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Abstract: The mechanism of anemia occurring during an illness associated with
nlcolmlism, jaundice, fatty infiltration of the liver, and hyperlipemia was investigated
in six men. Increased erythrocyte destruction for the paticents’ cells and for transfused,
normal, compahblc donor cells was found during the acute illness. During abstinence
and r of jaundice and hyperlipemia, erythrocyte survival was normal. In vitro
incubation of erythrocytes obtained from this period of remission with plasma preserved
from the acute illness did not producc erythrocytes thh shorlened survival. These
crythrocytcs did not develop the i d lipid istic of crythro-
cytes in the acute illness. Prescnl findings support previ i i that in
these patients results primarily from increased crytllmcytc dcstmctlon. and add two pre-
viously unreported features to the description of the hemolysis. One feature is the
involvement in the hemolysis of an extracorpuscular abnormality which, by the methods
used herein, is not demonstrable in plasma. The second feature is the temporal limita-
tion of accelerated hemolysis to the interval of acute illness. These results suggest that
an unidentified, lar factor develops during the acute illness and subsides
during remission. Whether this factor is unique to patients whose illness conforms to

the description of Zieve remains uncertain.

KEY INDEXING TERMS:

Liver discase
Zieve's syndrome

Alcoholism

Anemia is common in patients with
liver disease and various mechanisms
may cause its development.’* One type
of hemolytic anemia has been reported
in patients characterized by Zieve™ as
having alcoholism, fatty infiltration of
the liver, jaundice and hyperlipemia. In
the present study red cell survival was
measured in patients with the illness
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Hyperlipemia

Hemolysis

described by Zieve, both during their
acute illness and during remission. Re-
sults of these studies established for
the first time that the excessive hemo-
lysis may be limited temporally to the
acute illness and that an extracorpus-
cular abnormality was responsible at
least in part for the increased red cell
destruction. In vitro incubation experi-

® An abstract of this study was published in Clinical Research 16:79, 1968.
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ments did not reveal the extracorpus-
cular defect to be in the plasma pre- =
served from the acute illness.

Methods S
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Spleen not palpable
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Six men with an illness having the
features described by Zieve were stud-
ied (Table 1). The patients were fol- £
lowed for at least six months after
their acute illuess.

Standard hematologic procedures,? 4
Coombs’ test,” analysis of stools for =
occult blood,” serum iron measure-
ment,® serum folic acid assay,’ serum
amylase determination,® liver function
measurements,” bone marrow aspira-
tion and biopsy,” and hepatic biopsy'®
were performed by previously de-
seribed methods. Techniques for de-
termining plasma and red cell lipids
are given in another report.!!

Survival of the patient’s erythrocytes
and of normal red cells transfused into
the patient was measured simultane-
ously during the acute illness. The pa-
tient’s cells were labeled in vivo by
the intravenous injection of 140 to
180 uc of diisopropylfluorophosphate™
(DFP*).° One hour later the patient
was transfused with packed red cells to
increase his red cell mass to normal as
predicted from body weight. At the
same time his plasma volume was
brought to normal by plasmaphoresis.
The plasma was stored at —70°C for
further studies. Following this, fresh,
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normal, compatible donor erythrocytes g > v E L

tagged in vitro with 100 pc of Cr*'f 3£ 2 278 5%

were infused. Half-life values for cells 8% F= 2=z

of both the patient and the donor were - e

estimated using both radioactivity per

milliliter whole blood and radioactiv- 2Bl 0 = & o

ity per milliliter red cells.**!* In all <§F B weF

except Subject R, however, subsequent =

reduction in red cell mass was small

enough to make little difference which g .

method was used to calculate survivals. B sF R AR
v

Normal half-life was taken as 25 to 31

° Obtained monthly in sterile propylene glycol with specific activity of about 200 pc per mg
from New England Nuclear Corporation, Boston, Massachusetts.

} Obtained as Na:Cr”Q, with specific activity 35 uc per pg from E. R. Squibb and Sons, New
York, New York.
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days for Cr*t tagged cells and 40 to
50 days for DFP* labeled cells. Cr*!
activity was counted using a crystal
scintillation counter with a discrimi-
nator adjusted so as to exclude P**
counts. The Geiger-Muller tube used
to measure P** activity did not detect
Cr*! radiation.

