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UNTIL RECENTLY, it was agreed that fresh
human plasma is a good blood volume ex-
pander. According to Freedman?!° and
Hutchison,? 2 however, this assumption
must be questioned. These authors demon-
strated that when deep-frozen homologous
(non-autologous) plasma is infused into
normovolemic volunteers, in half the sub-
jects a large amount of plasma leaves the
circulation rapidly. In some cases, this phe-
nomenon is associated with urticarial re-
actions. We previously found that infusions
of human dried plasma and pasteurized
plasma solutions regularly lead to an ex-
pected volume increase.!® 17 1% 20 22 Schpei-
der et al.®® and Ahnefeld and co-workers *
confirmed these results, and recently Hill-
man ?* demonstrated that stored, pooled
human plasma as used in the USA also is a
reliable volume expander. No studies on
the volume effect of fresh autologous and
homologous plasma are available.

The incidence of transmission of viral
hepatitis by fresh plasma transfusions being
very low in Sweden,** this simple prepara-
tion is widely used in this as well as in sev-
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eral other countries, in instances when a
colloid infusion is indicated. However,
stored pooled human plasma, single donor
dried plasma, or pasteurized plasma solu-
tions are preferred in many other countries
both in Europe »'%"%¢ and in the United
States.? 28

Since fresh plasma corresponds to the
plasma contained in ACD banked blood
used all over the world, it seems of impor-
tance to know if such plasma exerts a vol-
ume expanding effect as do stored prepa-
rations. The following study was therefore
carried out to compare blood volume ex-
panding effect of homologous and autolo-
gous fresh plasma infused into moderately
hypovolemic healthy volunteers.

Methods

Seventeen healthy men between 20 and
55 years of age volunteered for this study.
None had a history of renal, cardiovascular
or allergic disease, nor had any previously
received blood or plasma transfusions. Two
weeks before the experimental day, exactly
500 ml. blood from a cubital vein was col-
lected in a 1-liter bottle containing 120 ml.
of ACD solution. The same procedure was
repeated a week later. After another week,
a third bleeding of 500 ml. was carried out
in an average of 7 minutes (min. 5, max.
11) and immediately replaced through the
same large bore needle, by infusing 500 ml.
autologous or homologous plasma. The in-
fusion time took an average of 7 (%=2) min-
utes. In those receiving homologous plasma,
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only plasma with the ABO-Rhesus-groups
of the recipient was used. Volunteers did
not take food nor fluids after midnight be-
fore the experiment and were kept in bed
during the study the next morning.

Immediately prior to the third bleeding,
baseline blood volume (BV;) by means of
the Volemetron-RI*** HSA technic ** and
hematocrit (Hct, ) were determined. At five
minutes and at 214 hours after the infusion,
second (BV;) and third (BV3;) determina-
tions of blood volume—and hematocrit
(Hcty, Hety) were made. Also at one hour
after the infusion, an additional hematocrit
(Hcts) was measured. Pulse, blood pres-
sure and temperature were monitored
throughout the study and repeated exami-
nations were carried out for allergic
reactions.

All samples for blood volumes and hema-
tocrits were taken without a tourniquet; ten
minutes’ mixing time for RI*** HSA was al-
lowed. All hematocrits were determined in
triplicate by a micromethod and on blood
from the postmix sample for blood volume
determination. Hct; was done on blood
obtained by fingertip puncture. Repeated
checks in Wintrobe tube (centrifugation at
3,000 rpm for 30 min.) revealed no signifi-
cant differences compared to microhema-
tocrit determinations. Hematocrit, hemo-
globin and all standard blood groups as
well as the Rhesus genotype, Duffy, Kell
and Lewis factor were determined at each
blood collection. Sedimentation rate, Was-
sermann, Meinicke and Kline reactions
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were also checked. Blood was stored in a
refrigerator at 4° C. until the plasma was
removed the evening before use. The latter
was again stored at 4° C. until 2 hours
before use

Calculation of Blood Volume

By definition, the true blood volume
(BV,) is the sum of red cell volume (RV)
and plasma volume (PV):

BV, = RV + PV. 1

The plasma volume can be expressed as
follows:

PV = (1 — Hcte) X BVn, @

where Hct. is the observed hematocrit cor-
rected for plasma trapping® and BV, is
the blood volume as measured by a plasma
tag (RI*3* HSA) in the Volemetron.

