BLOOD EXCHANGE
IN HUMANS

A Partial Cardiopulmonary Bypass
Time ' 2 minutes
Priming Volume 3000 m:

MEAN ARTERIAL PRESSURE (mmHg)
T

Patient | Patient2 Patient3

8 Left Heart Bypass
Time 2minutes
Priming Volume 300 mi|

BOE
70

60 —

-

50—
40 -

30 =

20—

T

10 +—

MEAN ARTERIAL PRESSURE (mmHq)
T

Patient | Patient2 Patient3

& Prebypass control

B 'mmediately after blood exchange

IO minutes after blood exchange

x Bypass resumed in less than IO minutes because
of falling blood pressure

Fic. 4. (See text.)

The effect of rapid exchange of large
volumes of homologous blood in humans
is illustrated in Figure 4. Despite the fact
that the blood balance was meticulously
maintained at control level, cach patient
experienced a precipitous decline of ar-
terial pressure once arterial perfusion was
discontinued. Contrasted to this are the
findings following rapid exchange of mini-
mal quantities of homologous blood em-
ploving left heart bypass for two minutes
followed by a period of observation. The
hemodynamic status of these patients re-

Tanry 7

No. Dogs No. Shock

. Effect of Autogenous Blood Fxchange
18 0

B. Preliminary Blood kxchange in Dogs Prior
to Cardiopulmonary Bypass

10 10

mained essentiallv unchanged despite com-
parable flow rates and time intervals (Fig.
4).

Canine studies: Eighteen animals had
from 200 to 500 ml. of blood withdrawn
into unsterile heparinized containers. The
dogs were allowed to adjust to this state
over several hours. The autogenous blood
was then used as priming volume for the
reservoir arteriovenous fistula preparation.
Systemic arterial and portal venous pres-
sures were monitored to detect any evi-
dence of the shock syndrome.

Ten additional animals had preliminary
homologous blood exchange for two min-
utes followed by a ten-minute observation
period prior to the onset of total cardio-
pulmonary bypass (priming volume >
2,000 ml.).

The shock syndrome was not detected
in any of the 18 animals having exchange
of autogenous blood. Preliminary homol-
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ogous blood exchange in ten dogs prior to
instituting total cardiopulmonary bypass
was accompanied by manifestations of the
homologous blood syndrome in each case

(Table 7).

Discussion

A disturbing problem often noted with
experimental cardiopulmonary bypass or
hemodialysis has been failure to achieve
satisfactory venous flow rates without
deliberately overloading the circulation.
Systemic arterial hypotension may occur
if the blood balance is not altered. These
features are attended by high mortality
rates especially when the perfusion times
exceed one hour. It has been shown that
these difficulties are the result of ana-
phylactoid reactions from homologous
blood exchange in dogs. The syndrome,
further characterized by portal venous hy-
pertension, hepatic engorgement, splanch-
nic sequestration of blood, and fall of
the buffer base, may be precipitated by
as little as 200 ml. of homologous blood
aseptically drawn from a single donor. In
the dog, the primary target organ for ana-
phylaxis is the liver. A number of stimuli
may incite this response including pep-
tone,"" rattlesnake venom,® ascaris ex-
tracts,'” protamine, bacterial endotoxin,'
and homologous plasma.’ Since naturally
occurring isoantibodies to erythrocytes
occur in only about 15 per cent of random
dogs,*" it is not surprising to find no de-
crease in the incidence of this syndrome in
cross matched animals.

Although clinical extracorporeal circula-
tion initially appeared to be free from these
distressing complexities, as data have been

HOMOLOGOUS BLOOD SYNDROME
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accumulated difficulties have manifested
themselves with relation to 1) satisfactory
maintenance of systemic normovolemia; 2)
unreliability of body weight as a guide to
adequate blood replacement; 3) postopera-
tive pulmonary congestion; and 4) poor
response to perfusion by tiny infants and
by patients requiring prolonged cardiopul-
monary bypass. Despite assiduous attempts
to meticulously replace all blood losses
during total body perfusion, sizeable defi-
cits in the circulating blood volume are
frequently detected by postoperative radio-
isotopic blood volume determinations. Res-
toration of a normovolemic state, as deter-
mined by these methods, is often reflected
by increased body weight. Unfortunately,
the use of arterial and venous pressure
measurements has also proven to be in-
valid as sensitive determinants of satisfac-
tory blood volume replacement.*"

