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Observations on Neutropenia Associated with Haemodialysis

E. K. M. SMITH,* M.D., B.SC., M.R.C.P.; K. JOBBINS,t F.I.M.L.T.

British Medical Journal, 1969, 4, 70-73

Snmmary: In the first 30 minutes of haemodialysis, in
patients with chronic renal failure, there is a

dramatic fall in total neutrophil count in the peripheral
blood. An hour after the start of dialysis this has returned
to normaL
We have carried out a series of experiments in an

attempt to elucidate the cause of this neutropenia. Both
the patient and the membranes of the dialyser appeared
to be a necessary combination to produce these changes,
which could not be induced by the infusion of blood or
saline that had previously been in contact with the
dialyser. The composition of the dialysing fluid was not
related to the fall of white count, and this fall was
repeated when the patient was connected to a second
dialyser after recovering from the neutropenia caused by
the first. It was only when reusing a kidney, by rinsing it
out and resterilizing it, that the neutropenia could be
modified, but this was not a constant finding.

Introduction

The prolonged passage of blood through an extracorporeal
circuit may be damaging to the cellular components of the
blood, and this has been shown to be the case in the heart-lung
machine (Kusserow and Larrow, 1968). Developments in the
techniques of haemodialysis in recent years have introduced the
problems of an extracorporeal circulation to a much wider
audience, and it is perhaps surprising that the repeated and
prolonged use of such a circulation by many patients treated
by maintenance dialysis has been thought to be relatively non-
toxic to the cellular components of blood. It has been assumed
that the pumpless and low-resistance circuit provided by the
inodern dialyser prevented much of the overt damage apparent
in the heart-lung machine. In spite of this assumption, how-
ever, it is clear that the anaemia seen in many patients with
chronic renal failure may not be relieved by repeated dialysis
and may even become more pronounced (Curtis et al., 1969).
This has suggested that haemodialysis itself may be an aggra-
vating factor and may, in some as yet undefined way, be more
toxic to the blood passing through it than has been supposed.
The studies described started with the investigation of un-

explained neutropenia in a patient who had been dialysed for
two years. In addition to a low white count he was also very
anaemic, with a packed cell volume (P.C.V.) of around 15%.
In all other respects his treatment had been uncomplicated and
successful. At this time we began to do repeated white blood
counts (W.B.C.) on many of our other patients to see what
happened to the white cells during dialysis, on the assumption
that the blood of our overtly neutropenic patient was being
damaged by the process of haemodialysis. It was at this period
that Kaplow and Goffinet (1968) reported an alarming fall in
the neutrophil count during the first hour of dialysis in four
patients being treated for chronic renal failure. The dialysis
system they used contained a coil dialyser and a pump, and
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access to the blood stream was via a subcutaneous arteriovenous
fistula. In a series of ingenious experiments they showed that
the fall in white cell count was not due to sequestration of
white cells in the dialyser but depended on a circuit that
included the patient and the dialyser. Bypassing the dialyser
eliminated the fall in white cell count, but substituting a
reservoir of fresh blood for the patient also eliminated it. The
present studies have confirmed the findings of Kaplow and
Goffinet and have attempted to find out a little more about the
nature of the changes which dialysis imposes on the white blood
cells.

Methods

The patients studied were taken at random from a group of
37 who were being treated for chronic renal failure at Fulham
Hospital or in an associated home dialysis programme.
Standard techniques were used (Curtis et al., 1969), employing
Kiil dialysers without blood pumps, with a single-pass warm
dialysate of standard composition which was prepared com-
mercially (McCarthys Ltd., Romford). Access to the blood
stream was via conventional Teflon-Silastic arteriovenous shunts
and heparin was used as an anticoagulant.

Except where stated, blood samples were drawn from the
arterial side of the dialyser and placed in Sequestrene bottles.
Total white cell counts were performed within two hours by
means of a Coulter counter. At the same time smears were
made for subsequent differential counts.
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FIG. 1.-Total neutrophil count at beginning and
end of a 14-hour dialysis in 27 patients.

Results

White Count Before and After Dialysis
In the initial study white cells were counted before and after

a routine dialysis lasting 14 or 15 hours. Twenty-seven patients
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were included and the findings are shown in Fig. 1. While
the majority showed a fall this was usually modest, and in six
the count rose.

