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ERYTHROCYTE SURVIVAL IN RHEUMATOID ARTHRITIS*

BY

S. M. LEWIS AND I. H. PORTER
Departments of Haematology and Medicine, Postgraduate Medical School ofLondon

The cause of anaemia in rheumatoid arthritis has
not yet been fully elucidated. Several workers have
suggested that haemolysis is at least a contributory
factor.

Using the Ashby method for erythrocyte survival
study, Alexander, Richmond, Roy, and Duthie
(1956) found that normal erythrocytes were elimi-
nated more rapidly than usual from the circulation
of patients with rheumatoid arthritis, whereas cells
from rheumatoid donors survived normally. Simi-
larly, Freireich, Ross, Bayles, Emerson, and Finch
(1957) found a normal survival of patients' erythro-
cytes in normal recipients but in thirteen rheumatoid
recipients normal donor cells were eliminated more
rapidly than normal, at a rate which ranged from
1 09 to 2 39 per cent. of the cells per day. This
destruction was interpreted as being random, and was
thought to suggest the presence of an extrinsic defect.

Radioactive chromium is an isotope which is
especially suitable for the study of the life span of
erythrocytes, as a patient's cells can be labelled,
and after re-injection, studied in their natural
environment. The 51Cr now available has a high
specific activity (10 mC. per mg.) so that a survival
study can be carried out using a low and apparently
non-toxic concentration of metallic chromium.
There have been very few previous reports of

survival studies in rheumatoid arthritis using this
method, and results have been equivocal (Ebaugh,
Peterson, Rodnan, and Bunim, 1955; Weinstein,
1959).
In the present paper we describe the results of

cell survival studies using 51,Cr in fifty patients
suffering from rheumatoid arthritis.

Methods
Erythrocyte Survival.-The patients' erythrocytes were

labelled with ttCr by a standard method (Mollison and
* Paper presented at a meeting of the Heberden Society on

December 5, 1959.

Veall, 1955) and then re-injected. Venous blood samples
were collected 10 to 15 minutes after the injection and
subsequently at regular intervals.

Radioactivity of 3-ml. volumes was measured in a well-
type scintillation counter with a thallium-activated
sodium iodide crystal of 5 cm. diameter. The measure-
ments of the initial blood samples were taken to represent
100 per cent. radioactivity content of the blood, and by
comparison with the radioactivity of subsequent samples
of blood the rate of loss of radioactivity from the circula-
tion was calculated. Results were corrected for isotope
decay and plotted on arithmetic graph paper.

Occult Blood.-Gastro-intestinal blood loss was esti-
mated by measuring the radioactivity of the stools
following the labelling process described above. The
stools were collected in waxed cartons of 16 oz. capacity,
each carton containing a 24-hour collection. The
radioactivity was counted by positioning the carton
between two scintillation crystals. It was separated
from the lower counter by a plastic ring so that the
specimen contained in the carton was approximately
equidistant from both crystals. The counting system
was surrounded by lead shielding and the responses of
both crystals counted together. A standard was pre-
pared from 3 ml. venous blood placed in a similar
carton and diluted with approximately 100 ml. water.
It was assumed that the radiation-absorbing properties
of faeces and water are the same, so that the blood content
of the faeces could be calculated directly from the ratio
of the two counts. This system of counting was found
to have a satisfactory geometry and sensitivity.

Routine Haematological Investigations.-Blood counts
and other haematological investigations were carried out
using standard methods. The erythrocyte sedimentation
rate (E.S.R.) was determined by the Westergren method.

Patients.-Investigations were carried out on sixteen
men and 34 women who had definite rheumatoid arth-
ritis according to the revised classification of the American
Rheumatism Association (Ropes, 1959). In all the
patients the disease was active. In 44 the E.S.R. was
15 mm./hr or more, and in the remainder the disease
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ER YTHROCYTE SURVIVAL IN RHEUMATOID ARTHRITIS
was judged to be active on clinical findings. Ages
ranged from 12 to 79 years. Patients with evidence of
complicating factors, such as Felty's syndrome or lupus
erythematosus, were excluded.
Many of the patients had received various forms of

therapy in the past, and salicylates were administered
to all during the course of the present investigation. Nine
patients were receiving steroids at the time of the com-
mencement of the erythrocyte survival study.