A similar pattern for both dog and man
has been demonstrable by radioisotopic
blood volume and hemodynamic studies.
Shortly after the commencement of massive
homologous blood exchange, the circulat-
ing red cell and plasma volumes begin to
fall. Normotension can be maintained by
venous “overinfusion” or by arterial perfu-
sion. Failure to restore a satisfactory circu-
lating blood volume by infusion of addi-
tional increments of blood is often attended
by hypotension once arterial perfusion is
discontinued. Sequestration increases, how-
ever, for varying time intervals. Preliminary
data suggest that gradually some of the
trapped blood returns to the systemic cir-
culation as exemplified by repetitive blood
volume determinations in a patient who
underwent cardiopulmonary bypass.®

* Preop. 3 hrs. postop. 12 hrs. postop. 3 days postop.
TBV 1,909 ml. 1,501 ml. 1,641 ml. 1,875 ml.
PV 1,221 1,101 1,141 1,292
RCV 688 00 500 583
Bal. 0 1138 4450 +413
A Corrected 0 —330 —724 —H7

TBV
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Thus, a disturbing dilemma appears.
Should one elect to maintain constant
blood balance in the face of the sequestra-
tion phenomenon, postoperative hypoten-
sion frequently becomes a serious problem
with which to contend. The alternative,
immediate restoration of normal circulating
blood volume by infusion of blood, permits
smoother termination of the perfusion pos-
sibly only to result in hypervolemia, pul-
monary congestion, and other related ab-
normalities two or three days later. It is
noteworthy that comparison of lung bi-
opsies taken at the completion of perfusion
with subsequent autopsy specimens in
three patients managed by the latter
method has shown the development of se-
vere pulmonary congestion after re-estab-
lishment of the circulation. The underlying
cardiac lesion and repair could not be in-
criminated as the cause of pulmonary con-
gestion in any of the three. Complete reso-
lution of this dilemma must unfortunately
rest on elimination of the homologous
blood syndrome.

The genesis of the homologous blood
syndrome is not immediately apparent. It
is worthy of consideration, however, that
although elaborate precautions are taken to
type and crossmatch erythrocytes before
blood infusions, the same measures are not
readily available for plasma, leukocytes, or
platelets. It has been well established that
anaphylactoid shock can be produced in
dogs by infusion of homologous plasma.’
Serial electrophoretic studies during and
after clinical bypass have demonstrated
minimal changes except for occasional
slurring between the Alpha 2 and Beta
globulin peaks, but Lee® has observed
striking effects from the infusion of abnor-
mal protein complexes obtained from the
air-luid interface of oxygenator systems.
Since the changes occcurring from both
experimental and clinical blood exchange
appear to be dose related, this militates
against the usual all-or-none antigen-anti-
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body reaction. More subtle leukocyte aller-
gies certainly cannot be excluded at this
time. An attractive hypothesis can be pro-
posed to incriminate platelets. It has been
shown both clinically and experimentally
that platelets rapidly diminish following
the onset of extracorporeal circulation.> ¢
A slower decline may then ensue for the
next few days. Nelson ** has demonstrated
the formation of platelet thrombi at spe-
cific platelet concentrations in homologous
preparations. Moreover, Hardaway and
McKay® have elicited changes in dogs
similar to those produced by homologous
blood exchange by injection of incompati-
ble (human) blood which produces appar-
ent intravascular thrombosis. Curiously,
however, these latter changes were pre-
vented by heparin.

Solution of the dilemma presented by the
homologous blood syndrome may lie in
one of several areas:

1. Elimination of Homologous Blood Prime:

a) Development of non-prime pump-oxy-
genator systems which will still have ade-
quate flow characteristics.1?

b) Utilization of non-“toxic” priming sub-
stances such as dextran, gelatin, etc.1!
The priming requirements of present
high flow systems would necessitate di-
lution of coagulating elements, plasma
proteins and antibodies.

