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however, between raised serum concentrations of 8 amino-
laevulinic acid and neurodysfunction. All four types of acute
porphyria, in which concentrations of 8 aminolaevulinic acid
are raised, are characterised by neurological dysfunction whereas
the non-acute porphyrias, which have normal concentrations of
8 aminolaevulinic acid, are not. Furthermore, peripheral
neuropathy is a feature of lead poisoning and hereditary
tyrosinaemia, in which blood concentrations of 8 aminolaevulinic
acid are raised.

Intravenous infusion of haematin, which represses activity
of 8 aminolaevulinic acid synthase and hence lowers the increased
blood concentrations of 8 aminolaevulinic acid and porpho-
bilinogen, provides some benefit in acute porphyria.5 Tishler
et all 2 reported that activated charcoal cartridges effectively
removed large amounts of porphyrins and their precursors
from solution in vitro, these amounts being considerably greater
than estimated daily production during an attack of porphyria.
The removal of 8 aminolaevulinic acid and porphobilinogen
and possibly other neurotoxic compounds by haemoperfusion
through such sorbents might favourably alter the course of
acute attacks.

In our study haemoperfusion with activated charcoal columns
coupled with haemodialysis considerably reduced serum
concentrations of 8 aminolaevulinic acid and porphobilinogen
with a concomitant decrease in urinary porphyrin precursors;
but serum concentrations had returned to pretreatment values

within 24 hours and abdominal pain was not relieved after four
days' treatment. We cannot exclude the possibility that a longer
course of treatment might have had a more favourable outcome,
but this seems unlikely in view of the rapid rebound of serum
concentrations of 8 aminolaevulinic acid after each haemo-
perfusion. Furthermore, the resulting thrombocytopenia might
present a major limiting factor to such treatnent.

We thank Professor Sir Abraham Goldberg for his guidance.
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Complement activation during cardiopulmonary bypass:
quantitative study of effects of methylprednisolone and
pulsatile flow

MICHAEL J BOSCOE, VIRGINIA M A YEWDALL, MICHAEL A THOMPSON,
J STEWART CAMERON

Abstract

Forty four patients undergoing open heart surgery
were divided into three groups. Group 1 (17 patients)
underwent routine anaesthesia and surgery; group 2
(17 patients) received two doses of methylprednisolone
(30 mg/kg), one during induction of anaesthesia and
the other immediately before induction of cardio-
pulmonary bypass; and group 3 (10 patients) received
pulsatile flow while undergoing pulsatile perfusion by
the heart-lung machine. A modification of the previously
described technique was used to detect and measure
complement activation in plasma before and during the
bypass period using crossed immunoelectrophoresis.
About 45% of all patients showed measurable comple-
ment activation (>455%) during cardiopulmonary by-
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pass and the mean activation in this group was 6.4%.
There was no significant difference between the three
groups in complement activation. In group 2, however,
women showed significantly more complement activa-
tion than men (p <0 05).

It is suggested that neither corticosteroids nor pulsatile
flow affect complement activation, but caution should
be exercised in women receiving methylprednisolone.

Introduction

Cardiopulmonary bypass is thought to activate complement.1 2

The importance of this lies in the postoperative changes seen
in lung function'3 and possibly in changes in myocardial
function.4 5 Attempts have been made to measure complement
activation by changes in haemolytic activity (CH5),2 6 7 by
aggregation of white cell polymorphs by activated complement
components8 and by measurement of absolute concentrations
of complement.7 Complement activation has been measured
in vivo by crossed immunoelectrophoresis for C3c,6 10 by an
assay for C3d using radial immunodiffusion,9 11 and by radio-
immunoassay of C3a and C5a." Earlier workers detected
varying amounts of complement activation in the bypass period.
Recent work has thrown doubt on these findings since an assay
of C3d9 11 failed to confirm complement activation in the
bypass period. The use of either corticosteroid3 413 or pulsatile
flow during cardiopulmonary bypass1 15 is controversial.
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Methods