Results
Results of the erythrocyte survival studies were

plotted on arithmetic graph paper and compared
with the results obtained in a similar study of twenty
normal healthy men and women subjects (Fig. 1).
They have been corrected for decay but not for
elution of chromium from intact erythrocytes.
Correction formulae are partly empirical, and it
appears to be more satisfactory to interpret results
by comparing findings in patients with those in
normal subjects without applying any correction
factors. The normal range shown consists of the
mean measurements in the twenty normal subjects,
with two standard deviations. All the measure-
ments in the normal subjects fell within this range.
In 46 of the patients with rheumatoid arthritis the
measurements of 51Cr activity were within the normal
range.
The most useful index of erythrocyte elimination

is the time taken for half the originally adminis-
tered chromium to disappear from the circulation
(TJ51Cr). The normal range has been reported
variously to be between 23 and 440 days (Berlin,
Waldmann, and Weissman, 1959). In our normal
subjects it was found to be 25 to 35 days.

In 46 of the patients with rheumatoid arthritis,
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T 51Cr was between 25 and 35 days. In the remain-
ing four cases T151Cr was 24, 23, 23, and 19 days,
respectively.
As stated above, correction formulae are generally

unsatisfactory, but by applying an elution correction
it is possible to determine, at least approximately,
the pattern of a survival curve and the mean cell life.

In Cases 47 to 50, graphs of erythrocyte survival
have been replotted, after correction for an elution
half-time of 64 days, as suggested by Hughes Jones
and Mollison (1956). The results have been com-
pared with the normal range, similarly corrected
(Fig. 2, overleaf).

In these four cases there is an early loss of approxi-
mately 15 per cent. of the erythrocytes and there-
after the remaining cells appear to be eliminated at
a normal rate, so that the slope of elimination
parallels that of the normal subjects. In Cases 48
and 49, survival studies were repeated approxi-
mately 6 months later. On this occasion there was
no demonstrable early loss of 51Cr, and TJ51Cr
was 35 days and 29 days respectively, with a normal
slope of elimination.
During the erythrocyte survival studies all stools

were collected and the blood content estimated. The
figures in the Table (overleaf) represent the average
daily blood loss over a 30-day period. In Case 48,
this was 20 ml. per day, and at least theoretically
this could account for the increased rate of elimina-
tion of 51Cr from the circulation. On the second
labelling there was a loss of only 1 ml. per day when
the survival study showed a normal rate of elimina-
tion. However, in Case 49, there was no such
correlation, and 5 ml. per day was the average loss
throughout both survival studies. Moreover, the
relatively large average amounts of blood lost in

* S =a;-

DAYS
Fig. I.-Erythrocyte survival studies in fifty patients with rheumatoid arthritis. Results have been corrected for isotope decay but not for

chromium elution. The normal range (twenty subjects) is shown by the interrupted lines.
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ANNALS OF THE RHEUMATIC DISEASES
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Fig. 2.-Erythrocyte survival studies in four patients in whom the results fell outside the normal range. Corrections have been applied for

isotope decay and for elution of chromium.

Cases 17 and 23 were not associated with measurable
increased elimination from the circulation. In
some cases the daily amount of blood loss varied
from nil to 50 ml., but the "early loss" of radio-
activity from the circulation in Cases 47, 48, 49, and
50 was not associated with increased gastro-
intestinal bleeding during that period.
A number of the patients were anaemic but there

was no obvious close relationship between the
degree of anaemia and the activity of the disease
(Table, opposite).

Discussion
There have been few reports of erythrocyte

survival studies in rheumatoid arthritis and the
principal previous observations have been made on
the results of studies using the Ashby method.
However, this technique has limitations; it is now
recognized that cross transfusions not infrequently
result in diminished survival even when there are
no demonstrable antibodies (Mollison, 1959). It
is conceivable that the incompatibility may be even
greater in patients with rheumatoid arthritis. By
the use of radioactive chromium it has been possible
to study the survival of the erythrocytes of such
patients in their natural environment.

Erythrocyte survival studies have been carried out
on fifty patients with active rheumatoid arthritis in
a number of whom there have been varying degrees
of anaemia.

In 46 of the fifty patients, erythrocyte survival
was normal and in only four was there evidence of
an increased rate of erythrocyte elimination. This
was due to an "early loss" of approximately 15 per
cent. of the labelled erythrocytes, with a subsequent
normal slope of the curve. The reason for the early
loss of radioactivity from the circulation is un-
explained, though an early loss of approximately
10 per cent. is often encountered in normal subjects
(Mollison, 1959). But even if the "early loss" in
the patients with rheumatoid arthritis had been of
greater significance than that which occurs in normal
subjects, the increased rate of cell elimination is only
slightly greater than normal. The early loss was
not associated with any concomitant fluctuation in
packed cell volume or with excessive blood loss.
It was not seen on a subsequent occasion in two
of the patients in whom survival studies were
repeated under conditions similar to those of the
first study.

