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It is generally recognized that ex-
change transfusion, performed in due
time and with an adequate volume
of blood, is the only reliable method
of preventing the development of kern-
icterus in the newborn. Exchange
of blood has the purpose to remove
indirect bilirubin from the organism,
and —in cases of blood-group incom-
patibilty —to rid the organism of the
antibodies and of sensitized foetal
erythrocytes, the sources of toxic
pigments.

The efficiency of exchange trans-
fusion depends, therefore, on the ex-
tent to which it helps in removing

(1) sensitized red corpuscles from
the circulation, before their break-
down;

(2) accumulated indirect bilirubin
from the organism.

The performance of the first task is
easy because erythrocytes are con-
fined to the intravascular compart-
ment. The determination of circulat-
ing blood volume presents no diffi-
culty. This is the reason why earlier
workers — approaching the problem
theoretically, by means of model
experiments or in clinical practice —
tried to express the efficiency of

exchange transfusions by the mass
of exchanged erythrocytes.

The performance of the second task
is far more difficult. Extiavasating,
indirect bilirubin inundates the extra-
vascular compartment, enters the
cerebrospinal fluid and invades the
tissues. The manner and extent of
such distribution of the pigment are
still largely a matter of speculation.
We possess insufficient knowledge
regarding the role played in this
respect by the wall of the vessels, the
cell membranes and the blood-cere-
brospinal-fluid barrier. Neither do we
know the further fate of the pigment
in the tissue cells. We have but scanty
data concerning the laws which govern
the reflux of bilirubin into the blood-
stream and the extent to which this
process is influenced by the aforemen-
tioned factors.

It was with a view to obtaining
answers to the many open questions
in connection with bilirubin metabo-
lism that we began to study the
changes in bilirubin level during
exchange transfusions. We propose to
present a brief survey of the perta-
ining literature before giving an ac-
count of our results.
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Wassermann et al. [14] were the
first to demonstrate that, as regards
red corpuscles, the efficiency of ex-
change transfusion can be represented
by an exponential function. It ex-
presses the ratio between the res-
pective amounts of the original and
the newly introduced erythrocytes.
Employing the symbols used by
Allen and Diamond, the formula is

V — S\n

where R = proportion of the infant’s

remaining erythrocytes

V = original blood volume of
the baby in ml

8 = single dose of exchanged
blood, i. e. size of syringe
in ml;

n = number of doses removed

and replaced.

The results of theoretical computa-
tions were checked by means of expe-
riments in vitro and serological tests.
If red corpuscles labelled with radio-
active phosphorus are placed in a
closed compartment and the fluid
therein exchanges by means of a
syringe with the usual technique of
exchange transfusions, activity will
decrease according to the above for-
mula [15]. The method of differential
agglutination gives similar results for
mixtures of erythrocytes of different
serological properties.

The said experimentally verified for-
mula used to serve for a long time as
aguidance for determining the volume
of blood to be exchanged. It was gen-
erally held that efficiency moved
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around 80 to 95 per cent if double the
amount of circulating blood was
exchanged [3, 4], Dost [5], on the
evidence of mathematical calculations
concerning the efficiency of exchange
transfusions performed with different
methods, came to the conclusion that
not more than 10 percent of the orig-
inal erythrocytes remained after 2
to 2.5 times the amount of circulating
blood had been exchanged. He esti-
mated the efficiency merely according
to the exchanged mass of red corpus-
cles, and it was only in connection
with freely moving antibodies that he
mentioned their removal from the
extravascular space as a possible fur-
ther aim of blood exchange. It should
be noted that the actual efficiency of
an exchange transfusion is somewhat
inferior to the theoretical one because
that volume of blood which corre-
sponds to the capacity of the cannula
inserted in the umbilical vein is not
exchanged but keeps streaming to
and fro.

