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Hypersplenism in Wilson's disease
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SUMMARY Thirteen patients with Wilson's disease were compared with seven cirrhotic and 13
normal controls to define better the haematological abnormalities in this condition. Hypersplenism
(anaemia, leukopenia, thrombocytopenia, and reduced red cell survival) commonly occurred in
patients with both Wilson's disease and cirrhosis. These abnormalities correlated with splenic
enlargement. Despite reduced haematocrits, red cell mass was greater in these two groups than in
normal controls. Plasma volume and the body haematocrit/peripheral haematocrit ratios were also
greater in patients with Wilson's disease and cirrhosis. Increased splenic sequestration of 51Cr-tagged
red blood cells was not demonstrated in any subjects. The hypersplenism in patients with Wilson's
disease is similar to that found in patients with cirrhosis from other causes.

Splenomegaly and pancytopenia are common in
Wilson's disease, a rare hereditary illness with an

excessive burden of copper in the body. Patients with
Wilson's disease have cirrhosis of the liver, a

condition in which hypersplenism is frequent.
Haemolytic anaemia has also been reported in
Wilson's disease (Mclntyre, Clink, Levi, Cumings,
and Sherlock, 1967).
To gain further insight into the association of

pancytopenia and splenomegaly, routine haemato-
logical tests, red cell mass and survival with 5"Cr-
tagged red blood cells, and plasma volume with
"2'I-tagged albumin were performed on 13 patients
with Wilson's disease, and the findings were com-

pared with those of seven patients with cirrhosis of
the liver and 13 normal controls. External monitoring
was performed over the spleen after the injection of
51Cr-tagged RBCs to detect any splenic sequestration
of RBCs. Results of all these studies were correlated
with splenic size as estimated by palpation and per-

cussion.

Materials and Methods

SUBJ ECTS
All subjects were Chinese natives of Taiwan. The 13
patients with Wilson's disease were aged 11 to 48
(average 19.6) years and included six males (Table I).
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On physical examination seven were noted to have
enlarged spleens; another had had a splenectomy for
'hypersplenism'. The data from the seven patients
with clinically enlarged spleens and the remaining
six were analysed separately. The seven control
subjects with cirrhosis had the diagnosis established
by liver biopsy. All were males ranging in age from
40 to 53. All but two had abnormalities in routine
liver function tests, but none was icteric or had
evidence of neurological or renal dysfunction. All
seven had enlarged spleens (Table 1). The 13 normal
controls were all young adults (nine males, four
females) who had no disease or condition related to
the hepatic or haematological systems In all the
livers and spleens were not palpable and the liver
was ofnormal size by percussion. Standard liver func-
tion tests were also normal.

STUDY PROCEDURE
The techniques of Gray and Sterling (1950) and
Crispell, Porter, and Nieset (1950) were modified to
determine simultaneously the red cell mass and
plasma volume using 40 uCi Na2Cr6104 and 5,Ci
1251-labelled human serum albumin (RISA1). Blood
samples were drawn at 10, 20, 30, and 60 minutes to
determine red cell mass and plasma volume and three
times a week for three weeks to determine survival
half-time of 61Cr-labelled RBCs. Standards for
the 51Cr-labelled RBCs and 1251-RISA were
made following a standard dilution procedure.
Samples each of 3 ml of whole blood ("1Cr), plasma
'Rachromate-51 and RISA-125, Abbott Laboratories, North Chicago,
Ill.
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Subject Age Sex Clinical Symptoms K-F Spleen Caeruloplasmin Copper BSP (%) Bilirubin
Rings Enlarge- (mg/

Neuro- Hepatic ment' Ravin mg/100 Serum Urine Hepatic 100 ml)
logical Units ml)' (,g/100 (ug/d) (,ug/g dry

ml) tissue)

