
0RIGINAL ARTICLES

Phenacetin-induced hemolytic anemia
John Millar, m.d., Robert Peloquin, m.d. and Nannie K. M. de Leeuw, m.d., f.a.c.p., Montreal

Summary: The hematological
features of phenacetin-induced
hemolytic anemia are presented in
order to make the physician aware
of the abnormalities which suggest
the use of an oxidant drug. The
presence of "bitten out" red cells
is the commonest initial clue to the
existence of drug-induced hemolytic
anemia. The diagnosis is confirmed
by the demonstration ofHeinz
bodies and sulfhemoglobinemia.
Early recognition of this form of
drug-abuse may avert the
development or progression of
analgesic nephropathy.
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Of the hemolytic anemias, the drug-induced form is by far the most
common. In Canada phenacetin (acetophenetidin) continues to be one
of the agents most frequently implicated, despite the fact that its dele-
terious hematological and renal effects are widely recognized.1"4 The
hematological effects of phenacetin usually are part of the "analgesic
abuse syndrome" which consists of psychiatric disturbances, gastro-
intestinal ulceration (often necessitating surgery), nephropathy and
anemia. This syndrome has been well-discussed by Gault et al.1 We will
be concerned primarily with the hemolytic anemia involved.
There are at least two mechanisms by which a drug can lead to lysis of

the red cell: (1) induction of an immune-hemolytic process; (2) oxida-
tive denaturation of hemoglobin with or without hemoglobin abnor-
mality or erythrocyte enzyme defect, ultimately causing a Heinz body
hemolytic anemia. Both these mechanisms lead to alterations of the red
cell membrane, which cause premature destruction of the cell.

Although there are isolated reports of phenacetin acting via an im-
munological mechanism,5"7 by far the most common effect is Heinz
body production.

It is the purpose of this paper to discuss the hematological aspects of
phenacetin-induced Heinz body anemia. Clinical firidings of the "anal¬
gesic abuse syndrome" which was present in many of the patients, will
be reported also.

Mechanism ofHeinz body formation and oxidative degeneration of
hemoglobin
Oxidant substances may be divided into two groups: (1) one group
causes the oxidation of red cell constituents via the production of hy-
drogen peroxide (H202); (2) the other group oxidizes hemoglobin
and other red cell components directly without the production of an

intermediary.8
There is good evidence that the effect of a drug that is oxidative by

virtue of its H202-generating capacity is "buffered" by reduced gluta-
thione (GSH). The level of GSH in the erythrocyte is determined by the
hexosemonophosphate (HMP) pathway of oxidative glycolysis (Fig.
1). When H202 is produced in the red cell, the sulfhydryl groups of
the GSH molecules preferentially undergo oxidation, thus protecting
hemoglobin (as well as certain enzymes and perhaps the red cell mem-
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brane) against irreversible degenerative changes. The
production of adequate amounts of GSH to provide this
defense, requires glutathione (GSSG) reductase and re-
duced triphosphopyridine nucleotide (NADPH) (Fig. 1).
In the red cell the latter is available only from the first
step of the HMP shunt which is dependent on normal
glucose-6-phosphate dehydrogenase (G6PD) activity.
Under conditions of oxidant stress the increased rate of
oxidation of GSH to GSSG (oxidized glutathione)
stimulates the HMP pathway.8 Consequently, vastly in¬
creased amounts of NADPH potentially can be produc-
ed. By the NADPH-catalysed reduction of GSSG a cor-

responding increment in GSH is generated.
The hemolytic susceptibility of G6PD-deficient red

cells is explained by the fact that the enzyme deficiency
limits the rate at which the first step of the HMP pathway
takes place. Hence, in response to an oxidant stress,
levels of reduced glutathione are not maintained, permit-
ting oxidative degeneration of hemoglobin. Other defici-
encies (glutathione, glutathione reductase, glutathione
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FIG. 1.Hexosemonophosphate (HMP) pathway of oxidative
glycolysis

G-6-P = glucose-6-phosphate.
6-P-G = 6-phosphogluconate.
NADPH = reduced triphosphopyridine nucleotide.
NADP = oxidized triphosphopyridine nucleotide.

Reproduced from "The Red Cell" by permission of Dr.
John W. Harris and the Harvard University Press.