Adult patients undergoing cardiopulmonary bypass were divided
into three groups. Thirty four consecutive patients were selected by
random number allocation for one of two groups, either control or
treatment with intravenous methylprednisolone. Group 1 (17 patients)
received the standard anaesthetic technique described below. Group 2
(17 patients) received in addition 30 mg/kg methylprednisolone
during the anaesthetic induction and an additional dose of 30 mg/kg
immediately before connection to the heart-lung machine. A further
10 consecutive patients formed group 3, who were studied after
groups 1 and 2, did not receive methylprednisolone but underwent
pulsatile perfusion flow from a Stockert device (Cobe-Stockert,
Munchen, Germany), which achieves pulsatile flow by variable speed
rotation of a roller pump applied externally to the circuit tubing.
All patients received premedication with papaveretum and hyoscine,
dose given according to weight. Anaesthetic induction was with
thiopentone, phenoperidine, and pancuronium as appropriate.
Careful note was made of all fluids added before, during, and after
the perfusion period. An internal jugular cannula was inserted
immediately after induction, and all samples for analysis were taken
from this, except during the bypass period when blood was drawn
from the venous side of the oxygenator. The heart-lung machine was
primed with Hartmann's solution (500 ml), polygeline (500 ml), and
dextrose 50% (150 ml). A bubble oxygenator (Bentley BOS 10) was
used in all cases with a full flow of 2-4 1/m2 body surface.

FIG 1-Example of crossed immunoelectrophoresis plate to
demonstrate complement activation in a patient.
C=Negative control. Sl-4=Patient's serial samples (see text).

C+=Positive control.

Blood samples were drawn off immediately after induction (sample
1), immediately before bypass after the administration of heparin
30 mg/m2 body surface (sample 2), after 30 minutes on cardiopul-
monary bypass (sample 3), and a final sample after 60 minutes on
cardiopulmonary bypass (sample 4). Blood was drawn into edetic
acid and spun down within 30 minutes. The plasma was stored at
- 70°C until analysis could be carried out. Plasma C3 and C4 con-
centrations were determined by radial immunodiffusion1l into
buffered agarose gel containing specific antiserum. Quantification
was carried out by comparison with dilutions of a normal human
serum pool (12 people used; the standard being calibrated against
the WHO standard for C3 and C4) and the results expressed as a
percentage of normal. The same standard was used throughout, and
the changes in blood concentrations of C3 and C4 were studied,
allowing the use of a serum pool standard for analysis of patients'
plasma.
Measurement of C3 activation was carried out by a modification

of the crossed immunoelectrophoresis method described by Versey."'
This technique entails electrophoretic separation of plasma protein
in agarose gel followed by electrophoresis perpendicular to these
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into an antibody containing gel (fig 1). Our method consisted of a
four hour separation at 12-5 volts/cm in the first dimension followed
by a 17 hour separation at 4 volts/cm in the second dimension. The
antiserum was antihuman C3c (Hoechst UK Limited) and was used
at a concentration of 2-3%. Disodium edetic acid was used throughout
the assay at a concentration of 0-01 mmol/l to prevent in vitro con-
version of complement.17 Negative and positive controls were pre-
pared, stored at - 70°C, and included in all plates. Lipopolysaccaride
(Difco Laboratories) was used to produce C3 conversion in normal
serum, and a dose response curve was also set up. After running, the
plates were washed, dried, and stained. The area enclosed by the
individual precipitate is proportional to the amount of antigen. We
measured the peak areas by planimetry" and then calculated the
conversion as follows: % conversion= (area of converted C3 peak
(C3c))/(area of converted +area of unconverted peak) x 100. Stored
blood was also examined to determine if activated complement was
possibly transfused. The effect of aging on serum was studied by
examining samples kept at room temperature, 4°C, and 37°C for
24 hours.
The relatively large number of patients with C3 conversion results

