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Occurrence of lymphopenia in heart failure
A. D. F. HURDLE, 0. H. B. GYDE, AND J. M. T. WILLOUGHBY'

From the Departments of Haematology, St. Thomas's and Lambeth Hospitals,
and the Department of Clinical Chemsitry, St. Thomas's Hospital, London

SYNOPSIS The incidence of lymphopenia and eosinopenia in 10 patients admitted to hospital in
heart failure was compared with that in 11 'cold' admissions and 10 with acute diseases admitted via
the Casualty Department. Plasma cortisol determinations were made simultaneously. A significant
difference was found between the heart failure group and the 'cold' controls in respect of lympho-
penia, eosinopenia, and cortisol levels. The 'acute' control patients showed an overlap with both
groups. It is concluded that this lymphopenia is part of a response to stress.

Seventy-two hours after admission there was no significant change in these values although the
figures suggest the beginning of a return to normal.

A reduction in the number of lymphocytes in the
peripheral blood is a familiar finding in patients
admitted to hospital. Such lymphopenia is usually
transient, normal white cell counts being found
later in the admission. No explanation has been
proposed for this phenomenon. Wintrobe (1961)
mentioned the relationship of lymphopenia to x-ray
therapy, miliary tuberculosis, systemic lupus erythe-
matosus, Hodgkin's disease, stressful stimuli, and
the administration of A.C.T.H., cortisone, and
nitrogen mustard. He also mentioned the poor
prognosis attaching to prolonged lymphopenia in
severe infections. Shillitoe (1950) reviewed the
laboratory records of a general hospital over a long
period and noted the diseases associatedwith lympho-
penia. He found heart failure the most frequently
occurring condition among a surprising variety of
illnesses including uraemia and cholaemia, and
speculated as to whether this indicated a direct
relationship or simply reflected a preponderance of
patients admitted with heart failure. Over a period
of about two months at Lambeth Hospital 56
routine differential white cell counts showed fewer
than 1,500 lymphocytes per c.mm. Uraemic patients
and those receiving radiotherapy were excluded.
The diseases, ages, and diagnoses are shown in
Table I. A variety of apparently unrelated conditions
is seen, with a preponderance of cases of heart
failure. Most patients were over 50 years of age. This
seemed to correspond roughly with the age and
disease distribution of patients admitted to the
medical wards and it seemed not unlikely that
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TABLE I
56 PATIENTS SHOWING LYMPHOPENIA SOON

AFTER ADMISSION TO HOSPITAL

Diagnosis No. of
Patients

Heart failure
Pneumonia
Bronchitis
Malignant disease
Cerebrovascular accident
Abdominal pain
Chronic retention of urine
Haematemesis
Intestinal obstruction
Pulmonary embolus
Retinal vein thrombosis
Gangrene of toes
Cellulitis
Low back pain
Migraine
Iron-deficiency anaemia
Cystitis in pregnancy
Obesity

22
11
5
4
3

l

l
1
l

i

Age (yr.)

47-93
47-84
25-76
62-79
64-87
24
88
77
45
56
78
92
52
61
20
76
21
77

'stress' was the common factor. It was decided to
investigate the occurrence of lymphopenia in patients
with heart failure on admission to hospital, recording
the eosinophil count and measuring the plasma
cortisol at the same time. These observations were
repeated 72 hours after admission to allow the
relaxation of any stress produced by the admission
itself.

MATERIAL AND METHODS

Ten patients in heart failure, over the age of 50, were
compared with 10 patients, admitted with acute diseases
other than heart failure, selected only to match the first
group in respect of age. The patients in heart failure
make an unselected group, being consecutive acute
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admissions with this complaint. These two groups were
compared with 11 patients, also over 50 years of age,
admitted to the medical ophthalmic unit for the investiga-
tion of visual defects. Most of these patients were suffer-
ing from uveitis or retinal vein thrombosis. None was
acutely ill and they constituted a group of 'cold' admis-
sions who might be expected to be less 'stressed'.

Daily white cell counts and 'wet' eosinophil counts
were made for six days, the initial counts being made
within four hours of admission. Heparinized blood was
taken for plasma cortisol estimation on admission and
three days later. Because of the diurnal variation in
plasma cortisol in health the second sample was taken
72 ± i hours after the first. The great majority of
patients in all groups were admitted in the afternoon
between the hours of 3 p.m. and 6 p.m. (Table II).
White cell counts were made using bulb pipettes giving

a 1 in 20 dilution of blood in 1% of acetic acid. The cells
covering an area of 8 sq. mm. of a Neubauer chamber
were counted. Differential counts were made on 200 cells
in a film prepared with Leishman's stain. The lower
normal limit of the lymphocyte count was taken as 1,500/
c.mm. and that of the eosinophil count as 40/c.mm.
(Dacie and Lewis, 1963).