Table I
Clinical aspects of 25 cases of subacute and chronic
analgesic intake

peroxidase) can compromise the red cell in a similar way
(Fig. I).9

Substances that directly oxidize NADPH, hemoglobin
and GSH, notably acetylphenylhydrazine and methylene
blue, exert their effect despite normal function of the
HMP shunt and a normal GSH level. These chemicals
are highly potent oxidants, almost equally destructive to
normal as well as to enzyme-deficient red cells.8 It is not
known by which mechanism the metabolites of phenace¬
tin exert their oxidative effect.
Once the buffering action of GSH is lost, heme and

globin undergo oxidative changes. Heme is affected by
the conversion of ferrous to ferric iron resulting in the
reversible production of methemoglobin. Concomitant-
ly, but at a slower rate, the SH-groups of the globin
molecule undergo oxidation, leading to irreversible de-
naturation of the molecule with formation of "sulfhemo-
globin" (pyridine hemochromagen), and ultimately pre-
cipitation and polymerization of the denatured protein
resulting in what is morphologically recognizable as
Heinz bodies.10' " The red cells containing these in-
clusions are rapidly cleared from the blood by entrap-
ment and destruction in the spleen. The mechanism of
entrapment may be related to alterations of red cell
membrane SH-groups or, more likely, to the fact that the
presence of one or more Heinz bodies renders the affect¬
ed cell less deformable. Such a stiff red cell may become
entrapped during its passage through the spleen, either
in the Billroth cords or while passing through the fenes-
trations separating the cords from the sinusoids. The
Heinz body, together with a piece of red cell membrane,
may then simply be pinched off, leading to deformation
of the cell and spherocytosis. During their prolonged so-

journ in the spleen the damaged red cells are exposed to
and engulfed by macrophages of the reticulo-endothelial
system, and disposed of by intracellular digestion (ery-
throphagocytosis).12

Methods
The hematological methods used are routine in our
laboratories and have been reported previously. Red
cells were stained for Heinz bodies with methyl violet,
erythrocyte G6PD content was determined by the meth-
od of Zinkham and GSH stability by the method of Beut-
ler.13 G6PD and GSSH reductase spot tests were carried
out using Beutler's method.14 Met- and sulfhemoglobin
levels were determined by the method of Evelyn and Mal-
loy.15 Hemoglobin electrophoresis was carried out on
starch block at pH 8.6.16

Material
The patients were drawn from 81 cases of drug-induced
hemolytic anemia (DHA) encountered in the years 1965
to 1969 at the Royal Victoria Hospital. Most cases were
discovered on routine hematological examinations, a
few were found by reviewing the charts of patients with
sulfhemoglobinemia. Twenty-six patients were studied.
Of these, there was one case of acute intoxication which
will be discussed separately. In one other patient there
was a two-week history of phenacetin intake, and in the
remaining 24 cases the history extended over many
years. The renal aspects of four cases of chronic abuse
have been reported in detail elsewhere.1

Clinical aspects of chronic and subacute cases (Table I)
Eight of the patients were males, 17 were females; their
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ages ranged from 23 to 69 years; all patients were Cauca-
sian-except one negro female. The daily consumption of
phenacetin varied between 0.9 and 4.0 g. in the subacute
and chronic cases, with a duration of two weeks in the
subacute case and lasting from two to more than 10 years
in the 24 chronic abusers. The total intake of phenacetin
ranged from 1.0 to 9.0 kg. The majority of patients con-

sumed, in addition to phenacetin, large amounts of caf-
feine and acetylsalicylic acid (ASA) in the form ofa com¬
mon proprietary tablet. One patient had ingested a prep-
aration containing acetanilid, phenacetin and acetylsali¬
cylic acid. In 56% of patients the analgesics were used
for relief of headaches and in 28% for relief of abdomi-
nal pain. In three patients analgesia was necessary for the
relief of pain associated with malignant disease. Forty-
four per cent of the patients had frank psychiatric dis¬
ease ranging from personality disorder to schizophrenia.
A history of peptic ulcer with total or partial gastrecto-
my was present in 56% of cases. Malnutrition was pres¬
ent in many patients and malabsorption was proven in
four. Eight patients had progressed to the stage of renal
failure as evidenced by increased creatinine and BUN.
In six patients without evidence of renal failure, acute or
chronic urinary tract infection was diagnosed. None of
the patients had undergone splenectomy.