below the measurement limits of our method necessitated a means
of ranking in such cases. We decided to use the peak height alone
because this was obtainable in all but a very few cases. Although this
is not satisfactory as a method of measuring C3 conversion it was
found to correlate well with C3 conversions where available: con-
version (3) level v ratio (3) p < 0-01; conversion (4) level v ratio (4)
p < 0-01. The ratio values known as R (3) and R (4) were calculated
as follows: ratio R = (height of converted C3 peak)/(height of un-
converted C3 peak) x 100. The patients were then ranked according
to their overall C3 conversion results, where available, or to the peak
height ratio figures as defined above. Dilution of plasma due to
mixing the pump prime was compensated for by consideration of
change in packed cell volume in prebypass sample compared with a
sample taken on bypass. The mean dilution going on to bypass was
1-5 (SD=0-15).
To determine which of the many factors including age, sex, nature

of operation, temperature of bypass, surgeon, ischaemic time, etc
were related significantly to either C3 or C4 levels or C3 conversion,
multiple correlation coefficients were determined using corrections
for significance."' Student's t tests for parametric results and Mann-
Whitney U tests for non-parametric results were carried out where
appropriate. In addition, analysis of frequencies was carried out by
the X2 test (table I).

TABLE i-Clinical details of 44 patients undergoing open heart surgery

Control Methylprednisolone Pulsatile
group group group
(n= 17) (n= 17) (n= 10)

Mean age (SD) 51-06 (10-56) 55 24 (10-12) 58-00 (12-55)
Age range 38-71 41-75 44-78
Sex:
Men 13 13 6
Women 4 4 4

Weight (kg) (SD) 72-52 (11-51) 73-46 (11-67) 69-49 (11-79)
Weight range 50-6-94-8 48-5-89-0 55-0-91-8
Surface area (SD): 1-83 (0-19) 1-81 (0-21) 1-77 (0-19)
Men (SD) 1-91 (0-14) 1-90 (0-13) 1-90 (0-14)
Women (SD) 1-60 (0 09) 1-51 (0-14) 1-58 (0-03)

Packed cell volume (SD) 27-56 (3 40) 25-94 (3 47) 28-3 (6 05)
CABG:
Men 11 11 4
Women 1 1 1

Valve:
Men 2 2 2
Women 3 3 3

Normothermic:
Men 5 5 2
Women 4 2 1

Hypothermic:
Men 8 8 4
Women 0 2 3

Ischaemic time (SD) 38-18 (19-57) 39-59 (21-00) 46-50 (20 36)
Total time (SD) 69-59 (20-31) 73-06 (28-95) 76-40 (33*75)

CABG= Coronary artery bypass graft.

Results

COMPLEMENT CONCENTRATIONS (fig 2)

The C3 and C4 concentrations were above the lower limit of normal
(50%) throughout the operation, but 24 (55%) of all patients showed
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a fall in C3 concentrations on bypass of more than 10%, and analysis
by Student's t test showed a significant fall in C3 during the first
30 minutes on bypass for all groups (p < 0001). Furthermore, the
C3 concentrations on bypass were significantly lower in groups 2 and 3
than in group 1 (X2 significant at 0-01 level). Analysis of correlation
coefficients showed that more women than men in group 1 had lower
concentrations of C3 on bypass and a greater decrease in C3 con-
centrations during the first 30 minutes of cardiopulmonary bypass
(p < 0-02).
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Whitney U test; further analysis using correlation coefficients agreed
with these findings. Both sets of results showed that the difference in
complement activation between valve and coronary artery bypass
graft operations was particularly evident in group 1. It should,
however, be noted that more women than men underwent valve
operations and vice versa (p < 0-01) and also that one of the surgeons
operating on the study groups performed more coronary artery
bypass graft than valve operations (p < 0 01).