Lathe [10] was the first to focus
attention to the fact that the decrease
in the serum bilirubin level during the
process of blood exchange remains
behind the theoretical curve of eryth-
rocyte exchange. Relying on the
evidence of 10 cases ofincompatibility
and 10 cases of hyperbilirubinaemia,
lie stated moreover that the total vol-
ume of bilirubin removed in the
course of exchange transfusion ex-
ceeded the amount of the originally
circulating pigments. He explained
this phenomenon with the reflux of
pigment from the tissues during blood
exchange.
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K teinhauer and Betke [9] studied
in 6 cases the simultaneous changes
in the level of serum bilirubin and in
that of foetal haemoglobin in the
course of blood exchange. The foetal
haemoglobin is a good indicator of the
amount of the remaining original
red corpuscles, since its amount is
70 to 95 per cent in the erythrocytes
of the newborn, while there is hardly
1 per cent in the blood of adult
donors. The fall of bilirubin con-
centration was also in Kieinhauer
and Betke’s cases less than the
decrease of the foetal haemoglobin
level; it amounted to 90 to 95 per
cent after the exchange of 400 to 600
ml of blood.

Brown and Zuelzer [2] studied 7
cases with a similar method and pre-
sented the diagram of 5 exchange
transfusions which likewise showed
that the level of bilirubin decreased
less than that of foetal haemoglobin.
They recognized and stressed that
exchange transfusion had to aim at
the removal of both erythrocytes and
bilirubin, and that the removal of the
latter was the sole aim in cases of
hyperbilirubinaemia. They studied
the laws governing the outflow of the
pigment from, and its reflux to, the
blood path, and coined the term
“rebound phenomenon” for the reflux;
they explained the significance of this
phenomenon in the repeated post-
exchange elevations of the bilirubin
level. 5 to 10-minute interruption of
the process of blood exchange led to
increases in the serum bilirubin con-
centration, and they drew the con-
clusion that slow and massive ex-

change transfusions were favourable
for the removal of extravascular
bilirubin.

Forfar et al. [6] studied 45 cases
of exchange transfusion with a view
to observing the influence of volume
and rate upon efficiency. While the
significance of the quantity of biliru-
bin removed from the organism had
been recognized by earlier authors as
well, they were the first who regarded
the amount of pigment removed from
the circulation and the tissues as a
criterion of efficiency. They found the
intervention most efficaceous when
the volume of exchanged blood
amounted to 80 to 90 ml/Ib (i. e. about
170to 200 ml per kg). The most favour-
able rate appeared to be about 0.8
ml/Ib/min. The exchange of more
blood, although it may mean the
removal of more pigment, is held by
the said authors to be uneconomical.
Again, a higher exchange rate than the
said one leads to less efficiency and
higher risks. It is worthy of note that,
according to them, a slowing-down
of the rate of exchange does not im-
pair the efficiency of the intervention :
no change in efficiency was observed
even if the intervention lasted several
hours after the rapid exchange of the
first fraction of about 100 ml/kg.

Material and Method

In the course of 1960 we studied, in
connection with 30 exchange transfusions,
the development of serum bilirubin con-
centration before the exchange and after
the exchange of each 100 ml fraction of
blood. The distribution of our material
was as follows:
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Nature of disorcer:  No of cases: No of
Qg Qerne

Rh incompatibility 10 16
ABO incompatibility 4 5
Double incompatibility 2 3
Hyperhilirubinaemia 6 6

The mean weight of the infants was
2900 g: our material contained only 3
prematures with comparatively high body
weights (2200 to 2300 g).

Details concerning our studies have
been assembled in Table I. It shows the
sex and birth weight of the infants,
their and their mothers’ blood group, the
incompatibility (if any) between mother
and child, and the result of Coombs’
tests. Sensitization could not be demon-
strated in three cases of Rh incompatibility
and neither of the two cases of double
incompatibility.

Table | shows moreover the time when
the interventions began; the total amount
of exchanged blood and its ratio to the
weight of the infants: the blood group
of donors. It is with a view to emphasizing
the importance of the intervention being
performed in due time that we indicate
the precise age (in days and hours) of the
infants at the beginning of the intervention.
The rate of the transfusions isnot indicated:
it was 100 ml/15 min. throughout and did
not, therefore, affect the evaluation of
our results.

Further columns of Table | indicate
the changes in serum bilirubin level during
transfusion. Exchange transfusions were
invariably performed through the umbilical
vein, in fractions of 20 ml. The intervention
began with the withdrawal of 20 ml of
blood. The method of Gnér and Jen-
drasslk [7] was used for bilirubin deter-
mination.