If Hcty, represents the total body hema-
tocrit

s RV
(by definition —m ),

the red cell volume can be expressed as
RV = Hctyp, X BVy,. 3

By substituting (2) and (3) into equa-
tion (1), we find that

BV = Hetgw X BVy: + (1 — Het,) X BV
which reduces to

1 — Hct,

1\ ——L
V‘ I—HCtgb

X BVq. (4)

TABLE 1. Homologous Plasma Infusion. Changes of Hematocrit and Blood Volume (in I)

5 Min. after Bleeding

Baseline Values and Infusion

1 Hr. after End

2% Hr. after End Change of Blood Volume

of Infusion of Infusion at End of Exp. in MI.

Subject Hcet, BV, Hct, BV, Hect, Hect, BV; BV; — BV,
F. A. 36.0 5.74 31.5 5.57 33.5 35.0 5.14 —600
P. Oe. 43.0 4.99 40.5 5.02 41.0 41.0 4.85 —140
W. B. 37.0 5.64 30.5 5.44 33.5 35.5 5.05 —590
1A 38.5 5.32 35.0 5.59 33.5 34.5 5.37 + 50
R. B. 38.0 4.27 34.5 4.02 33.0 35.0 4.31 + 40
E. C. 40.0 5.51 37.0 5.45 36.0 38.5 5.40 —110
0. A. 42.5 4.99 37.5 4.86 37.0 38.5 4.75 —240
0.S. 42.0 4.33 36.5 4.36 36.5 37.0 4.15 —180
A. K. 34.5 5.56 30.5 5.64 32.5 315 5.60 + 40
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TABLE 2. Autologous Plasma Infusion. Changes of Hematocrit and Blood Volume (in I)
5 Min. after Bleeding 1 Hr. after End 23} Hr. after End Change of Blood Volume
Baseline Values and Infusion of Infusion of Infusion at End of Exp. in Ml.
Subject Hct, BV, Hct, BV, Hct, Hct, BV, BV; — BV,
J. M. 38.5 4.68 32.5 4.91 33.0 32.0 4.60 - 80
B. C. 42.5 4.86 39.0 4.92 38.5 40.5 4.63 —230
S. B. 42.0 4.54 39.5 4.45 38.5 39.5 4.46 — 80
L.Th. 37.0 6.02 34.0 6.29 34.0 35.0 6.11 + 90
0. B. 40.5 6.43 39.0 6.24 39.5 39.5 6.16 =270
B. A. 37.0 6.00 34.5 — 35.0 35.5 6.02 + 20
0. H. 40.0 4.80 37.0 4.78 35.5 36.0 4.78 - 20
R. S. 38.0 4.84 33.5 — 34.0 34.5 4.91 + 70
According to Chaplin et al.,* Hety, can Results

be substituted in healthy persons by

Hcty, = 0.91 X Hct.. ©)
Therefore, equation (4) results in
1 — Hct,
BVe = oot x mer, < BV @

All blood volume values tabulated were
calculated according to equation (6) where
Hct, is always the average of three meas-
urements, and BV, is the result read on
the Volemetron.

HOMOLOG.

R =Reaction

10

R

Changes in hematocrit (not corrected for
trapping) and blood volume (BV,,) during
the experimental period for the two groups
receiving homologous (9 subjects) or au-
tologous (8 subjects) plasma are shown in
Tables 1 and 2.

Table 2 shows that the hematocrit drops
(Hct; — Hetp) immediately after substitu-
tion of blood by autologous plasma. After
this, hematocrits (Hcts, Hcty) remain con-
stant for the period of observation (Fig. 2).

AUTOLOG.

BV 2 AND3 IN %
| OFINITIAL VALUE

Fic. 1. Values for blood volume 2, i.e., after replacement of 500 ml, whole blood by homolo-
gous or autologous plasma, and for blood volume 3 (result read 3 hr. after initial blood volume)
for both groups are plotted as % change of initial blood volume, taken as 100%.
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HEMATOCRIT CHANGE IN % AFTER INFUSION

% HOMOLOG.

