
Gut 1992; 33: 1386-1389

Splenic function in alcoholic liver disease

A F Muller, P J Toghill

Abstract
Splenic function was assessed in 42 patients
with alcoholic liver disease by counting the
percentage of erythrocytes with indentations
or pits, seen by differential interference con-
trast microscopy. These pits represent cellular
debris normally removed by the spleen. The
findings were compared with 42 age and sex
matched controls. Mean (SEM) pitted red cell
counts in the patients was 2-7 (0.4)% and in the
controls 0-7 (0.07)% (p<0.001). In all of the
eight reformed drinkers (five with biopsy
proven cirrhosis), cell counts were normal. Six
patients with alcoholic liver disease had had
serious infections within the past year. Of
these, one had had a recent pneumococcal
pneumonia and another of the patients died
from overwhelming pneumococcal septi-
caemia. Both of these patients had evidence of
functional hyposplenism as judged by high
pitted erythrocyte counts. A total of 18 patients
were considered to have pitted red cell counts
above the normal, and 11 of these had proven
cirrhosis andlor gross ascites. This study is the
first to show the presence of functional hypo-
splenism in alcoholic liver disease and pro-
vides further evidence of the predisposition
that these patients have to infection. At
present, it is unclear whether the hypo-
splenism is a direct toxic effect of alcohol or
the result of cirrhosis; further studies are
warranted.
(Gut 1992; 33: 1386-1389)
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Functional hyposplenism - that is, reduced
splenic function in the presence of the spleen is
recognised to occur in a number of conditions
including inflammatory bowel disease,'' coeliac
disease,5'8 sickle cell anaemia,9 systemic lupus
erythematosus,'° thyrotoxicosis," amyloid,"` and
in old age.'3 Such individuals, as in patients who
have undergone splenectomy are predisposed to
infections and overwhelming sepsis. Severe
hyposplenism, splenectomy or splenic atrophy
may be reflected by the presence in the peri-
pheral blood film of Howell Jolly bodies,
acanthocytes and target cells. Lesser degrees of
hyposplenism can be detected by other tech-
niques including the clearance of isotopically
labelled heated erythrocytes'4 or differential
interference contrast microscopy. In the latter
technique, splenic function is assessed by
counting the percentage of erythrocytes with
indentations or pits normally removed by the
spleen. Electron microscopy has shown these
pits to be vacuoles containing ferritin, haemo-
globin and mitochondrial remnants.'5 The tech-
nique is easier, quicker and more convenient
than the clearance of isotopically labelled red
cells. It has been shown to correlate well with the
assessment of splenic function by other methods

in patients with treated adult coeliac disease6 and
in such cases there is a correlation between
splenic function and splenic volume computed
from scintiscans after injection of radiolabelled
heat damaged red cells or 99mTc labelled
sulphur colloid. There is, however, a reversible
component to splenic hypofunction that is
unrelated to changes in spleen size in both
untreated coeliac disease'6 17 or active inflamma-
tory bowel disease3 18 and this may also apply in
alcoholic liver disease. In addition, functional
hyposplenism may occur in the presence of
'haematological' hypersplenism and/or spleno-
megaly, the so called ineffective splenic mass
described by Steinberg.'9

Patients with liver disease may be susceptible
to infection, particularly when this is secondary
to alcohol abuse. In this group there is often
impairment of cellular and humoral defences
against infection20 but there is little information
on splenic function. The aim of the present study
was therefore to assess splenic function in
chronic alcoholics, and to see whether functional
hyposplenism might be a contributory factor in
their predisposition to infection.

Methods

PATIENTS
Forty two patients with alcohol induced liver
disease were studied with a mean age of 51 years
(range 30-78, 14 women). Fifteen patients had
biopsy proven cirrhosis and two had alcoholic
hepatitis and fatty liver. Seventeen patients had
gross abdominal ascites requiring diuretic
therapy and/or abdominal paracentesis. Those
patients who had not had liver biopsies had had
significantly abnormal liver function tests and/or
ultrasound or isotopic scanning evidence of liver
disease. Eight patients were 'reformed' drinkers
having abstained from alcohol for a duration
ranging from two months to several years and
five of this group had biopsy proven cirrhosis.