Patients with Wilson's Disease without Enlarged Spleens
WRC 25 M - - + - 0 0-022 5.0 24 99 32 0-8
LCJ 23 M - - + 0 0020 5-8 34 102 283 3 1-5
HHC 17 M + _ + -_ 0-020 5.0 54 768 7 0.3
TPO 11 F - - - 0 0-075 5-0 53 350 10 0.9
CIT 48 M + - + 0 0.057 8-7 60 729 13 0.5
KSH 14 M + - + 0 0-021 5.0 34 80 0 0.1
Patients with Wilson's Disease with Enlarged Spleens
SPC 11 F - - + ± 0-025 7-1 53 412 35 2-1
HYH 14 F + - + ± 0053 5-5 49 500 5 0-8
SFL 17 F + - + 1 0-032 5.0 33 346 5 0-8
CCL 12 F - - +- 1 0-021 40 16 264 315 15 1-8
SCI 18 M - - + 5 0.075 13-5 49 527 164 15 1-3
STL 16 F + + + 8 0-028 0 65 330 179 41 3-4
CSS 29 F + + + 9 0-025 5S0 25 361 190 2 1-8
Patients with Cirrhosis o0'Liver
YH 42 M - + - * 0-321 42 14
TCK 41 M - - ± 0284 34.0 31
TCT 44 M - + - 3 0317 52-0 5 1-3
YTH 47 M - + - 4 16 0.9
CTS 53 M - + - 5 17 1.3
FYP 40 M - + - 5 0-297 54.0 41 0.7
TSC 46 M - + - 6 0-378 25S4 5 1.1
NormWl Values
Mean - - 0 0.404 27.5 110.2 0.035 26-8 < 6 0-8
± SD 0-084 8-3 17.3 0-020 12.8 05

Table I Clinical and biochemical findings in subjects
'Enlargement in cm below LCB at AAL, ± = enlargement by percussion only.
'Immunological determination with Hyland immunoplates.
3Patient with splenectomy

(125I), and standards were counted sufficiently long
in a 3 in. x 3 in. NaI(tl) well-type scintillation
detector connected to a three-channel gamma-ray
spectrometer to give less than 3 % relative error with
95% confidence levels. Discriminator settings were
chosen so that 51Cr was counted without interferences
from 125I and a correction could be made for the
contribution of 51Cr counts at the 1251 setting. Plasma
volume was calculated from the extrapolated time
zero 125I count rate of the 10-, 20-, 30-, and 60-
minute samples while the red cell mass was calculated
from the average of the 20- and 30-minute 51Cr
whole blood count rates. Red cell mass was deter-
mined in all subjects while plasma volume was
determined in 24 of the 33 subjects. Each subject also
had external monitoring over the spleen with a
2 in. x 2 in. NaI(tl) scintillation probe for 18 to 25
days to determine if the spleen were sequestrating
RBCs. The external probe counts were corrected for
decay, the curve obtained during the first two hours
was extrapolated to zero time (CPMO), and all sub-
sequent counts (CPM) were expressed as the ratio
of CPM/CPMO. The ratios of the counts (CPM/
CPMO) were averaged by weeks for each subject and
results from patients with Wilson's disease and
cirrhosis were compared with results obtained in the
controls.

Splenic enlargement by palpation was graded in
centimetres below the left costal margin at the
anterior axillary line with the patient supine. The
method of Castell (1967) was used to detect splenic
enlargement by percussion only.

Results

ROUTINE HAEMATOLOGICAL FINDINGS
Patients with Wilson's disease and patients with
cirrhosis had lower haematocrits, white cell counts,
and platelet counts than controls (Table II). These
reductions were greatest in the patients with the
largest spleens.

BLOOD VOLUME STUDIES

Red cell mass was higher in all patient groups than
in the normal controls of the same sex (Table 11).
Plasma volume was greater in all patient groups than
in the normal control group, but only two of the
seven patients with Wilson's disease and splenic
enlargement had the plasma volume determined. As
expected, total blood volume was also greater in all
patient groups than in the normal control group. The
body haematocrit: peripheral haematocrit ratio was

significantly higher in the patients with Wilson's

Hypersplenism in Wilson's disease 221
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Subject Haematocrit WBC Platelet Reticulocyte Red Cell Mass Plasma Total Blood Body: RBC
(vol. %°) (x 101) Count Count (%) (ml/kg) Volume Volume Peripheral Survival