Initial Value

R=Reaction

60

80

IOOL

120

l40r

S
L4

AUTOLOG.

Fic. 2. Changes in hematocrit after plasma infusion for the two (frouf)s are indicated. The
iately

fall in hematocrit from the first to the second determination (imme:
taken as 100% for each individual. Hets and Hets (end of observation perio

infusion) was

after bleedin(f) and
are

plotted in % increase or decrease of this value. It is evident that the two individuals who showed
a marked decrease in blood volume after homologous plasma administration also had a definite
rise in hematocrit, proving that plasma was lost.

Blood volumes (BV.) are practically un-
changed at 5 minutes after the end of the
plasma infusion. The variation of +34%
is an expression of the error of the method,
BV, at the end of the experiment, aver-
ages 62 ml. lower than the initial value (Fig.
1). This is probably due to the fact that
the plasma infused contained ACD solu-
tion which by this time left the intravenous
space.

In those receiving homologous plasma
(Table 1), seven of nine subjects followed
the same pattern as with autologous plasma,
both concerning changes in hematocrit
(Fig. 2) and blood volume (Fig. 1). Two
subjects (F. A. and W. B.), however, re-
acted differently. After an initial drop in
hematocrit and a BV, unchanged compared
to BV;, hematocrit rose continuously ac-

. companied by a decrease in blood volume
(BV3), thus indicating loss of plasma (600

and 590 ml. ). This loss represents more
than 10% of the total initial blood volume
(BV3), which is beyond the range of error
of the method (Fig. 1).

In Tables 3 and 4, body weight, blood
groups and clinical reactions are shown.
Two individuals in the homologous group
(W. B, E. C.) showed typical transient
urticarial reactions, a third (O. A.) had
chills. One urticarial reaction occurred in
subject W. B. who showed a definitely
lower BVs. Subject F. A. also had a much
lower BV, without a clinical reaction. No
reactions occurred in the autologous group.

Discussion

According to Williams 2 and our own
studies,? 1% 18 blood volume can be deter-
mined with the technic employed here with
an accuracy of +=3%. Tempus and Hiigli %
found an over-all sigma of 2.5%, Kirchner ?°



Volume 165
Number 1

HUMAN PLASMA AS A VOLUME EXPANDER

45

TABLE 3. Homologous Plasma_Infusion. Body Weight, Blood Groups of Recipient and Donor, and Clinical Reactions

Body

Weight Clinical
Subject (Kg.) Blood Groups Blood Groups of Donor Reaction
F. A. 86.0 A Rh+ Rir (CDe/cde) K— Fy (a+) A Rh+ Ra (cDE/cde) K- Fy (a+) P. Oe. —
P. Oe. 80.6 A Rh+ Roa (cDE/cde) K— Fy (a+) A Rh+ Rir (CDe/cde) K- Fy (a+) F. A. —
W. B. 74.2  AB Rh+ RiR:1 (CDe/CDe) K— Fy (a—) AB Rh+ RiR: (CDe/cDE) K— Fy (a—) J.J. Urticaria
1. A, 731 A Rh+ Rir (CDe/cde) K- Fy (a-—) A Rh+4+ Rir (CDe/cde) K- Fy (a+) L.L. —
B. B. 55.8 A Rh—rr (cde/cde) K — Fy (a+4) A Rh-—rr (cde/cde) K- Fy (a+) C.O. —
E. C. 84.9 O Rh+ Rir (CDe/cde) K— Fy (a+) O Rh+ Rir (CDe/cde) K— Fy (a—) O. A. Urticaria
0. A. 73.7 O Rh+ Rir (CDe/cde) K— Fy (a—) O Rh+ Rir (CDe/cde) K— Fy (a+) E. C. Chills
0. S. 74.0 A Rh+ Rir (CDe/cde) K— Fy (a4) A1 Rh+ Rexa (cDE/cde) K— Fy (a+) A. K. —
A. K. 75.2 At Rh+ Rer (cDE/cde) K— Fy (a4) A Rh+ Rir (CDe/cde) K— Fy (a+4) O.S. —

one of 2.24%, confirmed by Myhre and
Rustad.?® Thus, a decrease in blood volume
of more than 500 ml. with an initial value
of about 5,000 ml. seems significant. In con-
trast to Dagher and co-workers,” we (as
others * have previously) measured the re-
moval of about 200 ml. of erythrocytes, in
each instance. The methodological aspects
of this study will, however, be the subject
of a separate paper.