Eosinophil counts were made using a 1 in 20 dilution
of blood in 0-1% of phloxine in propylene glycol. The

cells covering the whole 16 sq. mm. area of a Fuchs-
Rosenthal chamber were counted.
Plasma cortisol estimation was carried out by the

method of Mattingly (1962) which, depending as it
does on fluorescence of a crude plasma extract, inevitably
takes in corticosterone as well. The term cortisol in the
text is a convenient substitute for the 11-hydroxycorti-
costeroids actually measured. In practice cortisol con-
tributes most of the fluorescence. The normal range in
10 members of the laboratory staff at 9-10 a.m. was
7-27 jug./100 ml. (mean 13-3 ,ug./100 ml.). Studies of the
diurnal variation of plasma 1 7-hydroxycorticosteroids
(Perkoff, Eik-Nes, Nugent, Fred, Nimer, Rush, Samuels,
and Tyler, 1959) suggest that afternoon values may be
4-6 ,ug./100 ml. lower than those in the morning. Although
we used a different technique from the above authors it
seems safe to assume that a similar diurnal variation
would be demonstrable.
Blood urea was measured in all patients in heart

failure, on admission, using a diacetyl monoxime method
in an Autoanalyzer (Skeggs, 1957).

RESULTS

Figure 1 shows the lymphocyte and eosinophil
counts of the patients in the three groups, on

TABLE II
PLASMA CORTISOL LEVELS, BLOOD UREA, AND TIMES OF ADMISSION OF PATIENTS

Plasma Cortisol
(,g./100 ml.)

On Admission 72 Hours

Time of
Blood
Sample on
Admission

Blood Urea Age (yr.)
(mg./100 ml.)

Heart failure
Heart failure
Heart failure
Heart failure
Heart failure
Heart failure
Heart failure
Heart failure
Heart failure
Heart failure

Uveitis
Retinopathy
Blurred vision
Ocular myopathy
Uveitis
Diplopia
Diabetes
Retinal vein occlusion
Uveitis
Uveitis
Retrobulbar neuritis

Haematemesis, 'shock'
Acute peptic ulcer
Acute appendicitis
Head injury
Fractured femur, no 'shock'
Fractured femur, no 'shock'
Cerebrovascular accident
Mediastinal obstruction due to carcinoma

Cerebral haemorrhage

Intestinal obstruction
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Case No.

2
3
4
5
6
7
8
9
10

2
3
4
5
6
7
8
9
10
11

2
3
4
5
6
7
8

'Cold' controls

'Acute' controls

36
40
44
50
20
34
22
47
39
20

26
32
19

40
20

32
28
33
18

30
46
42
39
27
24
57
43
22
18

22
12
22
22
27
14
14
19
15
17
20

17
15
12
22
45
25
23
50

54

16

24
30
35
34
35
16
13
56
16
28

18
18
19
22
31
23
18
24
13
8

24

Died within
24 hours
Died within
24 hours

5 p.m.
5 p.m.
4 p.m.
4 p.m.
6 p.m.
8 p.m.
6 p.m.
5 p.m.
5 p.m.
5 p.m.

12 a.m.
1 p.m.
5 p.m.
5 p.m.
4 p.m.
3 p.m.
3 p.m.
4 p.m.
4 p.m.
4 p.m.
4 p.m.

3 p.m.
12 a.m.
4 p.m.
11 a.m.
2 p.m.
9 a.m.

4 p.m.

3 p.m.

5 p.m.

65
53
52
50
71
58
62
69
66
69

55
57
62
61
69
62
64
52
50
71
50

54
64
63
58
61
63
75
56

52

51

Diagnosis
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admission, plotted against plasma cortisol. The areas
bounded by the experimental points have been
drawn in to illustrate the relationships between the
groups. It is clear that the 'cold' controls and the
heart failure patients form distinct groups with
very little overlap and that the 'acute' controls
overlap both. There is a significant difference between
the heart failure group and the 'cold' controls in
respect of all three parameters (cortisol, p < 0 001;
lymphocytes, p = 005; eosinophils, p < 005). In
general, patients in heart failure have, on admission,
higher plasma cortisol values and lower lymphocyte
and eosinophil counts than 'cold' admissions.
Patients with other acute illnesses show values
overlapping both groups.