In the diagrams, the level of indirect
bilirubin at the outset of the intervention
is taken as 100 per cent, and all other fig-
ures refer to this value, while Table | indi-
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cates the percentual reduction of bilirubin
concentration during blood exchange.
The last columns of Table I show the
amount of bilirubin removed from the
circulation and the tissues. The quantity
of bilirubin removed from the blood paths
was arrived at the following formula:

(BxsP)  ((Be P) where

iBi = level of bilirubin at the beginning
of exchange transfusion

B2= level of bilirubin at the termination
of exchange transfusion

P = amount of circulating plasma.

The volume of circulating blood was
taken as amounting to 10 per cent, and
that of circulating plasma to 5 per cent, of
the body weight. (The mean haematocrit
value amounts to 50 in the newborn.)

The determination of the amount
removed from the organism means a more
arduous task.

If we multiply the value for bilirubin
at the end of transfusion by the amount
of removed plasma we obtain ,,the mini-
mum mass of bilirubin withdrawn” from
the organism (Forfar, [6]). The true figure
will obviously exceed this value. We can
obtain the real value if we determine the
amount of removed pigment in each single
fraction of exchanged blood or if we mix
all fractions with heparin and establish
the concentration of bilirubin in the
mixture.

These procedures are laborious, and
so we tried to arrive at the real value by
mathematical means. We were helped
in this by the curve illustrating the drop
of the pigment level during 30 exchange
transfusions. By dividing the exchange
of 100 ml of blood, computing the mean
bilirubin concentration at the beginning
and at the end of each section, and by
multiplying this value with the amount
of plasma withdrawn in the given section
(always 50 with our present method),
we obtain the approximative quantity
of removed bilirubin in respect of that
section. Adding up all these sectional
values we arrive at the approximative
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total value of bilirubin withdrawn during
the entire procedure:

(at 4- a2 a2 -f-a3
* = «(— + o~ o+ +

an —14-anl
+ - 2= ) =

:S('T"+02 +03+....+ ~f) wWae

B = amount of bilirubin withdrawn

S = amount of plasma withdrawn be-
tween two measurements (i.e. 50 in
our cases)

al, a2, an = bilirubin level for each cor-
responding 100 ml fraction of exchan-
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of the two columns will make it evident
that the real value of removed pigment
was far in excess of that resulting from the
usual computations.

Results

Fig. 1 shows the decrease in bili-
rubin level in 30 exchange trans-
fusions. The similarity of the curves
is well perceptible notwithstanding
the scatter of values.

Fig. 2 shows the mean values in
respect of transfusions made in dif-

ged blood. f t C bs’ iti
Table | indicates both the minimum eren FJrOUpS ( qu S pC_)SII '_Ve:
and the “real”, i. e. approximative total Coomb_s_ ne_gatlw_e incompatibility;
mass of withdrawn bilirubin. A comparison  hyperbilirubinaemia; repeated ex-
;40
30
20-
& 200 so!o 40 500 eg_mlo_ ______ 800 900
‘ exchanged blood, mi
Fig. 1
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Table x
Blood group of Blood exchange
(l)\ak? Name Sex v?elirctjﬂt Infant  Mother p'a“tcigm‘y Coombs ( dTaiWﬁr) Volume  mifkg §

I G. K. 9 3150 B+ AB— Rh + l, 21 900 285 B—
2. B. R. 2 2800 AB+ B+ 0 — 8, 350 125 AB+

3. K. E. 9 3400 o+ 0+ 0 — 5, 16 900 265 o+
4. P.Zs.11. 9 2900 A+ 0+ AO — 7, 600 206 A+
5. K. G 9 2650 A+ 0+ AO — 3, 11 300 115 A—
6. M. J. 9 3000 A+ A— Rh + 0, 10 900 300 A—
7. 1. 3, 1 900 300 A—
8. P. A 9 2900 A— A+ 0 — 5, 18 700 240 A—
9. R.S.II. & 3100 A+ A— Rh + 2, 900 290 A—
10. Sz. Z @ 3000 A+ Oo— Rh — 2, 900 300 A—

AO

11. Y. R 9 3200 B+ 0+ BO — 1, 7 950 296 B+
2. C A 9 2250 B+ B+ 0 — 5 14 800 360 B+
13. M. 1. & 2300 B+ AB— Rh — 4, 13 700 304 B—