Six patients were found from their medical
records to have had serious infections either
during the current admission or within the
previous two years while drinking heavily. One
had had pneumoccocal pneumonia and another
pneumococcal septicaemia (this patient subse-
quently died). One patient had recently finished
a course of treatment for pulmonary tuberculo-
sis. All patients with abdominal ascites under-
went diagnostic paracententesis. The patient
group was compared with results from 42 age
(±two years) and sex matched controls. Controls
were drawn from either members of staff or
ward patients who had suffered a myocardial
infarction. All subjects gave informed consent.
Patients or controls with a history of diseases in
which hyposplenism has been reported were
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TABLE Haematochemical and clinical parameters in the 18 patients with high pitted red cell counts

Pit
Age count Hb MCV Liver

Pt (years) (%) (gldl) (fl) WBC Plts Film GGT Ascites Splenomegaly biopsy Infections

1 49 M 14-8 15-2 109 8-7 246 - 287 -
2 52 M 10-4 14-4 105 13-1 152 - 504 - -
3 47 F 7-2 11-6 109 8-4 180 TC 1917 + - Cirrhosis Klebsiella UTI
4 54F 6-2 14-2 103 5.6 76 TC 240 + - - -
5 61 F 6-1 10-6 96 3-8 101 L shift 390 + - Hepatitis Pneumococcal septicaemia
6 60M 5-1 10-1 100 3-1 70 TC 17 + + Cirrhosis -
7 47 M 4-9 11-6 101 7-9 166 TC 356 + - Cirrhosis Pneumococcal pneumonia
8 31 F 4-6 15-1 99 11-4 248 - 328 + - - -
9 57M 4-1 10-6 103 17-5 330 - 526 + Cirrhosis
10 44F 4.0 13-3 97 10-1 168 - 51 + - -
11 33 F 3-4 14-2 99 8-6 192 - 51 - - -
12 56 M 3-3 16-0 99 7-8 88 - 1214 + - Hepatitis
13 33F 3.0 13-4 112 10-9 430 - 1734 - -
14 71 M 3.0 14-2 100 4.5 29 - 154 + + Cirrhosis
15 53 F 2-8 13-8 96 5-4 272 - 287 - - -
16 40 M 2-8 16-7 101 10-1 130 - 609 - - - -
17 47 M 2-6 11-3 88 8-4 618 - 553 - - -
18 52F 2.5 11-1 113 3.5 110 TC 900 + - Cirrhosis

MCV=mean corpuscular volume; WBC=white blood count; Plts=platelets; GGT=gamma glutamyl transferase; TC-target cell.

excluded (coeliac disease, inflammatory bowel
disease, thyrotoxicosis, rheumatoid arthritis and
connective tissue diseases including systemic
lupus erythematosus).

ASSESSMENT OF SPLENIC FUNCTION
Evidence for hyposplenism was sought from an
examination of the peripheral blood film in each
patient.

Splenic function was assessed by counting the
number of erythrocyte indentations or pits using
the method described by Corazza.6 A single drop
offresh blood was added to 0 5 ml 3% glutaralde-
hyde at pH 7.4 in a plastic tube and mixed.
One drop of the erythrocyte preparation was
examined under oil emersion using a Zeiss
Axioskop microscope fitted for differential
interference contrast microscopy, at a magnifica-
tion of x 1000. For each sample, 1000 erythro-
cytes were counted and the percentage of cells
with one or more pits noted. Normal values are
less than 2%.4 All samples were analysed by a
single observer (AFM) without knowledge of the
patients medical history.

STATISTICAL ANALYSIS
Wilcoxon's signed-rank test was used to compare
results from the alcohol group with control
subjects.