We did not find the same incidence and
degree of volume loss after homologous
plasma infusate as did Hutchison et al.2¢
(50% ). Our results show that fresh homolo-
gous plasma is not always a reliable volume
expander. It is possible that storage of
plasma at 4° C. for 7 to 14 days, as in our
experiments, contrasted to storage at —23°
C. for a few days as in Hutchison’s study,
partly eliminates substances responsible for
plasma leak, whereas storage for 6 months
at 32° C,, freeze-drying or heat-treating
apparently destroys such factors com-
pletely, since preparations stored for 6

months are known to be good plasma
expanders." 21, 22, 25, 38

The nature of the substance causing
plasma loss is not known. Hissig ?* thinks
that immunoglobulins at the cell surface,
also suspected to be the cause of febrile
transfusion reactions, increase capillary per-
meability. These immunoglobulins are de-
stroyed in heat-treated preparations and
possibly denaturated by storing. Melrose
and co-workers 3! have evidence that viable
leukocytes in fresh homologous blood may
initiate a graft-versus-host reaction in the
lung, followed by pneumonitis which
might be associated with plasma loss. Thus,
different numbers of viable leukocytes in
various preparations could be responsible
for the different results.

Gadboys et al.** attempted to isolate a
dialyzable substance, the removal of which
causes hypotension during exchange, with
dialyzed homologous dog plasma. They
previously showed ** that homologous blood
exchange with heart worm-free donors and

TABLE 4. Autologous Plasma Infusion. Body Weight, Blood Groups and Clinical Reactions

Body Weight
Subject (Kg.) Blood Groups Clinical Reaction
J. M. 66.2 A Rh4 Rir (CDe/cde) K— Fy (a+) —
B.C. 73.4 O Rh— rr (cde/cde) K— Fy (a+) —
S.B. 75.8 O Rh+ Rir (CDe/cde) K— Fy (a+) —
L. Th. 80.1 A Rh+4+ RiR; (CDe/cDE) K— Fy (a+) —
0. B. 83.6 O Rh— rr (cde/cde) K— Fy (a—) —
B. A. 103.5 A Rh+ Ror  (cDvE/cde) K— Fy (a—) —
0. H. 79.6 A Rh— rr (cde/cde) K— Fy (a+) —
R.S. 74.7 A Rh+4 Rir (CDe/cde) K— Fy (a—) —
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recipients caused arterial hypotension, he-
patic and pulmonary congestion and de-
pressed renal functions. They reported
plasma volume deficits and significant con-
gestion in the lungs.?

Gliedman et al.** showed that infusion
of homologous blood in dogs causes an in-
crease in inferior vena cava pressure below
the liver with fluid sequestration in the
liver. Autologous blood, low molecular
weight dextran and 5% dextrose did not
cause these changes.

Evidence of rapid disappearance of fresh
homologous plasma has been reported in
rats  (Pareira®), dogs* 23”4 and
man.ZS, 43

Elias and co-workers,® however, did not
find any difference in the effectiveness of
homologous and autologous plasma as a
plasma volume expander in dogs made
severely oligemic by acute hemorrhage.
They think that the reactions seen in nor-
mal dogs are suppressed in shock by cate-
cholamines liberated in response to hypo-
tension. Yet there are other differences
which might explain the disagreement:
They worked with splenectomized, anes-
thetized dogs and plasma was separated by
centrifuging in a refrigerated centrifuge.
Thus, leukocytes or other substances could
have been removed, or the response might
have been mitigated under anesthesia.

Another reason for the higher incidence
and severity of plasma loss in Hutchison’s
study might be that plasma was infused
into normovolemic subjects, though this
would not explain differences between au-
tologous and homologous plasma. Hill-
man 2* showed that the postinfusion hyper-
volemia initiates a compensatory renal
water and electrolyte diuresis to maintain
normovolemia. Homologous stored plasma
infused into hypovolemic subjects pre-
vented this diuretic response and lead to
the expected volume increase. Since we re-
placed removed blood immediately by infu-
sion of the same amount of plasma, volume
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regulating factors probably could not have
played a major role. More important is that
two individuals showed a marked decrease
in blood volume after fresh homologous
plasma transfusion.

