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flow at 2,900 ml./sq.m./min. was applied, but it was
impossible to maintain an arterial pressure of more
than 60 mm. Hg, and the venous pressure was raised
(25 mm. Hg). The temperature was kept between
37.5° and 38°. The patient survived the operation but
has shown no improvement.
Case R14 was a 1-year-old girl, who was perfused

with a flow of 2,300 ml./sq.m./min. The blood
pressure was satisfactory as were the other circum-
stances of the perfusion, and the temperature was
normal. No explanation is available for the heavy
drop in standard bicarbonate, except that the arterial
flow may scarcely have been sufficient for this patient.
The diagnosis was total anomalous pulmonary
drainage, and it was impossible to make a satisfactory
surgical correction. The patient died during the first
post-operative 24 hours.
HAEMOLYSIS. The haemolysis, expressed as

mg.% free haemoglobin in serum, was examined
at the end of the perfusions. The mean values
for both groups collectively were in the mark III
series 35 mg. % and in the Rygg-Kyvsgaard III
series 58 mg. %0. In the Rygg-Kyvsgaard III series,
in which a varying number of suctions was applied,
no correlation was found between the number of
intracardiac suctions and the degree of haemolysis.
BLOOD CELL COUNTS.-Before, during, and after

each perfusion a platelet count and a leucocyte
count (including differential count) was taken.
Fig. 7 shows the result of the platelet count for
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FIG. 7.-Thrombocyte counts before, during, and after the perfusion.

groups 1 and 2 collectively. Apart from some-
what lower values in the donor blood of the mark
III series, no evident variance is found between the
two materials.

Fig. 8 shows the changes for both groups
collectively in the total number of leucocytes
before, during, and after the perfusion. Here, too,
the values in the donor blood are lower in the
mark III series than in the Rygg-Kyvsgaard III
series. At the change-over to perfusion, the values
in the Rygg-Kyvsgaard III series correspond to
a mixture of donor blood and blood from the
patients, whereas in the mark IlI series the
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FIG. 8.-Leucocyte counts before, during, and after the perfusion.

values were not raised to this level until at the
end of the perfusion. Only 15 minutes after
the perfusion a commencing upwards dispersal
of the number of leucocytes is seen.
The results of the differential count are seen in

Fig. 9. The total heights of the columns indicate
the mean of the total number of leucocytes at the
time when the test was made (cf. Fig. 8). The
various hatchings show the mean of the various
groups of cells on the basis of 22 registrations in
each series, except for the last set of samples, in
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FIG. 9.-Differential leucocyte counts before, during, and after the

perfusion.

which only 13 registrations were made in the Rygg-
Kyvsgaard III series and nine in the mark III
series. The content of granulocytes is about 60%
lower in the donor blood than in the blood of the
patients before the perfusion. At the beginning
of the perfusion, the number of granulocytes in
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the Rygg-Kyvsgaard III series corresponds to a
simple mixture of blood from patients and donors,
whereas the number of these cells in the mark III
series is lower in this test than might have been
expected from a simple mixture. During the per-
fusion, however, the granulocytes in the mark III
series increase to the same number as in the Rygg-
Kyvsgaard III series.
There is practically no change in the lympho-

cytes before, during, and after the perfusion, and
the changes in the number of leucocytes during the
perfusion may thus be ascribed almost exclusively
to the condition of the granulocytes.
SERUM PROTEIN.-Fig. 10 shows the changes in

the values for serum protein. The analysis shows
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FIG. II .-Haemoglobin values from all the cases before, during, and
after the perfusion. The columns indicate the range of the
values; the means are indicated by dots.
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FIG. IO.-Serum protein values before, during, and after the perfusion.
The columns indicate the dispersion of the values; the means are
indicated by dots. The number of registrations appears from
the figures underneath the columns.