14. Sz E. 9 3500 B+ O— Rh — 2 14 900 257 B+
15. 1. 4, 600 172 B—
16. G. K. 9 3300 o+ A— Rh + 3, 900 272 Oo—
17. 1. 4, 600 181 o—
18. G. E. 9 3050 o+ o— Rh + 112 900 295 Oo—
19. 1. 1, 12 900 295 0—
20. 1. 2, 12 700 233 0o—
21. L. M 9 3000 o+ Oo— Rh; + 1, 23 900 300 0o—
22. Sz. Zs. 9 3400 B+ Oo— Rh _ 2, 5 700 205 B—

BO

23. 1. 4, 700 205 Oo—
24. B. A 3 3200 B+ A+ 0 — 3, 800 250 B+
25. L. J. 9 2400 A+ 0+ AO — 2, 21 700 293 A—
26. 1. 5 21 800 333 A—
217. P. J. < 2600 A+ AB— Rh — 2, 13 500 191 A—
28. A. J. 3 2200 A+ A+ 0 — 6, 7 400 182 A—
29. H. N. 9 2540 A+ A— Rh + 0, 12 720 288 A—
30. 1. 1 14 800 320 A—

-f- up to the last values of the series.
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Serum hilirubin level after the exchange of Mess of removed hilirubin
ewg 00 200 300 400 500 600 700 800 900 R Cim_ from organism
§ creese  “tion .. .
= ml of blood minimil  real

183 114 101 9.3 8.2 6.2 58 55 51 45 76 21.73 20.25 36.50

220 19.0 144 10.0 45 16.80 15.00 24.70
240 221 190 176 174 152 132 130 76 72 70 28.56 32.40 70.35
234 228 221 190 158 93 9.0 62 20.88 27.00 52.60
210 143 114 105 50 12.72 17.10 20.75
142 — — 10,2 — — 78 6.0 59 54 67 13.20 24.30 41.20
225 214 140 114 114 101 82 78 6.0 68 73 23.25 27.00 53.67
221 162 161 131 114 107 83 73 68 21.46 2555 45.25

293 222 189 17.2 170 165 142 133 119 105 66 28.83 4725 75.35
190 158 132 120 120 108 84 69 57 50 74 21.00 2250 48.40

142 — — — 8.4 70 61 47 40 39 76 16.48 17.55 33.12
242 175 147 123 105 104 81 67 48 80 21.82 1920 47.35
30.0 237 210 182 16.7 13.7 124 124 59 20.24 43.40 63.75
304 196 17.2 158 136 98 95 88 86 78 74 39.55 35.10 61.00
221 152 109 101 9.1 75 73 67 2590 21.90 33.75
320 234 202 190 160 152 136 117 92 — 64+ 37.62 4140 69.85
26.6 202 18.0 15.0 140 128 107 57 26.34 32.10 49.32
226 186 172 15.0 — 138 131 129 115 100 60 16.21 45.00 66.40
251 157 138 129 122 115 112 105 100 9.6 62 23.63 38.40 57.55
29.0 235 200 154 128 124 — — 58+ 2531 4340 46.20
16.0 12.0 106 100 9.2 88 80 72 68 58 74 1530 26.10 41.75
19.2 125 112 9.2 8.8 86 76 71 64 20.57 2485 3552
265 218 21.0 147 115 73 45 35 87 39.10 1225 47.90
19.2 125 9.5 9.0 4.8 79 69 67 59 76 21.28 23.60 34.92
223 167 13.0 121 10.6 86 65 71 16.36 22.75 37.70
200 144 120 106 8.8 6.2 50 45 20 90 21.60  8.00 36.25
146 127 106 9.2 8.8 — 38+ 754 22.00 22.10
253 177 158 154 128 50 13.75 25.60 33.97
190 172 150 138 102 86 74 6.6 66 1587 23.76 4250
237 225 192 173 159 150 140 125 122 49 1472 48.80 67.17

6* Acta paediat. hung. Voi. 2,



256 J. Rosta :

Residual Bilirubin

a 100 200 3&) 400 SP%|((S)88~’T(])1? 800 900

Pig. 2

changes). Certain cases of blood
exchange have been included twice
(e. g. a second exchange on account of
Rh incompatibility), and so Fig. 2
contains a total of 40 observations
(the four groups are composed of 12,
12, 6 and 10 cases, respectively). It is
seen that the curves run practically
similar courses. The slower decrease of
pigment concentration in the Coombs
positive group during the second
phase of exchange may have been due
to haemolysis, a phenomenon which
was most pronounced in this group.

