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and those of Sim and McCraw is probably due to factors such as
individual subject variation or differing experimental conditions.
The most surprising finding in the aggregation studies was the
inhibition of ristocetin-induced aggregation during the sustained
dosing study in case 1. Lack of aggregation to ristocetin is char-
acteristically associated with von Willebrand's disease, in which
there is evidence of defective adhesion of platelets to subendo-
thelium'7 and, in pigs, resistance to experimentally induced
atherosclerosis." Inhibition of ristocetin-induced aggregation
therefore suggests that DHLA may have an inhibitory effect
on platelet-vessel wall interaction, a probable early event in the
formation of arterial thrombi. No other features of von
Willebrand's disease were detected.

Diets low in saturated fats and rich in polyunsaturated fats
(predominantly linoleic acid) both lower heparin-neutralising
activity1 and reduce platelet aggregability.2 Since linoleic
acid is a precursor of DHLA (fig 1) both these effects may be
mediated through its conversion to DHLA. Such diets have also
been reported to reduce mortality due to atherosclerosis,21 and
partial substitution of dietary saturated fats by polyunsaturated
fats has been widely recommended as a means of reducing the
risk of coronary heart disease.22 23 Perhaps small doses of DHLA
may be equally if not more effective than major dietary manipu-
lations in preventing and treating these conditions.

We thank the Special Trustees of the General Infirmary at Leeds
and Roche Products Ltd for financial support; and Dr M Zuzel and
Dr I R Peake for their help with the assays of heparin-neutralising
activity and ristocetin cofactor. Scientific and technical contributions
were made by G Fieldhouse, B Griffin, M Hart, J Leek, G Levell,
E Morris, S Nelson, P Marples, V Menys, and A Spencer.
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Reticulocytopenia and "absence" of red cell autoantibodies
in immune haemolytic anaemia
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Summary

A raised reticulocyte count is common in patients with
immune or autoimmune haemolytic anaemia, and the
result of the direct antiglobulin test (DAGT) is usually
positive because of IgG or IgG and complement com-
ponents on the red cells. We report on three patients who
had low reticulocyte counts when they were most anaemic,
and in whom no red cell autoantibodies could be detected
by the DAGT.
We postulate that reticulocytes may be selectively

destroyed if antibodies are directed against antigenic
sites on these young red cells, thus giving rise to a popu-
lation of cells whose antigenic sites are poorly expressed.
This theory might explain the low reticulocyte counts
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and the "absence" of antibodies (as tested by the DAGT)
in such patients. Radioisotopic studies with 1Cr and
5 Fe may provide useful information on the rate and sites
of red cell destruction.

Introduction

Increased destruction of red cells in "warm" immune or auto-
immune haemolytic anaemia (AIHA) is commonly associated
with a positive direct antiglobulin test (DAGT) result, usually
because of the presence of either IgG alone or IgG and comple-
ment on the surface of the red cells. Some patients have all the
clinical features of AIHA, but no antibody can be detected on
the red cells by the direct antiglobulin test.1'-:' By using the
sensitive antiglobulin consumption technique, however, small
quantities of antibody belonging to the IgG class have been
shown on the red cells of some patients with a negative DAGT
result.' Most patients with AIHA have a raised reticulocyte
count at presentation-a reflection of the high erythroid turn-
over that occurs to compensate for the anaemia and anoxaemia.
Crosby and Rappaport,5 however, noted the occurrence of
reticulocytopenia in AIHA, and Pirofsky:3 also reported a low
reticulocyte count in some patients with this disorder whose
bone-marrow aspirate was normal or hyperplastic.
We report on three patients who had haemolytic anaemia with

some unusual features. Neither IgG antibodies nor complement
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components could be shown on the red cells in one of these
patients, and only complement components were found in the
other two. All three patients had a low reticulocyte count when
they were most anaemic. We used radioisotope studies to
investigate the rate and sites of red cell destruction. Haematolo-
gical methods used are those described by Dacie and Lewis.6

Case reports

CASE 1

The patient was 9 years old when she first presented in December
1975 with a short history of jaundice (see fig 1). She was pale and
jaundiced, and had no lI mphadenopathv or hepatosplenomegaly.
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ml), chiefly unconjugated. Gastric parietal cell antibody titre was
weakly positive;, antibody titre to mycoplasma was consistently

1 16. Bone marrow aspiration showed considerable erythroid
hvperplasia with many more polychromatic red cells than in the
peripheral blood film. Erythrophagocytosis was conspicuous.