(x 10') (ml/kg) (ml/kg) Haematocrit T112(d)
Ratio

Patients with Wilson's Disease without Enlarged Spleens
WRC 43 550 172 0-7
LCJ 40 770 186 1I5
HHC 42 350 124 1-8
TPO 42 545 157 1-3
CIT 45 755 146 0.7
KSH 33 330 225 0.7
Mean 40-6 (M) 42-0 (F) 550 168 1-1
± SD 4-6 189 35 0.5
Patients with Wilson's Diseave with Enlarged Spleens
SPC 34 415 163 2.5
HYH 33 810 167 0-9
SFL 33 350 115 0-9
CCL 36 445 191 1-3
SCI 38 220 81 1i2
STL 32 150 91 1-6
CSS 32 355 83 1.3
Mean 38-0 (M) 33-3 (F)1 392' 127' 1-4'
± SD 15 212 46 0.5
Patients with Cirrhosis ofLiver
YH 45 470 144
TCK 44 460 142
TCT 39 425 168
YTH 47 375 58
CTS 36 410
FYP 40 485 72
TSC 44 620 54
Mean 42 1 464' 1061
± SD 3.9 79 50
Normal Controls
Mean 42-6 (M) 42-8 (F) 722 214
± SD 4-2 5-4 241 65

1-1
1-3
1-5
1-3

0-8
1-7
1-3
03

34-0 54-2 88-2 0-96 21-0
31-8 477 795 0-91 20-0
31-6 54-0 85-6 0-89 22-5
30-4 50-5 80-9 0-92 23-5
32-4 42-9 75.3 0-95 22-5
27-0 66-3 93-3 0.90 20-0
31-4 (M) 30-4 (F) 52-6 83-8 0.921 2161
2-6 79 6.5 0-03 1-5

24-0 20-0
23-2 53.9 77-1 0-93 18-0
21-0 24-0
23-2 52-9 76-1 0-88 19-0
30-0 16-0
24-0 16-0
28-0 170
30-0 (M) 23-9 (F) 53-4 76-6 0.90 18.6
2-3 2-8

35-0
26-4
25-0
32-0
33-2
27-8
37.1
31.0
4.6

49.3 84-3 0-96 17.5
49-2 756 0-89 21.5
576 82-6 0-88 225
42-2 74-2 0.94 25-5
57-5 907 1-01 16-5
53-1 80-9 0-89 22.5
54-0 91*1 094 21.5
518 82-8 0.93' 21.11
5-4 6-6 0-05 3-1

0-9 27-2 (M) 21-4 (F) 47-1 74-4 0-88 24-1
0-6 3-9 2-7 7-8 10-9 0-02 1-4

Table II Haematological findings in subjects
Significantly differ from normal controls: 1p < 0-01, $p < 0-05, 'P < 0-001.

30 disease and in the controls with cirrhosis than in the

2577777777777]/ /normal controls (Table II).
25

RBC SURVIVAL

>20~ *; / / / / / ,,,,Both groups of patients with Wilson's disease and
.C A the cirrhotics had significantly shorter RBC survival

A times than did normal control subjects (Table II).
15 - Patients with the largest spleens had the shortest

., | survival times (Fig. 1).
01

U SPLENIC SEQUESTRATION

Figure 2 shows the results of external probe counting
5 - Wilson's Disease Cirrhosis over the spleen in patients with Wilson's disease and

cirrhosis as the ratio of later counts to initial counts.
*

-2*' | | | | | s | Evidence of trapping of RBCs by the spleen in either
° + 1-2 3-4 >S 0 +1-2 3g4 >a5 group was not demonstrated.

Splonomegoly (cm)

MISCELLANEOUS TESTS

Fig. 1 Chromium-Si red blood cell survival times in
Serum bilirubin levels were elevated in only two of

patients with Wilson's disease and cirrhosis according to the patients with Wilson's disease and in none of the

splenic enlargement. Shaded area represents the mean cirrhotics (Table I). These two patients also had
± 2 SD in normal controls. abnormal BSP excretion and one (S.P.C.) was the
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Fig. 2 Counting over the spleen in patients with
Wilson's disease and cirrhosis in weeks after injection of
51Cr-labelled red cells. The average count for each week
(CPM) is compared with the initial counts (CPMO). The
shaded areas represent mean ± 1 SD in normal controls.

only subject who had a raised reticulocyte count.
Guaiac tests for faecal occult blood were negative
in all subjects tested. Bonemarrow aspirateswereper-
formed upon four patients with Wilson's disease and
showed normal cellular morphology except for
minimal erythroid hyperplasia in one case.