Results
There was no microbiological evidence of
bacterial peritonitis in any of the 17 patients with
abdominal ascites. Six patients had had previous
infections and each of these was drinking
heavily. Two (cases 5 and 7, Table) had pneumo-
coccal infection (one with pneumonia and the
other with pneumococcal septicaemia who sub-
sequently died). These two patients, together
with a third (case 3, Table) with sepsis from a
klebsiella urinary tract infection had high pitted
erythrocyte counts consistent with functional
hyposplenism. Of the remaining three patients
who had had infections but normal pitted
cell counts, one had recently finished a course
of treatment for pumonary tuberculosis and a
fifth had culture negative pneumonia. The

sixth patient was treated with broad spectrum
parenteral antibiotics for a swinging pyrexia
and leucocytosis after variceal sclerotherapy
although all cultures were negative.
Nine patients had target cells on a blood film

but none had evidence of Howell Jolly bodies.
The mean (SEM) percentage of pits in the
alcohol group was 2.7 (0.4)% and 18 patients had
values greater than 2%. Of these the blood film
often revealed erythrocytes with multiple pits
unlike in the control group where this was
unusual. The percentage of red cells with pits or
indentations in the control group was 0.7
(0.07)%. This was significantly less than in the
alcohol group (p<0.001). Figure 1 illustrates the
spread of results for the alcoholics and the
controls. The highest count in the alcohol group
was 14.8% in a chronic alcoholic aged 49 years
who had been drinking heavily since the age of 15
years. Figure 2 shows the blood film of the
patient with the highest number of pits when
viewed under differential interference contrast
microscopy.
Of the 15 patients with biopsy proven alcohol

induced cirrhosis, six had abnormal pitted
erythrocyte counts. None of the reformed drink-
ers (five with biopsy proven cirrhosis), who had
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Figure 1: Percentage ofpitted red cells in the alcoholics (0)
and age and sex matched controls (0). Cell counts in t4
alcoholics were considerably higher than in the cpitrols
(p<O0OO.1). Eighteen ofthe patients were consilered to have
values above the upper limit ofnormal.
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;_~~~~~~~~R
Figure 2: Bloodfilmfrom the patient with the highest pitted erythrocyte count as viewed by
differential contrast microscopy. This slide shows red cells with multiple pits, something that
did not occur in the control group.

abstained from alcohol for at least two months
had raised values. At the time of sampling, all
those with high values indicating functional
hyposplenism were drinking heavily and 11 of
these had gross abdominal ascites. Of those
patients presenting with gross ascites with
normal pitted red cell counts, three were

reformed rather than current drinkers. Figure 3
shows a comparison of pitted erythrocyte counts
in the current drinkers compared with the
'reformed' group.
The Table lists the clinical and haematological

status of the 18 patients with high pitted red cell
counts. Of the 14 women studied, nine had high
pitted red cell counts and the majority of the
group had ascites. The presence of macrocytosis
was a common finding. Although a reticulocyte
count was not measured as a routine, there was
little evidence of polychromasia on the blood
films. In nine patients, the blood film had
revealed target cells and of these five had high
pit counts. Hypersplenism was noted in four
patients, two of whom had palpable spleno-
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Figure 3: Pitted erythrocyte counts in current drinkers (0) and
'reformed' drinkers ((0) n=8).

megaly. This 'hypersplenic hyposplenism' sug-
gested that in this group splenic function had
little to do with spleen size. The haematopath-
ological status of this group did not reliably
differentiate them from the 'reformed drinkers'.