a lower value in the donor blood of the mark III
series than in the donor blood of the Rygg-
Kyvsgaard III series, and this divergence also
asserts itself in the values after the perfusion.
HAEMOGLOBIN.-In Fig. 11 are seen the changes

in the haemoglobin values. Owing to mixing with
saline water during the filming procedure, the
donor blood is diluted in the mark III apparatus,
manifesting itself in the fact that the average
haemoglobin value in the donor blood of the mark
III series is 11.8 g.%, whereas the corresponding
value in the Rygg-Kvysgaard III series is 13.9 g.%.
For the rest, conditions corresponding to those
mentioned under serum protein are seen.
SERUM ELECTROLYTES.-Values for potassium,

sodium, and chloride were registered in the blood
of the patients before and after the perfusion and
in the donor blood. It appears from Fig. 12 that
there are only small changes in these values for
blood from the patients before and after the
perfusion, whereas there is a small variance in
respect of potassium and chloride between the
donor bloods of the two series.
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FIG. 12.-Serum electrolyte values before and after the perfusion.
The columns indicate the range of the values; the means are
indicated by dots. The number of registrations appears from
the figures underneath the columns.

DISCUSSION
We have felt justified in submitting this material

for comparison of perfusions made with two
different types of pump oxygenators, because both
the experimental and the clinical work with extra-
corporeal circulation with the two types of
apparatus have been carried out in parallel series
according to the same principles. The perfusions
were conducted by the now generally accepted
technique, the efficacy of which has also been
confirmed by our earlier investigations, our target
being an effective flow at 2.4 litres/sq.m./min.
with free venous drainage (Engell, 1957). It has
previously been shown (Rygg, Saurbrey, Hasner,
Thue Poulsen, and Arnfred, 1961) that among
other things a sufficient perfusion is characterized
by unchanged or increasing values for standard
bicarbonate during the perfusion. An acidosis
during a perfusion at which a sufficient oxygena-
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tion and an adequate arterial flow has been
maintained is not caused by the perfusion itself
but by the admixture of donor blood.
Apart from the principle of oxygenation, the

difference between the two pump oxygenators is
characterized by a considerably lower priming
volume in the Rygg-Kyvsgaard III apparatus,
which, moreover, is dependent upon the size of
the patient, as various sizes of oxygenators are
being used. Apart from the use of a five-screen
oxygenator for perfusion of small infants, the
mark III apparatus has a fixed and, especially
when a heat exchanger is applied, a very consider-
able priming volume, which causes perfusions with
this type, especially of young individuals, to
involve a heavy admixture of donor blood and a
consequential acidosis. On the other hand, the
big priming volume means, other things being
equal, a reduced number of passages through the
apparatus and a consequential reduced traumatic
effect on the blood.
The special technique used for filming the

oxygenator of the mark III apparatus involves an
admixture of saline to the donor blood and
consequently reduced haemoglobin and bicarbon-
ate concentrations, and also the relative content
of electrolytes is changed. Thus, in estimating the
traumatic effect on the blood, these two facts must
be taken into consideration, as must also the
amount of blood transfused during the perfusion,
the patient's own blood volume, and the minute
volume at which the perfusion has been per-
formed. Moreover, the traumatic effect on the
blood depends upon the construction of the pump,
the materials with which the blood comes into
contact, the type of suction, and the vacuum used
in the suctions.
As mentioned above, our type of case permits

only in group 1 a closer comparison of the
perfusions, but even here it may be difficult to
draw any definite conclusions, as, for instance, at
perfusions with the mark III apparatus a fall in
arterial pressure has been observed during the first
minutes of the perfusion immediately after caval
occlusion, and at some perfusions the venous
pressure was raised due to unsuitable caval
catheters.
Even though the method of calculation men-

tioned under oxygen uptake is subject to several
possibilities of error, we have nevertheless found
ourselves justified in using it for a comparison,
pointing out, however, that possible errors or
inaccuracies in calculating the temperature
correction, either upwards or downwards, will
assert themselves more heavily in the mark III

series, as the average temperature is lower here
than in the Rygg-Kyvsgaard series.
The oxygen uptake established corresponds

excellently to the investigations published by
Shackman, Graber, and Melrose (1953) and by
Starr (1959), who have demonstrated that during
anaesthesia and extracorporeal circulation the
basal metabolism is reduced to a figure of this
magnitude. The present variance between 72%
and 78% respectively has appeared not to be
significant. From a survey of the other results of
our investigations it appears that the dilution of
the donor blood in the mark III apparatus has
had a not unimportant influence on the diver-
gencies found between the two series. This
circumstance makes itself especially felt in the
values for standard bicarbonate, for which the
variance remains stable throughout the perfusion
and during the following period.