The fresh plasma component of whole
blood corresponds to the plasma used in
this study, and it therefore seems important
to realize that this plasma will not always
stay in circulation as long as generally as-
sumed. This is confirmed by clinical obser-
vations in which larger amounts of whole
blood or fresh plasma are needed to cover
exactly measured volume losses.?

Taking into account the sometimes un-
reliable volume effect, the threat of hepa-
titis virus transmission, transfusion reactions
and possibly aggravation of decreased bac-
terial resistance in hypovolemic shock ** by
the administration of ACD banked blood,
it seems justified to use other colloids free
of these side effects in the initial treatment
of hypovolemia,** as long as the red cell
volume does not fall to a critical level. In
view of these facts, the use of autologous
blood in elective operations, as suggested
by Milles 32 and Langston,*® seems reason-
able, but is, unfortunately, not practicable
in emergencies.

Purified albumin and pasteurized plasma
solutions contain the colloid-osmotic effec-
tive portion of plasma and are virtually free
of side effects but use is limited by cost and
availability. Human dried plasma is not
free of hepatitis virus, nor is pooled plasma
stored for 6 months (Personal Communica-
tion, A. G. Redeker), but good artificial
plasma expanders, if needed in combina-
tion with packed red blood cells, do pro-
vide a reliable volume effect since the
colloid-osmotic effect of proteins is impor-
tant in initial shock treatment, and other
specific functions have not been proved.

Summary

The reliability of an infusion of 500 ml.
of fresh homologous and autologous human
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plasma as contained in ACD banked blood
as a volume expander was studied in 17
moderately hypovolemic subjects. Changes
in blood volume were measured directly
with Volemetron-RI** HSA technic and
indirectly from changes in hematocrit. Con-
firming previously reported volume losses
after infusion of deep-frozen plasma into
normovolemic subjects associated with al-
lergic reactions, fresh homologous plasma,
stored at 4° C., provided predictable expan-
sion in only seven of nine subjects. Three
had allergic manifestations, which in one
was correlated with poor expansion of
plasma volume. Volume loss in two sub-
jects receiving homologous plasma was ac-
companied by a concomitant increase in
hematocrit. Administration of autologous
plasma always lead to the expected volume
increase, with the expected hematocrit de-
pression and without allergic phenomena.
It is concluded that in clinical emergencies
the sometimes unreliable volume expanding
effect of fresh homologous plasma (and
thus of ACD banked blood) and other
known side effects of these preparations,
should be considered in selecting the
proper infusion solution.

Bibliography

1. Ahnefeld, F. W., Halmagyi, M. and Ueberla,
K.: Untersuchungen zur Bewertung kol-
loidaler Volumenersatzmittel. Anaesthesist,
14:137, 1965.

2. Allgéwer, M. und Studer, E.: Methodik und
Ergebnisse einer Schnellbestimmung des
Blutvolumens mit Iod** in der Klinik. Lan-
gensbecks Arch. klin. Chir., 301:122, 1962.

3. Bertrand, J. J., Feichtmeier, Th. V., Kolomeyer,
N., Beatty, J. O., Murphy, P. L., Wald-
schmidt, W. D. and McLean, E. B.: Clinical
Investigations with a Heat-treated Plasma
Protein Fraction—Plasmanate®. Vox Sang.,
4:385, 1959.

4. Bliss, J. Q., Johns, D. G. and Burgen, A. S. V.:
Transfusion Reactions Due to Plasma Incom-

atibility in Dogs. Circ. Res., 7:79, 1959.

5. Chaplin, H., Jr. and Mollison, P. L.: Correc-
tion for Plasma Trapped in the Red Cell Col-
umn of the Hematocrit. Blood, 7:1227, 1952.

6. Chaplin, H., Jr., Mollison, P. L. and Vetter, H.:
The Body-Venous Hematocrit Ratio: Its
Constancy Over a Wide Hematocrit Range.
J. Clin. Invest., 32:1309, 1953.