Gastro-intestinal bleeding occurred to a varying
extent in all but one of the patients, but except
possibly in one instance (Case 48) the amount was
not sufficient to have had a significant influence on
the rate of elimination of the labelled erythrocytes
from the circulation.
The occurrence of haemolysis in patients with

lupus erythematosus and Felty's syndrome is well
recognized, and has been demonstrated in several
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ERYTHROCYTE SURVIVAL IN RHEUMATOID ARTHRITIS
TABLE

CLINICAL AND HAEMATOLOGICAL DATA AND RESULTS OF 51CR STUDIES
IN FIFTY PATIENTS WITH RHEUMATOID ARTHRITIS

57

Daily Mean
Case Age Sex Duration of Hb E.S R. T*I5Cr Gastro-
No. (yrs) Disease (yrs) (g./100 ml.) (mm./hr) (days) Intestinal

Blood Loss (ml.)
1 49 F 1 11 9 125 35 2
2 54 F 5 11.8 50 35 3
3 55 M 3 12-8 117 34 1
4 61 F 4 11.1 78 34 3
5 25 M 12 158 30 33 3
6 63 F 19 12 9 80 33 4
7 55 F 5 11 9 85 33 3
8 51 F 1 14 2 18 31 2
9 63 F 19 11-6 94 31 2
10 48 F 10 11.0 S5 31 1
11 34 F 1 10-4 108 31 1
12 60 F 16 11 5 80 30 2
13 65 M 16 11*4 80 30 2
14 78 F 20 112 66 30 2
15* 29 F 10 10.9 10 30 1
16f 66 F 14 10-8 69 30 2
17t 50 F 1 8*9 70 29 9
18t 58 F 4 8-1 112 29 3
19t 79 F 6 12-7 63 28 2
20t 39 F 8 12 5 82 28 1
21*t 54 F 2 12*4 28 28 1
22* 51 F 7 11-5 73 28 2
23 65 F 16 10 5 88 28 7
24* 48 M 20 16 0 37 27 3
25 64 F S 152 60 27 1
26* 73 M 16 14 9 15 27 0
27 56 M 15 14 5 10 27 3
28 46 M 2 12 9 39 27 2
29* 49 F 4 12 8 25 27 1
30 40 F I 10 3 83 27 2
31t 25 M 3 10-2 70 27 1
32t 50 M 1 15 2 5 26 1
33 57 F S 12*5 60 26 3
34t 61 F 17 12 3 14 26 3
35 52 F 17 11.1 80 26 1
36* 69 M 20 10*8 76 26 1
37 42 F 20 10*6 45 26 1
38 74 F 15 9 1 24 26 1
39t 63 M S 14-8 30 25 2
40 50 F 25 14-1 31 25 1
41* 69 F 23 13-6 10 25 2
42 67 M 13 13-4 30 25 1
43t 51 F 12 13-2 10 25 2
44 12 M 1 118 63 25 5
45t 54 M 4 10*8 90 25 4
46 18 M 10 9*7 56 25 6
47 47 F 13 12-4 68 24 1
48$ 21 F 4 12-4 40 23 20
49$ 53 F 20 13-6 100 23 5
50t 40 M 23 14-3 26 19 3

Normal I 13*5-18-0 3-5 25-35 0
Range 11*5-16-4 4-7 25-35 0

* Patient on steroid therapy before and during survival study.
t D.A.T. less than 16, but diagnosis established by presence of nodules and/or x-ray changes.
$Survival studies were repeated approximately 6 months later with the following results:

Case
No.

48
49

Daily Mean
Gastro-

Intestinal
Blood Loss (ml.)

5

patients investigated by us, but not reported here.
The present series did not include any patients
with such complicating features.

Several of the patients with normal erythrocyte
survival had received steroid therapy before and at

the time of the investigation. It is, of course,
possible that cell survival was influenced by this
treatment, but by far the greatest number of patients
with normal survival had not received any treatment
other than salicylates.

copyright.
 on M

ay 16, 2023 by guest. P
rotected by

http://ard.bm
j.com

/
A

nn R
heum

 D
is: first published as 10.1136/ard.19.1.54 on 1 M

arch 1960. D
ow

nloaded from
 

http://ard.bmj.com/


ANNALS OF THE RHEUMATIC DISEASES
Summary

Using the isotope 51Cr as a label, erythrocyte
survival studies were carried out in fifty patients with
active rheumatoid arthritis. In all cases the patient's
own cells were labelled.
No cases of Felty's syndrome or lupus erythe-

matosus were included in the series.
In 46 of the patients (92 per cent.), erythrocyte

survival was normal. In the remaining four patients,
there was only a slight increase in the rate of cell
elimination, caused by the early loss of approxi-
mately 15 per cent. of the labelled cells. The reason
for this "early loss" is unknown. Gastro-intestinal
bleeding occurred to a varying extent in almost
all of the patients, but in only one case was the
amount sufficient to have had a detectable influence
on the rate of elimination of the labelled erythrocytes
from the circulation.