White Count in First Hour of Dialysis

These changes were obvious and dramatic. In 10 patients
selected at random the same kind of changes in white cell count
were seen; there was a precipitate fall in the neutrophil count,
so pronounced in two patients that at one point no neutrophils
could be found in the blood smear. The fall was at its maximum
at between 10 and 30 minutes, and in all instances the neutro-
phil count was close to its starting level at one hour. The
upper panel of Fig. 2 shows the changes occurring in six of
our patients. Changes of this kind were seen in patients who
had been dialysed for more than two years and were just as

dramatic in a patient undergoing her first-ever dialysis. During
the fall in the neutrophils there was no comparable fall in the
lymphocyte count, as is shown by the lower panel of Fig. 2.
There was also no significant change in the packed cell volume
during the first hour of dialysis.
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A second step was then taken to see if a repeat of the first
hour of dialysis immediately after the white count had returned
to normal would again produce a fall. Three patients were
studied by connecting them to a fresh dialyser after an hour
of treatment on their usual dialyser. As can be seen from
Fig. 4 there was a fall in white count on both occasions, though
the neutrophil count did not fall to such a low absolute level
on the second exposure. From this it was concluded that even

immediately after recovery from a dialysis-induced neutropenia
the patient was not rendered immune to further neutropenia
on exposure to a fresh dialyser.
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FIG. 2.-Upper panel: total neutrophil count during first two
hours of dialysis. Lower panel: lymphocyte count over the same

period.

These changes are exactly comparable to those noted in four
patients treated on a coil dialyser with a blood pump by
Kaplow and Goffinet (1968).

Causes of Change in White Cell Counts

Kaplow and Goffinet (1968) have already shown that the
disappearance of white cells is not due to the heparin, the blood
pump, or the plastic tubing leading to and from the dialyser.
Like them we were unable to detect any difference in white
counts made on blood taken simultaneously from the arterial
and venous side of the dialyser. Several other possibilities were
therefore investigated.

In three studies the normal dialysing fluid was replaced by
isotonic saline for the first hour of dialysis. This was done
by using a small individual circuit in which 5 litres of saline
could be recirculated. After an hour the patient was connected
to the normal dialysate supply without any change of dialyser.
The fall in neutrophil count occurred in this situation during
the first hour of dialysis against isotonic saline; after connect-
ing the dialyser to the normal dialysing fluid there was no
further fall (Fig. 3). From this it was concluded that the
composition of the dialysis fluid was not a critical factor in
producing a fall in the white count.
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FIG. 3.-Ncutrophil count during an hour of dialysis
against isotonic saline. After an hour normal dialysis fluid
replaced the saline. FIG. 4.-Changes in neutrophil count
seen when a patient is connected to a fresh dialyser after

an hour of dialysis.

It was decided to see if the neutropenia was caused by fluid
coming from the blood compartment of the dialyser to the
patient at the start of a dialysis. Much of this fluid (isotonic
saline that has to a large extent equilibrated with the dialysis
fluid) is discarded at the start of dialysis, but the patient does
receive a bolus of about 100 ml. when first connected. Since
this fluid has been in contact with the dialysing surface for
some time it seemed possible that it might have acquired some

"toxic " properties from the dialysing membrane.

Three patients were studied in the following way: the fluid
issuing from the dialyser blood compartment at the start of
dialysis was collected in a sterile pyrogen-free bottle instead
of being discarded. Dialysis was then begun in the usual
manner. Blood was taken at intervals during the first hour
for white counts, and 70 minutes after the start of dialysis the
fluid which had been collected at the beginning was rapidly
infused into the venous line leading from the dialyser to the
patient. The volume of the fluid was about 100 ml. and the
infusion took about 20 seconds; it was therefore comparable
to the events occurring at the start of a normal dialysis. In
all patients the striking fall in white count was seen in the first
hour, but after the infusion there was no significant change in
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the neutrophil count (Fig. 5). From this it was concluded
that the fluid which the patient obtained from the blood com-
partment of the dialyser at the beginning of treatment was not
the cause of the neutropenia.
A further development of this experiment was carried out in

the following manner. A fresh dialyser was filled either with
blood from the patient who was being studied or with bank
blood about to be transfused into the patient. The dialyser
was then clamped off and the blood left in it for 10 minutes.
At the end of this time the blood (about 150 ml.) was collected
in a sterile bottle and promptly infused rapidly into the patient
through the venous limb of the arteriovenous shunt. The shunt
was then reconnected, and blood samples were taken over the
next hour; at the end of this time the patient was connected
to the dialyser in the conventional manner and white counts
were performed for the first hour of dialysis. Whether bank
blood or the patient's own blood was infused after spending
10 minutes in the dialyser there was no fall in white count, but
when connexion was made to the same dialyser an hour after
the infusion a prompt fall in neutrophil count occurred and
was no different from that seen in our other experiments.