7. Dagher, F. J., Lyons, J. H., Finlayson, D. C.,
Shamsai, J. and Moore, F. D.: Blood Volume

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

HUMAN PLASMA AS A VOLUME EXPANDEP 47

Measurement: A Critical Study. Prediction
of Normal Values: Controlled Measurement
of Sequential Changes: Choice of a Bedside
Method. Adv. Surg., 1:69, 1965.

. Elias, G. L., Gurd, F. N., Hampson, L. G.

and Burgen, A. S. V.: Comparison of Ef-
fectiveness of Autologous and Nonautologous
Plasma in Oligemic Shock in Dogs. Circ.
Res., 11:857, 1962.

. Flanagan, J. P., Steinmetz, G. P., Crawford,

E. W. and Merendino, K. A.: Observations
on Blood Volume with Special Attention to
Loss and Replacement in Cardiac Surgery.
Surgery, 56:925, 1964.

Freedman, S. O., Bliss, J. Q., Hutchison, J. L.
and Burgen, A. S. V.: Cutaneous and Sys-
temic Reactions to Human Plasma. J. Al-
lerg., 31:134, 1960.

Gadboys, H. L.: Blood Volume Changes Dur-
ing Homologous Blood Exchange. Ann.
Surg., 30:353, 1964.

Gadboys, H. L., Litwak, R. S., Ishiguro, ]J.
and Kahn, M.: Experimental Large-Volume
Hemodilution. Circulation, 31/32, Suppl.
I. 121, 1964.

Gadboys, H. L., Litwak, R. S., Kahn, M.,
Kochwa, S. and Buerger, W. E.: Experi-
mental Large-volume Hemodilution with
Plasma (P). Circulation, 31/32, Suppl.
II: 92, 1965.

Gliedman, M. L., Girardet, R. E., Kaplitt, M.,
Stuckey, J. H. and Karlson, K. E.: Inferior
Vena Cava Pressure Gradient in the Homolo-
gous Blood Syndrome. Circulation, 28:727,
1963.

Gruber, U. F. und Siegrist, J.: Der Volumen-
effekt verschiedener Plasmaersatzstoffe. Lan-
genbecks Arch. klin. Chir., 301:128, 1962.

Gruber, U. F.: Diskussionsbeitrag zu Hochs-
pannungsunfall und Nierre, in R. Hauf’s
Beitrige zur ersten Hilfe und Behandlung
von Unfillen durch elektrischen Strom, Heft
3:184 (Frankfurt a.M., Verlags und Wirt-
schaftsgesellschaft der Elektrizititswerke
mbH, 1963).

Gruber, U. F. und Allgéwer, M.: Indikationen
fiir Plasmaexpander, in K. Horatz und R.
Frey’s Schock und Plasmaexpander: 137
(Heidelberg, Springer, 1964 ).

Gruber, U. F. and Allgéwer, M.: The use of
the Volemetron for Blood Volume Measure-
ments. A Critical Analysis. Bull. Soc. Int.
Chir., 23:218, 1964.

Gruber, U. F. and Allgower, M.: Current
Status of Plasma Expanders. Rev. int. Serv.
Santé Armées, 37:751, 1964.

. Gruber, U. F.: Indications des nouveaux ex-

panders plasmatiques. Méd. Hyg., 22:719,
1964.

. Gruber, U. F., Grass, S., Meili-Gerber, E. und

Allgower, M.: Die Beeinflussung der Diurese
durch Verabreichung verschiedener Bluter-
satz- und Plasmapriparate beim leicht hypo-
volimischen Menschen. Helv. chir. Acta,
32:610, 1965.

22. Gruber, U. F., Gerber, E., Grass, S. and All-

gower, M.: Volume Effects of New Plasma
Expanders in Hypovolemic Subjects. Proc.
Xtﬁ Congr. int. Soc. Blood Transf., Stock-
holm 1964, 1116 (Karger, Basel, 1965).



48
23.

24.

25.

26.

27.

28.

29.

30.

31

GRUBER AND BERGENTZ

Guyton, A. C., Lindley, J. E., Touchstone, R.
N., Smith, C. M. and Batson, H. M.: Ef-
fects of Massive Transfusion and Hemor-
rhage on Blood Pressure and Fluid Shifts.
Amer. J. Physiol., 163:529, 1950.