After recovery from their acute ill-
ness, three patients (D, A and W) had
additional red cell survival measure-
ments. All three patients had an incu-
bation experiment done. In this study
the survival of red cells taken from
the patient during his remission was
determined after sterile incubation with
plasma preserved from his acute ill-
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ness. To do this 400 ml of blood were
drawn into plastic bags containing
ACD solution. Plasma was removed
after centrifugation and replaced by
350 ml of the previously frozen, ACD-
containing, acute phase plasma. After
anaerobic incubation at room tempera-
ture for 24 hours, 100 pc of Cr** were
injected into the bag. An hour later
50 mg of ascorbic acid were added,
the blood was infused, and red cell sur-
vival was measured as before. Aliquots
of blood were removed for measure-
ment of red cell and plasma lipids at
the beginning and end of the incuba-
tion. Subject D had an additional sur-
vival study done during remission, but

TABLE 2

Course of patients

Subject Course in Hospital

Course after Discharge

D Appetite excellent; recovery prompt;
liver function normal by day 28;
maximum reticulocytosis when first
measured (day 3); reticulocytosis
present on discharge (day 31).

A Appetite excellent; recovery prompt;
liver function nearly normal by day
19; reticulocyte count less on day
1 than day 4; reticulocytosis present
on discharge (day 22).

A\ Appetite excellent; recovery wapid
but liver function not normal until
day 40; reticulocyte count less on
day 1 than day 6; hematocrit and
reticulocyte  normal by discharge
(day 40).

B Appetite excellent; recovery rapid
but liver function not followed long
enough; peak reticulocyte count on
day 1; discharged day 18.

P Appetite fair; clinical recovery de-
layed by delirium tremens; liver
function nearly normal by day 28;
reticulocyte count less on day 1 than
day 5; reticulocytosis still present
on discharge (day 50).

R Appetite poor; clinical recovery de-
layed by delirium tremens but liver
function normal by day 30; maxi-
mum reticulocytosis delayed until
day 18; discharged on day 38 with
reticulocyte count still increased.

Nearly complete abstinence from alcohol for
over 1 year; hematocrit and reticulocyte
count normal by day 71; no recurrence; per-
sistent hepatomegaly.

Abstinence  from aleohol after discharge;
liver and spleen not palpable by day 80;
hematocrit and reticulocyte values normal by
day 80.

Abstinence from aleohol after discharge; ab-
normal bromsulphalein test on day 425,

Resumption of drinking after discharge; hem-
atocrit level not normal at any time.

Resumption of drinking after discharge re-

quiring two subscquent admissions; on day

162 admitted again for anemia which was not
d with hyperchol lemi;

Resumption of drinking after discharge re-
quiring admission again on day 115 with
recurrence; never seen when normal hemato-
logically.
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prior to the incubation experiment.
This study measured the life span of
his cells tagged in vivo with DFP*
and normal, compatible cells labeled in
vitro with Cr°!,

Results

Summaries of the courses of these
patients are given in Table 2. Three
patients (D, A and W) abstained from
aleohol while being followed and re-
mained well. The remaining three re-
sumed drinking on discharge from the
hospital and two (P and R} subse-

quently required hospitalization. These
latter two subjects had also been ad-
mitted with the same illness on occa-
sions prior to this study (Table 1).
On admission all patients had ele-
vated serum bilirubin, cholesterol, alka-
line phosphatase, and glutamic oxalo-
acetic transaminase values which rap-
idly decreased (Table 3). Plasma total
lipid, totai phospholipid and lecithin
concentrations also were increased dur-
ing the acute illness in all except Sub-
ject P, whose plasma lipid elevations
were confined to cholesterol and leci-
thin. Studies of plasma and red cell

TABLE 4
Hematologic data
Serum
Platelet Folic
Hematocrit Reticulocytes Count Acid
Subject Day (%) ) (No./mm’) (mug/ml)
D 3° 35 7.1 210,000 280
31 38 3.8 236,000
71 47 0.8 252,000 100 -
436 45 04
A 1 29 29 166,000 220
1° a7 9.4 182,000
22 39 21 348,000
80 45 0.2
180 41 0.6 314,000
A\Y 1 a8 23 128,000 4.9
6° 30 3.5 188,000
17 33 34 438,000
40 41 12 394,000
425 45 0.3 412,000
B 1° 38 5.1 154,000 135
16 40 1.9 236,000
225 37 30
P 1 26 39 352,000 9.3
5° a7 12.2 348,000
30 40 20 398,000
62 42
162 30 4.4 492,000
285 39 L1
R 2° 38 1.9 88,000 39.0
18 30 7.8 570,000
38 39 29 488,000
65 38 0.7 182,000 49.0
115 39 2, 288,000
300 40 34
Normal range 40-54 0.5-1.5 200,000-440,000 7-16

 Transfusions were given on the indicated day; hematologic tests done on that date were

performed prior to transfusion.
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lipids are to be reported in greater de-
tail elsewhere.’® All subjects had some
degree of fatty change in liver biopsy
specimens except Subject P, who was
biopsied later than the other patients.
Additionally, most subjects initially
showed increased serum lactic acid de-
hydrogenase, abnormal cephalin floc-
culation, decreased serum albumin, and
normal prothrombin time values. Se-
rum amylase levels were normal in all
patients except B, whose value initially
was 336 units.