TABLE II-Correlations between degree of complement activation in
different groups of patients undergoing open heart surgery

Sample(s) Group(s) Test finding p value*

3 and 4 2 and 3 v group 1 NS
3 1, 2, and 3 Valve>CABG <0-01
3 1, 2, and 3 Women>men <0-001
3 1, 2, and 3 Normothermic > hypothermic 0-054
3 1 Women > men 0-06
3 2 Women > men < 0 03
4 2 Women > men 0-01

* Control '
* Methylpredrisolone
v Pulsatile tlow

-- --C3
-C4

1 2
Sample number

NS = Not significant.
Mann-Whitney U test.

As shown in table II and figure 3 there was a difference between
men and women in the rapidity with which complement activation
became evident during bypass. Although women already had activa-
tion in sample 3, men in general only developed significant activation
in sample 4 (fig 3). The difference in complement activation in the
normothermic and hypothermic groups (table II) was not biased by
a difference in the proportion of cooled patients in the male and female
groups. Finally, in contrast with the notable differences shown be-
tween women and men in group 2, the pooled data (groups 1, 2, and 3)
gave differences only for the first sample taken during bypass (sample
3).

121
0

3 4

FIG 2-Mean C3 and C4 concentrations during anaesthesia and
cardiopulmonary bypass (see text for timing of samples 1-4).

A total of 8 (18%) of all patients showed a fall in C4 concentrations
on bypass of more than 10%. Analysis by Student's t test showed a
significant fall in C4 during the first 30 minutes on bypass for all
groups (p <0-05) and also C4 concentrations showed a significant
rise between induction and the start of cardiopulmonary bypass
(p <0-005). Further analysis by correlation coefficients showed that
women in group 1 had a greater decrease in C4 concentrations than
men during the first 30 minutes of cardiopulmonary bypass. Also in
group 1, the changes in C4 concentrations during 30 to 60 minutes
on bypass were not related to the type of operation. In group 3
(pulsatile flow), however, the concentrations of C4 after 30 minutes
on bypass were higher in those having the valve than in those having
the coronary artery bypass graft (p < 0-02).
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FIG 3-C3 activation in all groups of patients during bypass
(samples 3 and 4). Women show activation in samples 3 and 4,
while most men only developed evident activation in sample 4.

COMPLEMENT ACTIVATION (figs 1 and 3)

Complement activation was not detected in the three units of stored
blood given to patients during the bypass period. Complement
activation was, however, detected in the aged serum at 24 hours.
The levels were 23% at 37°C, <4-5% at room temperature, and
<4-5% at 4°C.
A total of 20 (45%) of all patients showed measurable C3 activation

in at least one sample on bypass. The percentage of patients affected
in groups 2 or 3 was not significantly different from that in group 1.
Examination of the crossed immunoelectrophoresis plates showed
that the negative controls and the patients' samples before bypass
were consistently negative. The coefficient of variation of the positive
controls was 4-5%, confirming the reliability of the method.

Table II shows the correlation of complement activation in samples
taken during bypass (samples 3 and 4), carried out using the Mann-

Discussion

The ability to detect in vivo complement activation is critically
dependent on the laboratory technique used. We have shown
that the method described by inhibiting in vitro complement
activation and using the same control serum on all plates in the
study is reliable (coefficient of variation 4-5%). We used
0-01 mmol/1 sodium edetic acid, and the control plates were

consistently negative. A previous study used only 0-0025 mmol/l
edetic acid,6 but complement activation was shown in samples
of stored blood and non-cardiac patient controls. C3 activation
in stored blood has not been detected either by us or by other
workers using the same technique.10

170-

160-

150-

140-
Mean
concentration
(0/o normal ) 130'