2. Utilization of the Patient’s Own Blood to
Prime the Extracorporeal Unit:

a) Long range blood donation and storage.
The use of stored glycerolized autogenous
blood is being investigated.1t

b) Preoperative exchange transfusion.® Ex-
perimentally this eliminates many of the
measurable phenomena at the time of
extracorporeal circulation. A significant
hazard may lie in the development of
immunological suicide in which the en-
tire antibody mechanism of the recipient
can be neutralized destroying all immuno-
logical responses.’s

3. Removal or Antagonism of the Inciting Blood
Factors

a) Establishment of the responsible blood
element.

b) Identification of the target organ or tis-
sue in humans.
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It obviously is incorrect to attribute all
of the unsolved ills of extracorporeal circu-
lation to the homologous blood syndrome.
Nevertheless, many of the still-clouded
issues of perfusion apparently related to
this phenomenon require further elucida-
tion, including 1) pump fever; 2) post-
operative pulmonary congestion; 3) post-
perfusion anemia; 4) hemorrhagic compli-
cations of prolonged perfusions; and 5)
acidosis associated with prolonged perfu-
sions. Experimental evidence suggests that
each of these difficulties can be produced
by homologous blood exchange under con-
ditions simulating cardiopulmonary bypass.

Summary

A group of phenomena has been identi-
fied in clinical cardiopulmonary bypass
that bears close resemblance to the homol-
ogous blood syndrome in dogs.

The syndrome is characterized by se-
questration of both red cells and plasma in
areas not measurably in communication
with the circulating blood volume as deter-
mined by isotopic means.

Maintenance of a calculated normal
(zero) blood balance during perfusion fre-
quently results in significant systemic hy-
povolemia. Failure to compensate for this
deficiency by infusion of additional blood
may be accompanied by severe postperfu-
sion hypotension.

The evidence suggests that the volume
of sequestered blood is represented by the
difference between the isotopically deter-
mined blood volume change during per-
fusion and the simultaneously calculated
blood balance.

A statistically significant correlation (P <
0.05) is demonstrable between the length
of perfusion and the degree of sequestra-
tion. Moreover, a similar correlation (P <
0.05) exists between the priming volume
of homologous blood and the size of the
patient. That is, there is a striking tendency
for increased sequestration of blood in
smaller patients.

HOMOLOGOUS BLOOD SYNDROME 803

The sudden exchange of large quantities
of homologous blood by a brief period of
partial cardiopulmonary bypass produced
severe hypotension in three patients in
whom this procedure was employed. This
is in contrast to the lack of hemodynamic
alterations in three patients undergoing
rapid exchange of minimal quantities of
homologous blood for a similar length of
time.

Existence of the sequestration phenome-
non appears to militate against the use of
postperfusion weight changes as reliable
guides to volumetric control.

It is speculated that some of the com-
mon clinical complications attending car-
diopulmonary bypass (febrile episodes,
pulmonary congestion and biochemical ab-
errations) may relate to the described
phenomena.

Addendum

It has been possible clinically to ameliorate
many of the difficulties attending the homologous
blood syndrome in two ways:

1. Diluents are substituted for a portion of
the homologous blood. The over-all volume is
unchanged making it unnecessary to restrict flow
rates. One diluent utilized is 5.0 per cent dextrose
and water to which is added 1.0 Gm. of human
serum albumin per 100 ml. The diluent-blood
ratio is approximately 1:2. Four-hour postperfu-
sion blood volume studies have revealed a greater
deficit with hemodilution, possibly the result of
subtle intracorporeal fluid shifts. However, a strik-
ing return of the blood volume toward normal is
generally observed in the ensuing 24 hours. This
is in contrast to the pattern usually observed with
whole blood in which sequestration becomes pro-
gressively more severe during the first 24 hours
following perfusion.

2. Postoperative blood loss is incompletely re-
placed in anticipation of return of part of the
sequestered blood to the circulating blood volume.

These data will be presented in detail else-
where.®

Acknowledgment

We express our appreciation to Caspar C.
McCune, R.T., for the isotopic blood volume

* 35th Scientific Sessions of the American
Heart Association, Cleveland, Ohio, October 1962.



804 GADBOYS, SLONIM AND LITWAK Annals of Surgery

studies; Iris M. Kiem, M.S., M.P.H., for statistical
analysis of the data; and George Chafizadeh, M.D.
and Joanne Rozensky, B.S., for technical assistance.