Hissig, A.: Diskussionsbemerkung betr. febrile
Transfusions-reaktionen und antileukocytire
Isoimmunisierungen. Bibl. haemat., 16:388,
1963.

Hillman, R. S.: Pooled Human Plasma as a
Volume Expander. New Eng. J. Med,
271:1027, 1964.

Hutchison, J. L., Freedman, S. O., Richards,
B. A. and Burgen, A. S. V.: Plasma Volume
Expansion. and Reactions After Infusion of
Autologous and Nonautologous Plasma in
Man. J. Lab. Clin. Med., 56:734, 1960.

Hutchison, J. L. and Burgen, A. S. V.: Infu-
sion of Non-autologous Plasma—Effects of
Chlorpheniramine, Prednisolone and Adrenal-
ine. Brit. med. J., 2:904, 1963.

Hyde, G. M., Berlin, N. 1., Parsons, R. J. and
Whittington, B.: The Blood Volume Expan-
sion Produced by Gelatin, Serum Albumin
and Plasma, Surg. Gynec. Obstet., 95:657,
1952.

Kirchner, E., Hundeshagen, H. und Graul, E.
H.: Ueber die Fehlerbreite der “Blutvolu-
menbestimmung” mit RISA im Volemetron.
Atompraxis, 9:373, 1963.

Langston, H. T., Milles, G. and Dalessandro,
V.: Further Experiences with Autogenous
Blood Transfusions. Ann. Surg., 158:333,
1963.

Melrose, D. G., Nahas, R., Alvarez, D., Todd,
I. A. D. and Dempster, W. J.: Postoperative
Hypoxia after Extracorporeal Circulation. A
Possible Graft Against Host Reaction (Pre-
liminary Communication). Experientia 21:
47, 1965.

32.

33

34.

35.

36.

37.

38.

39.
40.

41.

42,

43.

Annals of Surgery
January 1967

Milles, G., Langston, H. and Dalessandro, W.:
Experiences with Autotransfusions. Surg.
Gynec. Obstet., 115:689, 1962.

Myhre, E. and Rustad, H.: Blood Volume De-
termination with Cr* Labelled Red Cells.
Acta chir. scand., 125:197, 1963.

Norgren, L., Nilsson, L. A. and Ryttinger, L.:
Posttransfusions hepatit. Svenska Lik. Tidn.,
63:2996, 1966.

Ollodart, R. and Mansberger, A. R.: The Ef-
fect of Hypovolemic Shock on Bacterial De-
fense. Amer. J. Surg., 110:302, 1965.

Pareira, M. D., Serkes, K. D. and Lang, S.:
Enhanced Efficacy of Plasma After Aging in
Treatment of Tourniquet Shock. Proc. Soc.
Exper. Biol. Med., 115:660, 1964.

Remington, J. W. and Baker, C. H.: Plasma
Volume Changes Accompanying Reactions
to Infusions of Blood or Plasma. Amer. J.
Physiol., 197:193, 1959.

Schneider, K. W., Kliitsch, K. und Gathof, A.
G.: Blutvolumen-Bestimmungen mit dem
Volemetron-Apparat nach Infusion von
pasteurisierter Plasma-Protein-Losung. Xth
Congr. Int. Soc. Blood Transf., Stockholm
1964, Abstract P4:2.

Tempus, P. and Hiigli, H.: Personal Commu-
nication.

Wasserman, K. and Mayerson, H. S.: Plasma
and Dextran Infusions Following Hemor-
rhage in Dogs. Fed. Proc., 11:168, 1952.

Wilson, B. J. and Adwan, K. O.: A Critical
Assessment of the Use of Blood Transfusions
During Major Gastric Operations. Arch.
Surg., 80:760, 1960.

Williams, J. A. and Fine, J.: Measurement of
Blood Volume with New Apparatus. New
Eng. J. Med., 264:842, 1961.

Wollheim, E., Schneider, K. W., Zissler, J. und
Eifert, M.: Verinderungen der aktiven
Plasma- und Blutmenge nach Plasma- und
Bluttransfusionen. Cardiologia, 21:321, 1952.