The curve representing the mean
values for all our 30 cases is shown in
Fig. 3 together with the curve repre-
senting the exponential function
which expresses the theoretical value
of the exchange of red corpuscles. It
can be seen that the first curve is
considerably less steep than the se-
cond, a phenomenon due to “re-
bound”, i. e. the reflux of bilirubin
from the extravascular space into the
circulation. The curve in the lower
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Pig. 3

part of Fig. 3 shows the extent to
which the rebound phenomenon im-
peded the reduction of pigment con-
centration. Rebound, i.e.  reflux,
was increasing during the first phase
of transfusion which, in our cases,

+  Coombs +  incompatibili

0 Coonts - _irmmaﬁbilit?//
Hyperbiiirubineemia

1D 200 250 300 350
exchanged blood, mi/kg

Pig. 4
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meant the exchange of 1.5 times the
circulating blood. It remained station-
ary during the second phase when
the exchanged amount had reached
the threefold of circulating blood. This
would mean that, in the second phase,
approximatively the same amount
of bihrubin streamed back to the
circulation as had been removed
therefrom.

Fig. 4 shows the correlation between
the volume of exchanged blood and
the decrease in bihrubin concentration
during the intervention. It can be
seen that —within the given limits —
an increase in the volume of ex-
changed blood went hand in hand
with the decrease in the concentration
of bilirubin.

Fig. 5 illustrates the relationship
between the volume of exchanged
blood and the mass of pigment which
— according to our calculations —
had actually been removed from the
organism. Although an increase in the
exchanged amount of blood generally
meant an increased amount of re-
moved pigment, the varying effi-
ciency of transfusions with and above
300 ml/kg is a phenomenon that
requires further investigations.

Discussion and Conclusions

It has been pointed out at the be-
ginning that the chief purpose of
exchange transfusion is the removal
of bilirubin from the organism. It is
for this reason that this study does
not deal with the removal of red cor-
puscles, a subject which has been ela-
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borated amply both theoretically and
experimentally.

We have likewise pointed out that
it is not easy to ascertain the possibil-
ities of bihrubin removal. Reliable
conclusions in this respect can be
reached only if one knows the exact
amount of indirect bilirubin accumu-

30-
0-

gwo- 0

0]
150
t<0 o

(o]

%30

+ Coombs + incomp.

o Coombs — incomp.

]O - Hyperbilirubmaemia
Jo 200 2s0 300 350
exchanged blood, ml/kg
Fig. 5

lated in the entire neonatal organism
at any given moment. However, all
we are at present able to determine
more or less exactly, is the amount of
bihrubin in the blood vessels, while
we have to resort to estimates as
regards the bilirubin contained in the
intracellular space. Its amount may
be accepted about the eightfold of
that circulating in the bloodpaths,
since the ratio between the volume
of plasma and the capacity of the
intercellular space is about 1:8 in
newborn infants (Kerpel-Fronius).
Direct evidence regarding bihrubin
level and contents of this space is still
lacking.

There are some data that all kinds:
of neonatal jaundice, including phy-
siological jaundice, lead to an increase
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in the amount of bilimbin level in
the cerebrospinal fluid [13]. There is,
however, no linear relation between
the biliiubin level of the serum and
that ot the cerebrospinal fluid. A more
pronounced correlation exists be-
tween the respective cerebiospinal
levels of protein and biliiubin. Indi-
rect biliiubin in both the intia- and
ext avascular compaitments is bound
to albumin, and each g of albumin was
found to be capable of binding 15 mg
of bilirubin. It is, therefore, safe to
assume that albumin plays a signifi-
cant role in the distribution of biliiu-
bin and even influences the perme-
ability of the blood-cerebrospinal
fluid barrier to pigments [12]. The
pa allelism between albumin contents
and biliiubin level admits, tl us, of
conclusions concerning the amount of
ext avascular pigment with the pro-
viso only that conditions in respect
of proteins are the same in both
regions of the body.