Figure 2 shows the heart failure and 'cold'
control groups at 72 hours. No observations were
made on the 'acute' controls at this time as some had
surgical operations on admission which might have
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FIG, 1. Lymphocyte and
eosinophil counts of
patient and control groups,
on admission, related to
plasma cortisol.

raised the plasma cortisol level. After 72 hours
the mean plasma cortisol, lymphocyte, and eosino-
phil counts of the 'cold' controls remained virtually
unchanged. The mean plasma cortisol of the heart
failure group fell from 34-8 ,ug./l00 ml. to 28-7 ,ug./
100 ml. Simultaneously the mean lymphocyte
count of this group rose from 1,023/c.mm. to
1,538 c.mm. and the eosinophils rose from a mean
of 29-5/c.mm. to 78 9/c.mm. None of these changes is
statistically significant (cortisol and lymphocytes
0-1 < p < 0-2, eosinophils 0 05 < p < 0 1) but
they may, nevertheless, reflect a return towards
normality. Had the tests been repeated after a
further week a more pronounced change might have
been evident. It can be seen that at 72 hours there is
considerable overlap between the two groups.
An attempt was made to correlate the level of

plasma cortisol with the clinical severity of the
illness. However, no relationship was found between

62



Occurrence of lymphopenia in heart failure
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FlG. 2. Lymphocyte
and eosinophil counts
ofpatient and control
groups, 72 hours after
admission, related to
plasma cortisol.

plasma cortisol and raised jugular venous pressure,
hepatic enlargement, peripheral oedema, moist
sounds in the chest, pulse rate, body temperature,
blood pressure, the nature of the heart disease, the
length of stay in hospital, serum bilirubin, alkaline
phosphatase levels, serum proteins, or thymol
turbidity. It is perhaps of interest that all four
patients with cortisol levels above 40 ,ug./100 ml.
had been ill for less than a week before admission
with acute respiratory disease. All other patients
had a much more gradual onset of their illness. It
would seem that the high cortisol levels are related
to the acute onset or to infection rather than to any
factor peculiar to heart disease. It is also interesting
to note that the two most seriously ill patients among
the 'acute' controls (cases 8 and 9, both of whom
died within 24 hours of admission) had the highest
plasma cortisol levels. Case 8 had a level of 50 ,ug./
100 ml. and died of mediastinal obstruction due to
carcinoma of the bronchus. Case 9 had 54 Mug./
100 ml. and died of cerebral haemorrhage. In neither

case did post-mortem examination show significant
infection.

DISCUSSION

The factors controlling the number of lymphocytes in
the blood are not well recognized. Lymphocytosis is
a relatively common finding in certain infections and
its occurrence has often been recorded even if its
cause was not understood. Lymphopenia has
attracted far less attention, presumably because its
clinical importance is not so obvious. Nevertheless,
it is a common finding, particularly on admission to
hospital, and our evidence suggests that it is a result
of stress. Publications on stress are legion and only
a few are referred to here. Many stress-producing
situations have been investigated in experimental
animals and in man, e.g., adrenaline injections
(Frank and Dougherty, 1953; 1955), anoxia, cold,
exercise, and surgey (Thorne, Jenkins, and Laidlow,
1953), trauma and anaesthesia (Moore, 1957).

I
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Usually, in man, depression of the lymphocyte and
eosinophil counts has been noted in association with
an increase in the 17-hydroxycorticosteroid excretion
in the urine. Curiously, Goldman and Bassett (1952)
found a normal level of neutral, lipid-soluble
reducing steroids in the urine of patients in heart
failure. One would expect this fraction to be increased
in the presence of a high plasma cortisol, although it
only represents a small part of what would, today, be
estimated as ketogenic steroids. It may be that
these patients were not seen on admission and in
any case several factors other than the blood level
affect the excretion of cortisol. Hills, Forsham, and
Finch (1948), noted transient lymphopenia up to
24 hours in duration, in volunteers given A.C.T.H.
infusions over four days. The high cortisol levels in
our subjects in heart failure, presumably the result
of adrenal activity, were not associated with so
short-lived a lymphopenia. However, Hills' observ-
ations were made in two normal subjects only. Bliss,
Nelson, and Samuels (1954) found the eosinophil
count after A.C.T.H. infusions more closely related
to the plasma 17-hydroxycorticosteroid level than
was the lymphocyte count, and our observations
support this. On admission, all our six patients in
heart failure who had raised plasma cortisol showed
eosinopenia. Only three of these were lymphopenic.
In addition four showed lymphopenia with a normal
plasma cortisol level. This hormone is clearly only
one of the factors which determine the lymphocyte
count. The mean plasma cortisol for the 11 'cold'
control patients on admission was 20 4 ,ug./100 ml.
at 12 a.m-5 p.m. although the mean level for 10
healthy laboratory workers was 13-3 ,ug./100 ml. at
9-10 a.m. The values for both groups fell within the
published normal limits for the method used but the

hospital patients had a much higher mean figure.
This difference may be further heightened if allow-
ance is made for the difference in time of collection
of blood, i.e., blood taken in the morning would be
expected to show higher levels than in the afternoon.
It would seem likely that the difference is a result of
the stress of illness and/or hospital admission. It is
perhaps, tempting to think that plasma cortisol
relates directly to severity of illness but Table I
shows several members of the 'acute' control group,
severely ill, e.g., case 1, who had normal cortisol
levels. Nevertheless, the two highest cortisol levels
in this group were found in patients who died a few
hours later.
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