Haemolysis is not a feature of rheumatoid
arthritis, and is not a significant factor in the develop-
ment of the anaemia which is often associated with
the disease.
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Discussion.-DR. W. R. M. ALEXANDER (Edinburgh)
said that unpublished work by Richmond had confirmed
these findings. The thought had occurred to him that,
in rheumatoid arthritis, the erythrocytes reaching the
peripheral circulation were relatively resistant to destruc-
tion, the more susceptible cells being destroyed in the
marrow. This might explain the normal elimination of
rheumatoid erythrocytes and slightly more rapid elimina-
tion of healthy erythrocytes in rheumatoid arthritis.
DR. J. J. R. DUTHIE (Edinburgh) said that they should

remind themselves that normal cells were undoubtedly
destroyed more rapidly when introduced into the rheu-
matoid circulation. A rheumatoid red cell might develop
a resistance to this process.

PROF. J. H. KELLGREN (Manchester) said that he under-
stood from the authors' definition that any patient
showing presumptive evidence of haemolysis, e.g. large
spleen, leukopenia, etc., was eliminated from the study,
and asked whether that would be a correct estimation?
DR. LEwis replied that in the few cases in which there

was an early loss of a percentage of the radio-activity,

this occurred rapidly and appeared to conform to the
pattern which is frequently seen in normal subjects, in
whom the Tj of this early loss has been estimated to be
1 days. In normal subjects it has been thought un-
likely that this represents a population of cells especially
susceptible to destruction, but rather to some process
such as elution of the 5'Cr. In any event, this early
loss occurred in only four of the patients studied.
With regard to selection of material, the investigation

was undertaken in order to assess whether haemolysis
occurred in uncomplicated rheumatoid arthritis and
whether it could be blamed for the anaemia which
may be found even in the absence of complications such
as hypersplenism. Several of the patients included in
the series were anaemic with haemoglobin values as low
as 8 g. per cent. In cases with hypersplenism, haemo-
lysis is well recognized, and had been demonstrated in
several patients studied during the course of the present
investigation.

Survie des krythrocytes dans l'arthrite rhumatismale
RESUME

On 6tudia la survie des Erythrocytes chez cinquante
malades atteints d'arthrite rhumatismale 6volutive;
l'isotope 5tCr fut utilis6 pour marquer des globules
rouges de chaque malade.
La vie moyenne des erythrocytes fut normale chez 46

malades (92%). Chez les quatre malades restants, le
taux d'elimination des globules rouges n'augmenta que
tres peu; cette augmentation fut causee par une perte
initiale de 15 pour cent environ des erythrocytes marques.
On ne connait pas la raison de cette "perte initiale".
Chez presque tous les malades on nota des hemorragies
gastrointestinales d'intensite variable, mais dans un cas
seulement la perte sanguine fut suffisante pour se refleter
dans le taux d'elimination des erythrocytes marques.

L'hemolyse n'est pas un caractere de l'arthrite rhuma-
tismale et ne constitue pas un facteur appreciable dans
l'anemie qui souvent accompagne cette maladie.

Vida media de los eritrocitos en la artritis reumatoide
SUMARIO

Se estudio la vida media de los eritrocitos en cincuenta
enfermos con artritis reumatoide evolutiva, sirviendose
del is6topo readioactivo 5tCr para marcar los hematies
de cada enfermo.
La vida media de los hematies fue normal en 46 de los

enfermos (92%). En los otros cuatro enfermos hubo
solamente un ligero aumento en la tasa de eliminaci6n
de los eritrocitos, ocasionado por la temprana des-
trucci6n de un 15 por ciento aproximadamente de los
hematies marcados. La causa de esta "temprana
destruccion" es desconocida. En casi todos los enfermos
se detect hemorragia gastrointestinal de grado variable,
pero solamente en un caso fue lo suficiente copiosa para
reflejarse en la cifra de eliminaci6n de los eritrocitos
marcados de la circulacion.
La hemolisis no es una caracteristica de la artritis

reumatoide, y por tanto no puede ser considerada como
un factor significative en la anemia que con frecuencia
aparece en dicha enfermedad.
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