Even less is known concerning the
amount of biliiubin accumulated in
the tissues. All we know is that fat
tissue, the brain and the intima of
vessels bind bilirubin comparatively
more rapidly and less reversibly than
the other tissues. This is one of the
aetiological factors of hyperbiliiubi-
naemia in the premature infant. It
should be noted in connection with
the pigment metabolism of tissues
that apait from the backflow into the
ext acellular space the breakdown of
biliiubin, too, may have to be reck-
oned with. It must be borne in mind,
further, that in the case of jaundice
due to incompatibility a great number
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of erythroblasts and sensitized eryth-
rocytes may disintegrate not only
in the blood paths but also in the
blood depots and at the sites of extia-
medullary haemopoiesis — all of
them fuither sources of indirect bili-
lubin. It is chiefly in animal experi-
ments that these as yet obscure as-
pects of biliiubin metabolism will
have to be studied, since even the
routine withdiawal of cerebrospinal
fluid from human newborns would
involve unnecessary risks. We have
to content ourselves at present with
clinical observations and the available
methods in estimating the efficiency
of exchange tiansfusions.

The result of our experiments
justify the following statements:

() The decrease of the biliiubin
level during an exchange transfusion
remains behind the extent of erythro-
cyte exchange. This is due to the
rebound phenomenon. Retarded eryth-
rocyte exchange is most pronounced
in cases of Coombs positive incom-
patibility. It seems to follow that
haemolysis, continuing during ex-
change transfusion, may impair the
efficiency of the intervention, to some
extent at least.

(2) The intensity of the rebound
phenomenon was found to increase
in the first phase of transfusion, du-
ring which 150 per cent of the origi-
nally circulating blood volume were
exchanged. The balance between the
reflux and removal of biliiubin re-
mained stationary in the second
phase, during which another 150 per
cent of the originally circulating blood
volume were exchanged. It may be
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concluded that transfusions with a
threefold blood exchange promise the
best results for the utilization of the
rebound phenomenon, i.e. the removal
of biliiubin.

(3) The observation that increasing
the volume of exchanged blood brings
about a pronounced decrease in the
bilirubin level is a further argument
in favour of an exchange three times
the original volume of circulating
blood.

(4) Mathematical computations
have led us to agree with the repoits
according to which the actual amount
of biliiubin removed from the organ-
ism by way of exchange transfusion
is considerably in excess of the amount
of pigment contained in the circulat-
ing blood at the beginning of trans-
fusion, provided the volume of ex-
changed blood is sufficient. This lias
always been regaided as the most
convincing proof of the rebound phe-
nomenon. The real value of removed
biliiubin, as determined in our expe-
riments, shows that consideiable
amounts of the pigment may accumu-
late in the neonatal organism.

(5) A correlation has been found to
exist between the increase in the
volume of exchanged blood and the
amount of removed biliiubin; yet, in
some instances, the exchange of three
times the circulating blood did not
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yield as favourable results as could
have been expected on the evidence
of other comparisons. This may have
been due to unknown factors which
affect the metabolism of bilirubin and
become particularly operative in such
cases because the said correlation
seems to be most complex at this
stage.

(6) Numerous authors have tried to
ascertain whether it was by a single
substantial exchange of blood or by
two less substantial exchanges, made
with a shoit interval, that more bili-
rubin could be removed [8]. Since we
did not repeat the transfusion within
6 hours, we are not in a position to
express an opinion on this subject.
Observations of post-exchange “re-
bound” are now in progress which
might supply fuither data concerning
the problem.

(7) According to our clinical obser-
vations and experiments, exchange
of three times the original circulating
blood volume has to be carried out for
the treatment of icterus gravis in the
newborn. The incidence of complica-
tions is minimal if the exchange is
performed with adequate care and
rapidity (we observed complication
but in a single instance in the course
of the present series, and it occurred
during the first phase of the ex-
change).

Summary

Changes in the serum bilirubin level
were studied during 30 exchange
transfusions performed on newborn
infants. Owing to the rebound phe-

nomenon, the decrease in the concen-
tration of bilirubin remained behind
the extent of erythrocyte exchange.
This lag was most pronounced in
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ombs positive cases of Rh incom-

patibility. Exchange of three times
the volume of circulating blood seemed

to

the rebound phenomenon and

warrant the best utilization of
S0

the most radical purification of the
organism from indirect bilirubin. An
attempt has been made to determine

1

o o

~

o]

.Forfar, J. O, Keay, A. J,,

Serum Bilirubin during Exchange Transjusion

the true amount of bilirubin removed
by the exchange transfusion. Its result

is

a further argument in favour of

threefold exchange.

The author is indepted to Drs. I. Hitt-

ner, J. Szabo and M. Kocsis for the surgi-

cal

interventions and to Mr. J. Nagy

and Mrs. D. Szirtagyi for technical assist-
ance.
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