Figure 5
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FIG. 5.-Left: normal response to dialysis. Right: effect
of infusing 100 ml. of original contents of blood compart-
mznt of dialyser into same patient during second hour of
dialysis. FIG. 6.-Left: Response of two patients to
dialysis. Right: response when same dialyser was reused

two days later after rinsing and sterilization.

From this we concluded that allowing blood to be in contact
with the dialysing membrane for a period did not induce
changes in the blood that could lead to neutropenia when
infused into the circulation.

In the renal unit at Fulham Hospital a dialyser is used on
one occasion only and is then rebuilt; when patients are trained
to dialysp themselves in their own home, however, they rinse
the dialyser out at the end of one dialysis and resterilize it for
use again without replacing the membranes. Thus the same
dialysing surface is used on two or three occasions. It was
decided to take advantage of this to see if exposure to the same
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dialyser could lead to neutropenia after it had been used and
then thoroughly rinsed before reuse.

Four patients were studied, two dialysing themselves at home
and two undergoing training for home dialysis. Two types of
result were seen and are exemplified by two cases shown in
Fig. 6. Case A. B. was being trained for the home and was
reusing his kidney on one occasion before rebuilding. After
the first dialysis the dialyser was rinsed by passing 3 litres of
tap-water through it in each direction, making a total of 6 litres
of rinsing fluid. It is apparent that on reusing the dialyser
there was a much less striking fall in neutrophil count than
had been seen on its original use. By contrast Case C. D.
showed as pronounced a fall in white count on the second use

of her dialyser at home as on the first occasion it was used.
Her rinsing technique was more generous than the one she had
been trained to use in hospital, since she used a total of 10 litres
of fluid. Of the four cases studied three showed a much less
obvious fall of neutrophils on reuse than on the original use of
the dialyser, and only one case C. D. showed a similar fall on
each occasion. From this it is tentatively suggested that the
rinsing procedure may be critical to the changes in white cell
count that have been seen.

Discussion

The remarkably predictable fall in neutrophil count seen

with haemodialysis appears to be a unique phenomenon. The
only comparable changes in peripheral white count are those
produced by the intravenous injection of compounds of high
molecular weight (Leusen and Essex, 1953), or pyrogens
(Bennett and Beeson, 1950). In these reactions, however, the
leucopenia is associated with systemic disturbances such as

fever, whereas the chahges seen with dialysis are symptomless.
Kaplow and Goffinet (1968) thought that the return to normal
of the white count as dialysis proceeded was largely due to the
inclusion of young cells released from the bone marrow; they
suspected that the disappearing cells were sequestered some-

where, possibly in the lungs, though their ultimate fate was a

matter for speculation. They may be destroyed or they may

return to the peripheral blood as rapidly as they left it.
The astonishing feature of these changes is that they are so

striking, so rapid, and so quickly reversible. They have now
been described when gamma-ray sterilized coil dialysers
(Kaplow and Goffinet, 1968) and formaldehyde sterilized Kiil
kidneys are used, and they occur in all the patients studied, on

the four-hundredth as well as the first dialysis.
Clearly much remains to be done to clarify what is happening

to the blood during its passage through a dialyser. It is believed
that the persistent anaemia seen in many patients on mainten-
ance dialysis (Curtis et al., 1969) is one of the major problems
of this therapy, and it may well be that the dramatic changes
occurring in the white cell population are indicative that dialysis
per se is damaging to the formed elements of the blood. It is
of interest that the reuse of a dialyser after washing it with
tap-water seems, in some cases, to prevent the fall in white cells.
Possibly the membrane is coated with protein material which
limits the contact of the dialysing surface with the blood.
Presumably the patient (Case C. D.) who washed her dialyser
more thoroughly than she had been taught may have been
washing off the "protective " layer of debris that our other
patients were leaving behind. From the present findings, in
conjunction with those of Kaplow and Goffinet (1968), it is
clear that the patient and the dialyser are an essential combina-
tion in the production of the changes of neutrophil count.
They are unrelated to the type of dialyser, the anticoagulant
used, the previous dialysis history of the patient, the presence

of a pump in the circuit, or the composition of the dialysis
fluid.
There is no doubt that these findings are astonishing for their

intensity and reversibility. They provide a fascinating puzzle,
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and possibly an exciting model for the study of factors which
may control and regulate the formed elements of the peripheral
blood.

We wish to thank the nursing staff of the renal unit at Fulham
Hospital for their help with these studies and Mr. M. G. Ventom
for valuable technical assistance.
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Venous Effects of Oral Contraceptives

ELLEN C. G. GRANT,* M.B., CH.B., D.OBST.R.C.O.G.