A portion of the experimental studies were
performed in the Cardiovascular Research Labora-
tory, Presbyterian Hospital, Philadelphia, Penn-
sylvania.

Bibliography

1. Bliss, J. Q., D. G. Johns and A. S. V. Burger:
Transfusion Reactions Due to Plasma In-
compatibility in Dogs. Circ. Res., 7:79, 1959.

2. Dickson, J. F., III, J. W. Dow and N. A. J.
Hamer: Prolonged Venoarterial Pumping for
Circulation Support. Tr. Am. Soc. for Artif.
Int. Organs, 5:210, 1959.

3. Dow, J. W, ]. F. Dickson, III, N. A. J. Hamer
and H. L. Gadboys: The Shock State in
Heart-Lung Bypass. Tr. Am. Soc. for Artif.
Int. Organs, 5:247, 1959.

4. ——: Anaphylactoid Shock Due to Homologous
Blood Exchange in the Dog. J. Thor. and
Cardiovasc. Surg., 39:449, 1960.

5. —: The Effect of Anaphylactoid Shock from
Blood Exchange on Cardiopulmonary Bypass
in the Dog. J. Thor. and Cardiovasc. Surg.,
39:457, 1960.

6. Essex, H. E. and J. Markowitz: The Physio-
logical Action of Rattlesnake Venom. Am. J.
Physiol., 92:317, 1930.

7. Hardaway, R. M. and D. G. McKay: Intra-
vascular Thrombi and the Intestinal Factor
of Irreversible Shock. Ann. Surg., 150:261,
1959.

8. Ingram, P. R., ]J. B. Littlefield and W. H.
Muller: An Experimental Study by the Use
of Exchanged Citrated Banked Blood to
Prime an Extracorporeal Circuit. J. Thor.
and Cardiovasc. Surg., 41:761, 1961.

9. Lee, W. H., Jr., D. Krumhaar, E. W. Fonkals-
rud, O. A. Schjeide and J. V. Maloney, Jr.:

10.

11.

12.

13.
. O’Brien, T. G. and E. Watkins: Gas-Exchange

15.

16.

17.

18.

19.

20.

November 1962

Denaturation of Plasma Proteins as a Cause
of Morbidity and Death After Intracardiac
Operations. Surgery, 50:29, 1961.

Litwak, R. S., A. ]. Gilson, R. Slonim, C. C.
McCune, I. Kiem and H. L. Gadboys: Al-
terations in Blood Volume Following “Nor-
movolemic” Total Body Perfusion. J. Thor.
and Cardiovasc. Surg., 42:477, 1961.

Long, D. W., Jr,, L. Sanchez, R. L. Varco and
C. W. Lillehei: The Use of Low Molecular
Weight Dextran and Serum Albumin as
Plasma Expanders in Extracorporeal Circu-
lation. Surgery, 50:12, 1961.

MacLean, L. D. and M. H. Weil: Hypotension
(Shock) in Dogs Produced by E. coli Endo-
toxin. Circ. Res., 4:546, 1956.

Nelson, R. A., Jr., Personal communication.

Dynamics of Glycerolized Frozen Blood. J.
Thor. and Cardiovasc. Surg., 40:611, 1960.

Panico, F. G. and W. B. Neptune: A Mecha-
nism to Eliminate the Donor Blood Prime
from the Pump Oxygenator. Surg. Forum,
10:605, 1960.

Perkins, H. A., J. J. Osborn and F. Gerbode:
Problems in Coagulation; Extracorporeal
Circulation. Springfield, Ill, Charles C
Thomas, 1958, 253.

Rocha e Silva, M.: Anaphylaxis-like Reactions
Produced by Ascaris Extracts. Arch. Surg.,
52:713, 1946.

Siqueira, M. and R. A. Nelson, Jr.: Platelet
Agglutination by Immune Complexes and
Its Possible Role In Hypersensitivity. J.
Immunol., 86:516, 1961.

Weil, R.: Anaphylaxis in Dogs, A Study of
the Liver in Shock and in Peptone Poisoning.
J. Immunol., 13:1, 1927.

Young, L. E.,, W. A, O’Brien, S. N. Swisher,
G. Miller and C. C. Yuike: Blood Groups in
Dogs. Am. J. Vet. Res., 13:207, 1952.