)'Fe studies (fig 2) showed a rapid accumulation of radioactivity
over the spleen after 24 hours, concurrent with a fall in activity over
the sacrum. We interpreted this as representing destruction of young
red cells by the spleen, and thought it might explain the peripheral
blood reticulocvtopenia, even though many polychromatic cells were
seen in the bone marrow aspirate. A splenectomy was performed
because of the persistent haemolysis and transfusion requirements.
After a stormy postoperative period, she made a good recovery with a
reticulocytosis of 15°,!. Histological examination of the spleen showed
striking erythrophagocytosis, but no phagocytosis of neutrophils or
platelets. The patient remained in complete remission 18 months after
splenectomv.

CASE 2

A man aged 41 first presented in October 1967 with a short history
of lassitude (see fig 3). He was anaemic, and had a large spleen but no
hepatomegaly or lymphadenopathy. Investigations showed: Hb 5 6
g dl, reticulocytes 30,; WCC 3 109 1; result of DAGT negative.
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FIG 1-Haemolvsis and reticulocytopenia not responsive to pred-
nisolone, with remission after splenectomy (case 1). BT blood
transfusions, S splenectomy.
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FIG 2-Ferrokinetic studies (`T,'O (case 1' showing rapid uptake of colhort of
patient's ow n cells bO spleen.

Laboratorv investigations showed: Hb 3 X g dl; reticulocytes 1 0

shite cell count 5\2(( 10 1 mm// neutrophils 74

platelets normal; l)ACGT result negati e; serum bilirubin 144

ttimol 1 8 4 rmg 100 nIll, chiecly uncon ugated. The onlN drugs she

as onI at this time wvere for treatmient of asthma salbutaimiol sulphate
Ventolin , sodiuimi cromoglycate Intal,, and beclomeithasone
dipropionate (Becotide l. Idiopathic-hacmnoly tic anaemia ss as diagnosed,
and shle vvas transfused and started on prcdnisolone 30 mg dails.
Oser the next tso sweeks she receivedl1 a total of nine units of blood,
and svas subsequentls transferrned to Hammi-rersilirh Hospital. Both

the liver and spleen swere noss just palpable belosw the costal margin.
I1vc:Sti-ati(ous noss show ed: Hb 706 g dl; reticulocvtes 0 6",,;

WCC 87 10 !' 1 neutrophils 70 l platelets 300 101' l. Thc
folloss ing tests gave negatise results: DA(T; acidihed serum ls sis

and cold antibody lssis; and blood cultures. Cold agglutination titres,
serum copper and cacroplasmniin and serum imimunoglobulins were all

normial, as were results o1 haemiioglobin clectrophoresis and glucose-b-
phosphate dehsdrogenase assas. Biochemical profile swas normal,

except for a serum bilirubin concentration of 80 1tmol,l 4-7 mg l)0
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FIG 3-Pancvtopenia with bone marros hyperplasia, and response
to treatment with prednisolone (case 2). S splenectomy.

Bone marrow aspiration showed active normoblastic marrow. Serum
bilirubin was 46 ,mol 1 (2 7 mg 100 ml), chiefly unconjugated. He was
transfused and started on prednisolone, to which he responded very
well. He relapsed a year later, and this time the DAGT gave a positive
result-complement components only were present on the red cells.
No antibody could be eluted, but free in the serum there was an anti-
body that agglutinated (titre 1 64) and lysed (titre 1 10) only enzyme-
treated red cells at 37 C. He remitted satisfactorilv again after steroid
treatment, and remained well until November1974 when the spleen
was palpable 4 cm below the costal margin.