British Medical Journal, 1969, 4, 73-77

Summary: In a five-year analysis of an oral contracep-
tive trial by the Council for the Investigation of

Fertility Control venous effects were the third most
troublesome group of side-effects with both combined and
sequential therapy. Vein complaints, leg cramps, and
thrombophlebitis were significantly more frequent with
the combined preparations that contained a relatively low
dose of progestogen and a high dose of oestrogen than
with the other groups tested. No cases of thrombo-
phlebitis occurred in women taking the strongly oestro-
genic sequential groups.

Histological examination of uterine curettings showed
that most progestogenic combined preparations were
associated with a high incidence of dilated endometrial
sinusoids, while the oestrogenic sequential regimens and
low-dose progestogen-only regimens had a low incidence.
The incidence of stromal condensation round the
sinusoids correlated with the incidence of leg cramps, and
these effects appeared to be specific for each preparation
tested.

Introduction

Since 1962 the possible association between oral contraceptives
and thromboembolic disease has aroused much interest and
conflict of opinion. No statistically significant increase in the
overall death rate from thromboembolic conditions was found
by the U.S. Food and Drug Administration in 1963 and again
in 1966, despite the large increase in the number of users of
oral contraceptives. A subcommittee of the Medical Research
Council (1967), however, published the preliminary results of
three investigations and concluded that there was a causal asso-
ciation between oral contraceptive use and thromboembolic
disease. The completed results showed a significant increase
in the death rate from pulmonary embolism and cerebral
thrombosis among oral contraceptive users, the risk being twice
as high in women over 35 (Inman and Vessey, 1968). Vessey
and Doll (1968) calculated that the likelihood of hospital admis-
sion for venous thromboembolism is about nine times greater
in women taking oral contraceptives than in those who do not.
Changes in certain blood-coagulation factors have been

reported among oral contraceptive users, but no relation could
be proved at present between the changes observed and the
occurrence of thrombophlebitis (Mears, 1965 and Drill, 1966).
In addition to changes in the blood, clotting also depends on
changes in both blood flow and vessel walls.

In our laboratory the appearance of endometrial arterioles
and sinusoids in uterine currettings have been examined as
part of the trial conducted by the Council for the Investigation
of Fertility Control, which began in 1961 to evaluate new oral
contraceptives. The clinical effect of the various progestogen/
oestrogen compounds depended on their hormone strengths
and balance (Mears, 1967). Grant (1967) classified the com-
pounds into three groups according to their endometrial effects
and break-through bleeding incidence.
Group 1. Strongly Progestogenic.-These have a short growth

phase, with subnuclear vacuoles from days 8 to 11, and a prolonged
atrophic or postsecretory phase. They have a low break-through
bleeding incidence (0 to 3%,, of cycles).
Group 2. Intermediate.-These have variable growth, secretory,

and atrophic phases with maximum subnuclear vacuoles between
days 8 and 20. The break-through bleeding incidence varies from
4 to 40% of cycles according to the lngth of the secretory phase.
Group 3. Strongly Oestrogenic (Sequential Regirnens).-These

produce more growth and secretion than normal over a longer period
but no postsecretory phase. They also have a low break-through
bleeding incidence of 0 to 5%,' of cycles.

All predominantly progestogenic oral contraceptives produce
a similar endometrial pattern. Throughout most of the cycle
the glands are small and inactive and the endometrium becomes
progressively more atrophic with prolonged therapy. This
makes it difficult to obtain specimens from every woman. Each
formulation, however, appears to have a specific effect on
vascular development throughout the cycle-irrespective of
cycle day-which may be different from that of other com-
pounds with a similar hormone balance, break-through bleeding
incidence, and endometrial pattern.

While arteriole development was found to be specific for
each formulation and corresponded with the first-year headache
incidence (Grant, 1968), mood changes-in particular depres-
sion and loss of libido-were related to hormone balance, and
were significantly more frequent with strongly progestogenic
compounds containing a low dose of ethinyloestradiol (Grant
and Pryse-Davies, 1968). The incidence of the third most
common group of side-effects-vein changes and leg cramps-
varies with each formulation but is also influenced by overall
hormone balance as is described in this paper. The effect of
steroids on the endometrial sinusoids is also described.

* Lately Medical Officer, Council for the Investigation of Fertility C6n-
trcl, 27-35 Mortimer Street, London W.1

Subjects and Methods

The organization and clinic routine of a clinical trial con-
ducted by the Council for the Investigation of Fertility Control
has been described in detail by Mears (1961). The volunteers
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