All patients were anemic on admis-
sion and showed reticulocytosis at some
time in their hospital course (Table 4).
The highest reticulocyte count most of-
ten occurred at some time after the
initial measurement (Subjects A, W, P
and R). This pattern was observed de-
spite transfusion which would blunt
further reticulocytosis. Findings on the
peripheral blood smear in these six
patients varied widely (Table 5) and
included macrocytes, spherocytes, tar-
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get red cells, cells containing Howell-
Jolly bodies and siderotic granules, and
nucleated red cells. Marrow biopsy
specimens showed only modest eryth-
roid hyperplasia. Vacuolated erythroid
precursors indicated a toxic effect of
2lcohol on the marrow in two patients
(W and R).1

The normal or increased serum folic
acid levels, the presence of stainable
iron in bone marrow and/or liver
biopsy specimens as well as normal to
high serum iron values, the consistent
absence of occult blood in the stools,
and numerous negative Coombs’ tests
provided evidence against folic acid
deficiency, iron deficiency, acute bleed-
ing, or immune hemolysis playing a
role in the anemia of these patients.

Significant shortening of the half-
life for DFP* tagged cells indicated
excessive hemolysis as a major factor
in the pathogenesis of the anemia
(Table 6). The decreased survival of
Cr*! labeled donor cells provided evi-

TABLE 5

Findings on initial peripheral blood smears and bone marrow examinations

Subject Peripheral Smear Bone Marrow
D Frequent polychromatophilic macro-  Slight erythroid hyperplasia; vacuolated reti-
cytes and spherocytes; occasional  culum cells containing green granules; in-
fragmented cell. creased stainable iron.
A Moderat \i of ytes, Slight erythroid hyperplasia; plasmacytosis;
target cells, palycl philic cells; v lated reticulum cells containing green
Tnge i Tl s

few nucleated red cells, cells with
Howell-Jolly bodics, and cells with
Pappenheimer bodies.

w Occasional macrocyte and polychro-
matophilic cell.

B Few polychromatophilic macrocytes;
occasional macrocytes.

P Marked anisocytosis with polychro-
matophilic macrocytes; microsphe-
rocytes; occasional nucleated red
cell and cells with Howell-Jolly
bodies;  frequent  Pappenhceimer
bodies.

R Frequent polychromatophilic macro-
cytes and target cells.

1 stai e jron.

Moderate crythroid hyperplasia;  vacuolated
ervthroid precursors;  reticulum  cells  with
green granules,

Slight erythroid hyperplasia; few reticulum
cells with green granules.

Moderate  erythroid hyperplasia;  reticulum
cells with green granules; increased stainable
iron.

Slight erythroid hyperplasia; vacuolated ery-
throid precursors; reticulum cells with green
granules; decreased stainable iron.
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dence for participation of an extracor-
puscular factor in the erythrocyte de-
struction. To determine whether plas-
ma from the acute illness contained a
factor which could induce both accel-
erated hemolysis and characteristically
increased red cell lipid concentra-
tion,’!* incubation experiments were
performed as outlined under Methods.
Red cells incubated with acute phase
plasma had neither increased lipid
levels (Table 7) nor underwent prema-
ture death in vivo (Table 6).
Increased hemolysis appeared to oc-
cur only during the interval of acute
illness in those patients who abstained
from alcohol after discharge (D, A and
W). During this period of abstinence
and apparent good health, hematocrit,
reticulocyte count, and erythrocyte sur-
vival values were normal. These normal
red cell life spans were found despite
incubation of the cells with plasma pre-
served from the acute illness. The three
who continued to drink alcohol (B, P
and R) continued to show hematologic
abnormalities. In Subject R clear evi-

dence of increased hemolysis was pro-
vided by a repeat survival study done
at a time when he again had elevated
serum bilirubin, alkaline phosphatase
and cholesterol values. Continued ac-
celerated hemolysis was not established
by repeat measurement of red cell life
span in Subjects B or P or on day 300
in Subject R, but reticulocytosis and
anemia were intermittently found.

Discussion

Anemia in patients with aleoholism
and liver diseasc may be caused by
one or more mechanisms including
acute bleeding, iron deficiency, folic
acid deficiency, impaired erythropoic-
sis and hemolysis. The patients de-
scribed herein had evidence implicat-
ing the last two mechanisms but not
the others. Serum folic acid levels were
in fact increased in three patients. The
reason for these high values is unclear,
but similar observations have been re-
corded previously.’® Release of folate
from liver stores is a possibility, but

TABLE 6
Erythrocyte half-life

Remission Phase,

Patient's Cells  Donor’s Cells  Incubated Cells
DFpP* cr! crt
Subject Day® (days) (days) (days)
D 3 t 11 (11)¢
7l 52 (50) 34(31)
436 31 (29)
A 4 22 (19) 16 (16)
180 32 (29)
w 6 25 (24) 20 (21)
103 28 (27)
B t 15 (19)
5 20 (19) 12 (14)
R 2 9 (21) 13 (28)
65 11 (11) 13 (12)
Normal range 40-50 25-31 25-31

°Indicates day survival study was begun.