Iirvcstig'ati'oiis shoNed: Hb 5-7 g dl; reticulocytes 0-5",,; WCC
2 6 10' 1 kneutrophils 1 5 10DY 1); platelets 47 101W,1. Bone
marrow aspiration showed ervthroid hvperplasia. DAGT result was
positive, but onls because of complement components on the red
cells; no antibody w,vas eluted from the red cells. Cold agglutination
titre was normal. Serum bilirubin was 66 /tmol 1 (3 9 mg 100 ml),
chiefls unconjugated; serum immunoglobulins were normal, apart
from a slightly low IgA concentration. All other biochemical tests gave
normal results. as did a lvmphangiogram performed to exclude an

occult lvnmphoma.
He wsas startcd on prednisolone X0 mg dailN, and this was associated

Awith a dram-atic clinical and hacmatological recovery. The result of the
DAGTT, hosssevr, remaincd wcaklv positivc due to compleimient only.
A'c studies shoswcd a quick clcarance of iron rt 20 min) with uptake

of thc label bs the bonc miirrow. Over the next 72 hours this activity
over the sacrum fell, associated xA ith rapid accumulation over the
spleen. In October 1976 the Hb droppcd to 8 0 g dl, again with
reticulocytopenia, neutropenia, and thrombocvtopenia. He rcspondcd
satisfactoril1 vet again to prcdnisolone, with a reticulocytosis of 21.

Neutrophils
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and a normal neutrophil and platelet count. In December 1976 he
complained of abdominal pain, which was shown to be caused by
gall stones. A cholecvstectomv and splenectomy was performed in
January 1977, and recovery from surgery was uneventful. Histological
examination of the spleen showed nothing relevant.

CASE 3

A boy aged 13 first presented in March 1975 with a short history of
the symptoms of anaemia (see fig 4). He was pale and jaundiced, but had
no lymphadenopathy or hepatosplenomegaly. Investigations showed:
Hb 2 9 g dl; reticulocytes 3",,; WCC 16 10' 1; platelets 140
10'/ 1; result of DAGT negative; antibody titres to mycoplasma,
toxoplasma, cytomegalovirus, and leptospira were not raised; result of
Paul-Bunnell screening test was negative; liver function was mildly
impaired. He was transfused and started on prednisolone 60 mg daily,
which maintained the Hb concentration at 10 0 g dl with a good
reticulocvte response. He became severely anaemic when the dose of
prednisolone was reduced to 20 mg daily. The survival of red cells
labelled with 'Cr was greatly reduced (t.) 2 3 days, normal 27-33
days), with a high early splenic uptake of the isotope. A splenectomy
was carried out uneventfullv in mid-April 1975. Soon after surgery,
however, a further haemolytic crisis took place while on prednisolone
20 mg daily, and he was transferred to Hammersmith Hospital after
blood transfusions.

Prednisolone (mg)
c r1s

100 Azathioprine (mg)IE,¢
bU - -

BT I H111, III I I I I I I
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FIG 4-Severe haemolysis and reticulocytopenia when reduction of steroid
doses was attempted, and recovery after treatment with azathioprine (case 3).
S - splenectomy; BT = blood transfusion.

Investigations showed: Hb 11 8 g/dl (after transfusion); reticulocytes
3-4WO; WCC 10 6 X 10`111; platelets 400 l0'l. Blood film showed
red cell autoagglutination and post-splenectomy changes. Result of
DAGT was weakly positive, because complement only was present on

the surface of the red cells. No antibody was eluted from the red cells
and red cell autoantibodies were absent in serum. Cold agglutinin
titre was 1/16 at 4 C. Acidified serum lysis, sucrose lysis, and cold
antibody lysis tests gave negative results, as did screening tests for
urinary porphyrins. Plasma bilirubin was 84 ftmoll1 (4 9 mg 100 ml).
Serum immunoglobulins, serum copper, and serum caeruloplasmin
were all normal. No tissue autoantibodies were detected. Bone marrow

aspiration showed marked erythroid hyperplasia and erythrophago-
cytosis.
The dose of prednisolone was increased to 80 mg daily and the

reticulocyte count, which had consistently been about 3", at the height
of haemolysis, rose to 21 ",,. This remission was, however, short lived,
and the Hb fell to 3-5 g/dl with a reticulocyte count of only 3",,
when the dose of prednisolone was reduced to 30 mg daily. He was
then started on azathioprine 100 mg daily, and three weeks later his
reticulocyte count rose to 18",,. He remained in good remission with-
out evidence of haemolysis for seven months, but relapsed again in
March 1976 soon after azathioprine was withdrawn. He was therefore
restarted on azathioprine, and Hb concentrations remained satis-
factory.