Discussion
Although only an indirect method of assessing
splenic function, the measurement of pitted
erythrocyte counts has been shown to correlate
well with other measurements of splenic
function,4 albeit in particular circumstances such
as treated coeliac disease.6 While it does not
necessarily imply that defective pitting is associ-
ated with defective immunological activity,
using the technique of differential interference
contrast microscopy, this study has highlighted
the existence of functional hyposplenism in
alcoholic liver disease and suggests that defective
splenic function may be an additional mecha-
nism involved in the susceptibility of this group
of patients to infection.
The method that we have used to detect

splenic hypofunction is linked to changes in the
red cell membrane. This may be particularly
important when one considers the potentially
complex and multiple haematological abnor-
malities in alcoholic liver disease, including
blood loss, macrocytosis, haemolysis, and
sideroblastic change.2' In patients with young
cell populations, Holroyde and Gardner22
found more membrane indentations or pits in
immature erythrocytes, particularly reticulo-
cytes. Others have suggested that in patients
with a high reticulocytosis there might be a
backlog of new cells awaiting clearance and
'depitting' by the spleen, the so called 'overload
syndrome'.23 As heavy, active drinkers are more
likely to have a faster turnover of erythrocytes
than reformed drinkers this might be put for-
ward as a reason why our reformed drinkers did
not have high pitted red cell counts. Although we
did not measure reticulocyte counts in our
patients there was no evidence from the blood
films of significant reticulocytosis or polychro-
masia and it seems unlikely that this explanation
might have contributed to our results.

There are several possible explanations for the
finding of functional hyposplenism in this group
of patients with alcoholic liver disease. All the
patients with high pitted cell counts were cur-
rently drinking and none of the eight reformed
drinkers (five with biopsy proven cirrhosis) had
abnormal counts. This points to a toxic effect of
the alcohol itself. As yet, we do not have the
evidence that long term abstinence improves
splenic function.
An alternative explanation is that liver disease

itself might be a major factor but we have not
found high pitted red cell counts in patients with
chronic active hepatitis or primary biliary cir-
rhosis (Muller and Toghill, unpublished obser-
vations). Spleen size may play a vital role but
other reports have shown that this relates poorly
with function3 "'s and indeed two of the current
series had palpable splenomegaly and functional
hyposplenism. Portal hypertension may be
important in determining the microcirculatory
flow in the splenic pulp. Unfortunately, we do
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not know the precise site of the depitting process
within the spleen. Traditionally it has been
assumed that this is at the interendothelial slits
where the red cells enter the venous sinuses from
the reticuloendothelial meshwork. Portal hyper-
tension with stasis and pooling of blood in the
reticuloendothelial meshwork may interfere
with this process. No single clear explanation
emerges to explain the high pitted counts in
alcoholic liver disease and it is likely to be
multifactorial.
Wyke20 has previously discussed why

alcoholics get infections. Explanations for their
increased susceptibility include the impairment
of humoral and cellular host defences, defective
reticuloendothelial phagocytic function and
impaired complement activity. As in patients
who have undergone splenectomy, alcoholics
have a predisposition to pneumococcal infec-
tion24 and two of the current group had had
pneumococcal disease, (both with evidence of
functional hyposplenism) with one dying from
overwhelming septicaemia. The risk of post-
operative infections in patients in which a diag-
nosis of alcoholic liver disease had not been
established preoperatively had also been shown
to be high.25 The Sheffield group3 has shown
similar postoperative complications, together
with disseminated intravascular coagulation in
patients with inflammatory bowel disease under-
going surgery who were found to have defective
splenic function as assessed by the clearance of
heat damaged erythrocytes. Preoperative identi-
fication of such patients is important and any
suspicion of infection with underlying hypo-
splenism should be promptly treated with
parenteral antibiotics. Because ofthe high risk of
Gram positive infections (unrelated to invasive
procedures such as abdominal paracentesis) and
in particular pneumococcal infection24 there may
be an indication to give this group of patients
pneumococcal vaccination. Previous work has
shown that alcoholics were able to mount an
adequate antibody response to pneumococcal
polysaccharide antigen.26

This is the first reported study to show con-
vincingly the presence of functional hypo-
splenism in patients with alcoholic liver disease.
It seems highly likely that this contributes to
their increased risk of infection.

We would like to thank Dr J E Freeman, Derby City Hospital, and
Sister Bente Poole, Nottingham Clinic, for allowing me access to
patients under their care.
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