{Radioactivity was too low for accurate measurement.

tHalf-life values determined using radioactivity
theses.

per milliliter of red cells are given in paren-
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no proof for this occurrence is avail-
able,

Quantification of erythropoiesis was
not done by ferrokinetic measurements,
but relative impairment of erythropoie-
sis was suggested by the modest eryth-
roid hyperplasia in the presence of
brisk hemolysis. Vacuolated erythroid
precursors in two patients indicated
recent alcoholism, a condition known
to suppress ervthropoiesis.'®!* Because
alcohol consumption in most patients
probably would continue until hospital-
ization, suppression of erythropoiesis
would likely continue until admission.
This may account for the delay in peak
reticulocyte count in four of the six
patients studied. A similar effect on
thrombopoiesis possibly may be respon-
sible for the increasing platelet counts
scen during hospitalization.!®

Accelerated hemolysis clearly consti-
tutes a major factor in the ancmia, as
shown by the results of this study and
by those of previous ones in which
reticulocytosis, prompt improvement
on hospitalization and shortened red
cell survival have been reported.#1#-2
These ecarlier findings have been
viewed as clear evidence of excessive
red cell destruction. Little considera-
tion has been given to the possibility
that these results might be manifesta-
tions of recovery of erythropoietic ac-
tivity previously suppressed by alcohol.
In this situation ervthrocyvte survival
would appear to be diminished because
of the rapidly increasing red cell mass
if radioactivity was caleulated in the
usual manner; ie., per milliliter red
cells. In the present study this possible
artifact was circumvented (sce Meth-
ods) and still red cell haif-life was
found to be short.

To determine whether the increased
hemolysis involved an intracorpuscular
or an extracorpuscular defect required
cross-transfusion studies. Since testing
for an intrinsic red cell defect necessi-
tated transfusion of patient’s cells to
a normal recipient and incurred the
risk of transmitting hepatitis, this por-

tion of the cross-transfusion studies was
not done. Survival of normal, com-
patible, transfused donor cells, how-
ever, was tested in these patients and
found consistently impaired during the
acute illness. This clearly indicates an
extracorpuscular abnormality although
a concomitant intracorpuscular defect
could be present. In an cffort to de-
termine the nature of the extracorpus-
cular factor, the cffect of incubation of
acute phase plasma on the life span
and lipid concentration of red cells ob-
tained during a remission phase was
tested. Although an in vitro incubation
does not duplicate in vivo conditions,
the incubated erythrocytes did not
assume the characteristics of acute
phase cells; i.c., shortened survival and
increased lipids, suggesting the extra-
corpuscular factor is not a circulating
one.

At least in certain patients with this
syndrome the extracorpuscular abnor-
mality is present only during the acute
illness because survival studies done
during remission in three subjects (D,
A and W) gave normal results. Eryth-
rocyte life spans were normal during
remission despite incubation of the
cells with plasma preserved from the
acute illness. Erythrocyte survival ap-
parently does not return to normal in
all patients whose illness is in remis-
sion. Holt and Korst' have reported
two patients whose red cell life spans
remained short during remission.
Whether the course of these two pa-
tients more closely resembled that of
Subjects D, A and W; ie, abstinence
from alcohol and good health, or that
of B, P and R; i.c.,, continued drink-
ing and persistent hematologic abnor-
malities, cannot be determined from
published information. A course of ill-
ness in the patients of Holt and Korst
similar to that observed in Subjects D,
A and W would suggest that more
than one factor might be responsible
for increased hemolysis during the
acute cpisodes. Nevertheless, the pres-
ent study indicates that excessive red
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cell destruction may be limited to the
interval during which jaundice, fatty
infiltration of the liver, and hyper-
lipemia occur.

Until the pathogenesis of anemia in
liver disease is more fully understood,
the pathophysiologic implication of the
syndrome described by Zieve remains
uncertain. Hemolytic anemia, jaundice,
hyperlipemia, and fatty infiltration of
the liver occur commonly in alcoholic
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variable expression of illness could
possibly be indicative of other toxic
agents besides ethanol in alcoholic bev-
erages. One such toxin might be re-
sponsible for the transient hemolysis
described in the present patients. To
determine whether the extracorpuscu-
lar abnormality described herein is
unique to patients whose illness fits the
description of Zieve will require studies
to further characterize this factor.

patients in varied combinations.*' This
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