Discussion

Various congenital haemolytic anaemias, paroxysmal
nocturnal haemoglobinuria (PNH), paroxysmal cold hae-

BRITISH MEDICAL JOURNAL 3 DECEMBER 1977

moglobinuria (PCH), and drug-induced anaemias were all
excluded in the patients reported here. Despite the failure of the
DAGT to show antibody on the red cells of these patients the
mechanism of accelerated red cell destruction was probably
immune. The demonstration by Gilliland et al' of small
but abnormal amounts of IgG antibody on the red cells of
patients with Coombs-negative AIHA shows that active hae-
molysis may occur with concentrations of antibody well below
the lower limit of sensitivity of the conventional antiglobulin
test. Furthermore, these workers7 found abnormal amounts of
IgG antibody by use of the antiglobulin consumption technique
in 13 of 16 patients in whom only complement components
were detected by the DAGT. They concluded that in many
patients with AIHA in whom the DAGT shows only cell-bound
complement, this fixation of complement had been mediated in
vivo by trace amounts of IgG red cell autoantibody.
The clinical course of our patients was similar to that com-

monly seen in AIHA. Although the third patient did not remain
in remission after splenectomy, or even while on relatively high
doses of steroids, he did respond to the immunosuppressive agent
azathioprine on two occasions, and indeed relapsed when this
drug was withdrawn. The second patient developed neutro-
penia, thrombocytopenia, and reticulocytopenia simultaneously
while in relapse. The association of neutropenia with AIHA is
uncommon, unlike that of thrombocytopenia. ' Nevertheless,
pancytopenia in AIHA has been noticed by other workers,'
and it has been suggested:' that single or multiple antibody
formation may result in concurrent thrombocytopenia, neutro-
penia, or even pancytopenia in patients with AIHA. Erythro-
phagocytosis, often seen in AIHA, was conspicuous in the bone-
marrow aspirates in patients 1 and 3, and this may well have
followed coating of red cells by trace amounts of IgG.'2 "
The remission after splenectomy in the first patient reflects the
high sensitivity of the spleen to relatively low-density protein-
coating in mediating red cell destruction.
The bone marrow is invariably hyperplastic to compensate for

the shortened red-cell lifespan in AIHA. It is therefore remark-
able that our patients had low reticulocyte counts at presenta-
tion, when their bone marrow showed normal or even increased
numbers of erythroid precursors. Pirofsky3 suggested that in
AIHA associated with other diseases such as lymphoma the
bone marrow's capacity to increase under stress was limited.
No underlying disease, however, was found in our patients.
The failure to detect antibody and the reticulocytopenia is
difficult to explain. Auto-antibodies might have been directed
against reticulocytes. While the nature of the antibody and the
antigenic site is speculative in our patients, experimental evidence
suggests that antigenic determinants on erythrocyte precursors
can react with red cell autoantibodies.'6 1' If the antigenic
sites were strongly expressed on a large population of young
red cells or reticulocytes, these cells would be destroyed, giving
rise to an accumulation of cells on which these antigenic sites
were poorly expressed. The concentration of antibody on these
surviving cells could therefore be too low to be detected by the
DAGT.

Conventionally, '5Cr has been used to study red cell survival
in AIHA, and surface counting over the spleen and liver often
gives information on the rate and sites of red-cell destruction.
Ideally, only the patient's own cells should be labelled. This
is often impossible in patients who haemolyse at an extremely
high rate and who require repeated blood transfusions. Also, as
discussed above, cells which are heavily coated with auto-
antibody will be selectively and rapidly destroyed, leading to an
accumulation of cells for which the antibody has low affinity.
5ICr studies using the patient's own cells may therefore measure
the survival of this longer-lived population. Our experience with
patients 1 and 2 suggests that ferrokinetic studies with "'Fe
may be useful if there are clinical signs strongly suggestive of
accelerated cell destruction. This is particularly so when the bone
marrow is shown to have at least normal numbers of erythroid
precursors, since this technique will label an unselected cohort
of the patient's own cells. The rapid accumulation of the isotope

-71-
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in the spleen or liver or both after an interval of 24-48 hours,
together with a fall in marrow radioactivity, can only be due to
trapping and subsequent destruction of the patient's own red
cells. Although the results thus obtained are only qualitative,
this aspect of the investigation of haemolytic anaemia warrants
further study.