It is a matter of course that the changes in the
value for standard bicarbonate of the blood are
less in evidence during the brief perfusions in
group 1 than in more protracted operations, but
we are nevertheless of the opinion that the two sets
of patients within this group show with sufficient
distinctness that no metabolic acidosis occurs as a
result of the perfusion, so that the acidosis found
was due exclusively to admixture of donor blood.
This is particularly obvious from the balance
scattergram, in which for both groups most dots
lie around zero (Rygg, J0rgensen, Lauersen,
Astrup, and Therkelsen, 1959).

In our opinion the lower value for standard
bicarbonate in the mark III series has been of no
importance either for the perfusion or for the post-
operative course.

In the case of group 2, it is, as mentioned
before, impossible to make a direct comparison of
the perfusions on the basis of numerical values,
partly because the original values are very hetero-
geneous owing to the incongruous patient material,
and partly because the duration of the perfusions
varies very much-from 19 to 102 minutes. It is
possible, however, from the individual curves
shown to form a picture of the quality of the
perfusions within group 2.
Only one perfusion in each series shows a drop

of any importance in the standard bicarbonate
level, while all other perfusions within both series
have a satisfactory course, although for the higher
original values in the mark III series a slight fall
during the perfusion must be recorded.
No importance can be attached to the circum-

stance that the survivors on an average show
higher standard bicarbonate values than do the
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fatal cases, as the original values for these cases
are also higher. It must only be taken to mean
that cases with higher values for standard bicar-
bonate, and consequently with better circulatory
conditions, will show a higher survival rate than
cases with a metabolic acidosis caused by circula-
tory failure.
The curves of group 2 justify the conclusion

that protracted perfusions may be satisfactorily
performed with both pump oxygenators, and
furthermore confirm the fact that even after a
protracted perfusion the extracorporeal circulation
does not in itself result in metabolic acidosis,
provided a sufficient flow is maintained. It should
be emphasized that in the post-operative course
no clinical differences have been observed between
the two series.
From the curves of the sodium, chloride, and

potassium values it appears that there are only very
slight changes in these values, and that the dis-
persal is only moderate. The lower value for
potassium in the donor blood of the mark IIII
series may be explained as a consequence of the
dilution, whereas the higher value for chloride in
this test presumably may be ascribed to the
sterilizing procedure (Warexin R). The curves of
the various cell counts show practically uniform
relationships for the two types of apparatus. The
conditions of the granulocytes correspond exactly
to what has previously been found in donor blood
(Bagdassarow and Guljajew, 1958) and the per-
fusion in itself causes no essential change in the
conditions of the leucocytes, which we have also
confirmed by determining, concurrently with the
tests made of the blood used in the perfusion, the
changes in the donor blood kept as a reserve.

CONCLUSION

From these two groups of cases perfused by a
screen oxygenator of the type mark III and a
bubble oxygenator of the type Rygg-Kyvsgaard Ill
we have demonstrated that even protracted per-
fusions may be performed satisfactorily with both
types of pump oxygenators, and that the differ-
ences found between the various values for acid-
base balance, oxygen uptake, and traumatic effect
on the blood are either unimportant or
insignificant.

Excepting for haemolysis, which in the Rygg-
Kyvsgaard III series lies a little higher than in the

mark III series, it is, however, worth while
emphasizing that in all results at which differences
are found between the two series the results are
somewhat better in the Rygg-Kyvsgaard III
material than in the mark III material.

Since, moreover, the Rygg-Kyvsgaard III
apparatus has a lower priming volume and is much
easier to operate than the mark III apparatus, and
also demands considerably less preparation for the
perfusions, we prefer the Rygg-Kyvsgaard III
pump oxygenator to the mark III apparatus.
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