120

110

100

0

* O
0

0A
a

I I ----

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

r M
ed J (C

lin R
es E

d): first published as 10.1136/bm
j.287.6407.1747 on 10 D

ecem
ber 1983. D

ow
nloaded from

 

http://www.bmj.com/


1750 BRITISH MEDICAL JOURNAL VOLUME 287 10 DECEMBER 1983

The value of determining concentrations of C3 and C4 as
antigen has been debated by previous workers. C4 and to a
lesser extent C3 are acute reactive proteins and sudden rises
could be expected during the bypass procedure, which might
tend to offset any depletion due to in vivo activation. A cor-
rection factor to take into account haemodilution from the
pump prime must be applied, but it can be seen that true
depletion occurred both in this study (fig 1) and in another.9
The role of corticosteroids has been little studied. No pre-

vious investigation has administered the drug in two doses to
take account of the dilution shown by Thompson et al1.2 In
single dose studies in two patients,6 and in another in five
patients,22 the authors concluded that steroids had no effect.
Although we also could show no difference in activation in those
patients who received the steroid compared with controls, the
difference between men and women seen in the steroid group
is of considerable interest. In the recent study by Boralessa
and colleagues only men were examined.9 We cannot explain
the apparent increase in complement activation seen in this
subgroup but it is surprising, as steroids may suppress the
immune response by their lysosome-stabilising activity.13 A
previous study using a single dose of steroid found no difference
in lung function.3 The role of pulsatile flow has not been
elucidated here in relation to any complement related benefit.
This study on a group of only 10 patients was sufficient for
statistical analysis but requires extension before firm con-
clusions can be drawn.

It would be useful to relate change in complement activation
to clinical outcome. Because of the many surgical factors an
extremely large study would be necessary. In our study of
44 patients, three died in the perioperative period, all of whom
had received methylprednisolone, but obviously no conclusion
can be drawn. Our patients all underwent perfusion through a
bubble oxygenator. This might be expected to cause both more
trauma to the cellular elements of the blood and greater comple-
ment activation than a membrane oxygenator. Previous com-
parative studies22 have been too small to allow any conclusions
to be derived.

Conclusion

We have confirmed that crossed immunoelectrophoresis is a
reliable method of quantifying C3 activation in vivo provided
that the technique described is followed. Complement activation
of the order of5% to 12% was detected in a significant number of
patients during bypass and it is suggested that neither corti-
costeroids nor pulsatile flow effect this. The finding of increased
levels of complement activation in women who received methyl-
prednisolone might suggest caution with its use in this group
of patients.

We thank Mr A K Yates, FRCS, and Mr P B Deverall, FRCS, for
permission to study their patients; Mr R A Yewdall for carrying out
the statistical analysis; and Miss A Whitmore for secretarial help.
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ONE HUNDRED YEARS AGO Professor Haeckel's recent
work on the lower forms of marine life in Ceylon contains an interest-
ing passage on his experience as a diver amongst the coral reefs of
that island. In order that he might thoroughly explore these remark-
able formations, he learned to dive with his eyes open. The reality of
this kind of exploit is less agreeable than the ideal. "The Oceanides,
under whose protection these coral fairy bowers of the sea flourish,
threaten the intruding mortal with a thousand perils. The Millepora,
as well as the Medusae which float among them, burn him wherever
they touch, like the most venomous nettles; the sting of the fish
known as Synanceia is as painful and dangerous as that of the scorpion;
numbers of crabs nip his tender flesh with their powerful claws;
black sea-urchins (Diadema) thrust their foot-long spines, covered
with fine prickles set the wrong way, into the sole of his foot, where
they break off and remain, causing very serious wounds." Such
were the Professor's experiences, as expressed in C Bell's English
translation ofA Visit to Ceylon. Any attempt to detach a piece of coral
of necessity involves the risk of severe injury to the hand. What is,
however, most interesting to all who are likely to visit the tropics is
that a bath in a coral reef may involve serious inconveniences not
encountered by sea-bathers in high latitudes. (British Medical Journal
1883;i :1050.)

Correction

Effects of pirbuterol and sodium nitroprusside on pulmonary
haemodynamics in hypoxic cor pulmonale
An error occurred in this paper by Dr W MacNee and others (22 October,
p 1169). The dose of intravenous sodium nitroprusside given to the patients
was 1-5 ,ug/kg and not 1-5 mglkg.
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