We thank Professor Sir John Dacie FRS for his help and construc-
tive criticism and Drs A Dawson, P D Robertson, and E C B Keat
for allowing us to study and report details of these patients.
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Doxorubicin cardiotoxicity: possible role of digoxin in its
prevention

D GUTHRIE, A L GIBSON

1zritish AIfdicaJurn)i,-al, 1977, 2, 1447-1449

Summary

Twenty-nine patients with gynaecological cancers who
received over 400 mg of doxorubicin were monitored
electrocardiographically to determine whether cardiac
glycosides countered the adverse effects of high total
doses of doxorubicin. Minor electrocardiographical
changes were noted in five out of six patients who were
not receiving a cardiac glycoside and four out of six
who were receiving ouabain, and none of the 16 who were
receiving digoxin. One other patient on digoxin stopped
taking it and developed cardiomyopathy. One patient
on ouabain also developed cardiomyopathy. So far nine
patients on digoxin have received between 550 and 1000
mg,m2 of doxorubicin without ill effect.
Cardiac glycosides are thought to prevent doxorubicin

cardiomyopathy by competitively inhibiting doxorubicin
at its receptor sites, but ouabain has a much shorter
half life than doxorubicin and its metabolites and so is
less effective than digoxin.

Introduction

Doxorubicin (adriamycin) is a cytotoxic antibiotic widely used
in the treatment of malignancy. Its use has been limited,
however, by the high incidence of fatal cardiomyopathy that
occurs with large cumulative doses.' The manufacturers recom-
mend that the maximum cumulative dose should not exceed
550 mg/m`. After work reported on in 1974 by Lenaz2 we set

Queen Elizabeth Hospital, Gateshead
D GUTHRIE, MB, MRCOG, research fellow, department of gynaecological

oncology
A L GIBSON, MA, MRCP, consultant physician

out to determine whether it was possible to continue safely
beyond 550 mg/rm2 with the use of cardiac glycosides.

Patients and methods

One of us (DG) has treated many patients with cytotoxic regimens
that have included doxorubicin. Among these were 29 who had a
total dose of doxorubicin of over 400 mg. These patients all had
advanced gynaecological cancer and fell into three groups on the
basis of their cardiac glycoside therapy: six patients had no cardiac
glycoside; six were given ouabain 0 25 mg intravenously 15 minutes
before each dose of doxorubicin; and 17 were given digoxin
0 25 mg day starting seven days before the first dose of doxorubicin and
continuing until four weeks after the cessation of all cytotoxic treat-
ment. The dose of digoxin was reduced only when electrocardiograms
(ECGs) showed evidence of digoxin toxicity.

All patients had an ECG recorded before treatment and every
three or four weeks after a total dose of 400 mg doxorubicin had been
reached. All ECGs were read blind by one of us (ALG) who knew
only that a patient was receiving a cardiac glycoside but not which one.
All three groups of patients were comparable as regards age (mean
54 years), blood pressure, and other factors concerning the cardio-
vascular system. There were no diabetic patients in the series, and
no patient had any history of coronary artery disease.

Results

Minor ECG changes were noted in five of the six patients who were
not taking cardiac glycosides and four of the six patients taking
ouabain. The only changes noted in the digoxin group were those
relating to the digoxin itself, except in one patient who stopped taking
her digoxin and later developed cardiomyopathy. One other patient,
who was taking ouabain, also developed cardiomyopathy. The case
histories of these two patients are given below.

Statistical analysis comparing those receiving digoxin with those
receiving other treatment, using a Z2 test with Yates's correction for
continuity,< showed a highly significant difference (P<0 001). The
patient who took herself off digoxin was omitted for the purposes of
statistical analysis.

In the group not receiving cardiac glycosides doxorubicin treatment
was stopped at 550 mg/M2. Two of the patients receiving ouabain had
over 500 mg/M2 of doxorubicin: one had 600 mg/M2 and the other,
who developed cardiomyopathy, had 1000 mg/M2.
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