Discussion

The present study demonstrates the findings of
'hypersplenism' in Wilson's disease. The most severe
reductions in haematocrits, white cell and platelet
counts, and 51Cr-tagged red blood cell survivals
occurred in the patients with the largest spleens
(Table II, Fig. 1), but the six patients with Wilson's
disease without detectable splenomegaly (including
H.H.C. who had had a splenectomy) also had similar
abnormalities. Thus, the findings typical of hyper-
splenism do not necessarily require the presence of a
palpable spleen. We have no direct evidence to
suggest the mechanism of hypersplenism in these
individuals.
The cause ofthe decreased RBC survival is not

clear. Increased elution of 61Cr from the labelled
RBCs has been shown not to occur in cirrhosis
(Cawein, Hagedorn, and Owen, 1960; Pitcher and
Williams, 1963). Furthermore, workers using the
Ashby technique (Chaplin and Mollison, 1953;
Jandl, 1955) have also shown reduced RBC survival
in cirrhosis. Blood loss into the gut is unlikely since
our subjects had negative tests for faecal occult
blood.

Chromium-51 RBC survivals in the patients with
Wilson's disease were only slightly longer than those
reported by Katz, Velasco, Guzman, and Alessandri
(1964) (mean T1/2 of 17.4 days) in 13 patients with al-
coholic cirrhosis whose liver function was more

severely disturbed. Richmond, Donaldson, Williams,
Hamilton, and Hutt (1967) found marked reductions
in 61Cr RBC survival in 15 patients from Uganda
with splenomegaly ofunknown cause. These patients,
like our patients with Wilson's disease, did not have
evidence of splenic sequestration as manifested by a

rise in spleen radioactivity. Like our patients, those of
Richmond and his colleagues had anaemia, leuco-
penia, and thrombocytopenia; the red cell mass was
greater than the haematocrit would suggest but was

accompanied by an even larger increase in plasma
volume. Others (Bateman, Shorr, and Elgvin, 1949;
McFadzean and Todd, 1967; Pryor, 1967) also noted
a hypervolaemia with reduced peripheral haemato-
crit but normal red cell mass in splenomegaly of
various causes. This is usually associated with an

increase in the body: peripheral haematocrit ratio as

was noted in some of our patients.
McIntyre and his associates (1967) reported acute

haemolytic episodes with shortened RBC survival in
three patients with Wilson's disease and spleno-
megaly. They failed to note increased activity of
51Cr over the spleen and believed that white blood
cells and platelet counts gave no suggestion of
hypersplenism. They proposed that the haemolysis in
their patients was caused by a sudden release of
copper from the tissues into the blood; Cartwright,
Hodges, Gubler, Mahoney, Daum, Wintrobe, and
Bean (1954) speculated in similar terms. More
recently the latter group (Deiss, Lee, and Cartwright,
1970) suggested, after carefully studying the haemo-
lysis of a patient with Wilson's disease with spleno-
megaly, that the haemolytic anaemia was due to
increased oxidative stress on the erythrocytes as a

consequence of the accumulation of copper within
the cells. This mechanism could well explain the
sudden episodes of jaundice which occur in patients
with Wilson's disease, often before the onset of other
symptoms.
More frequently, in our experience, a mild anaemia

was associated with hypersplenism. This was both
dilutional (increased plasma volume and pooling of
RBCs in the spleen) and associated with decreased
RBC survival. This haemolytic component was

supported by the finding of gallstones containing
bile pigment at operation in one patient (H.H.C.)
and in two of three (S.T.L. and C.C.F.1) other
patients with Wilson's disease at postmortem
examination. The mechanism of the hypersplenism

'Not included in present study.
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is obscure, but it does not appear to differ from
hypersplenism in patients with cirrhosis of other
aetiologies.

This investigation was supported by the Bureau of
Medicine and Surgery, work units MR005.09-0040A
and T.002.
Dr P. J. S. Hamilton reviewed the data, Mrs Betty

Gray provided secretarial assistance, and Mr Dixon
Chen provided technical assistance.
The opinions or assertions contained herein are

those of the authors and are not to be construed as
official or reflecting the views of the US Navy
Department or the Naval Service at large.
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