Hematological data (Table II).
Red cell morphology
The red cell morphology, as assessed in the course of
routine hematological studies, was often the clue that led
to the diagnosis of DHA. The morphological pattern
characterizing this anemia is the presence of "bitten out"
and irregularly contracted, densely stained erythrocytes,
accompanied by anisocytosis and polychromasia. These
so-called "bitten out" red cells, which occurred with a

frequency of 80%, appear to have had one or more

"bites" made in their cell membrane as shown in Fig. 2.

Table II
Hematological data in 25 cases of subacute and
chronic analgesic intake

Present in
Number of
cases/total
number
examined %

The presence of these cells with or without spherocytosis
and reticulocytosis should alert the hematologist to the
possible existence of a hemolytic process caused by use
ofoxidant drugs.

Because of the association of iron and folate de-
ficiencies, hypochromia, poikilocytosis, oval macrocytes
and hypersegmented neutrophils sometimes were present
in addition to the characteristic morphological picture
just described. In the patients with renal failure burr
cells were regularly observed.

Anemia
All 25 patients were anemic. On the basis of sulfhemo-
globinemia, Heinz bodies and reticulocytosis, approxi-
mately 84% of patients had evidence of hemolysis as the
cause of or as an important contribution to the anemia.
Of the remaining four patients, three had a reticulocy¬
tosis, although Heinz bodies were not observed. Serum
bilirubin was not elevated in any of the patients. In 12
(54%) out of 22 patients adequately studied, iron de-
ficiency, diagnosed by absent bone marrow iron stores
and/or less than 10% saturation of transferrin, contri-
buted to the anemia. Seven patients showed evidence of
folate deficiency (serum folate less than 4 ng./ml.). Six
of these had had total or partial gastrectomy and four
had proven malabsorption. In the patients with chronic

FIG. 2."Bitten out" red cells typical of oxidant hemolysis.
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FIG. 3.Levels of methemoglobm (closed circles) and sulfhemo¬
globin (open circles) in mg. per 100 ml. and as % of total
hemoglobin in 26 cases of DHA. The shaded area indicates
normal values of methemoglobin. Sulfhemoglobin is not
found in normal blood.
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renal failure or malignant disease, the systemic illness
contributed significantly to the degree ofanemia.

Sulfhemoglobinemia, methemoglobinemia and
Heinz bodies
All patients had sulfhemoglobinemia, since the presence
of this abnormal pigment was the chief criterion of pa¬
tient selection. The highest concentration was 1180 mg.
per 100 ml. or 12.8% oftotal hemoglobin (Fig. 3).

Elevated levels of methemoglobin were less constant.
The total amount of methemoglobin was increased
(above 400 mg. per 100 ml.) in two patients; the highest
level of 2400 mg. per 100 ml. (14% of the total hemo¬
globin) was observed in the patient who had ingested
acetanilid as well as phenacetin. In five anemic patients

the percentage methemoglobin exceeded the upper limit
of normal (2.5%) by this method, although the total
amount of methemoglobin was not increased. Elevated
levels of methemoglobin usually reverted to normal with¬
in 24 hours after discontinuation of phenacetin.
The high percentage (84%) of patients with Heinz

bodies in their red cells emphasizes the importance of
this finding as an indicator of the presence of drug-
induced hemolysis.

Fig. 4 shows the typical hematological course of a

patient after the phenacetin-containing drug was dis-
continued. Concomitantly with the decrease in reticulo-
cyte count there was a rise in hemoglobin concentration.
Heinz bodies cleared within a week, but sulfhemoglobin
persisted for more than two weeks.

?phenacetin
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FIG. A.Response of the Hb. concentration, reticulocyte count,
Heinz body count and sulfhemoglobin concentration in a

patient with chronic phenacetin abuse, after withdrawal of
the drug.
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FIG. 5.Erythrocyte G6PD levels and GSH stability (before and
after incubation of the blood with acetylphenylhydrazine)
in 12 patients with DHA. The shaded areas indicate the
normal values.

G6PD, GSH and GSSG reductase
In 12 patients the erythrocyte G6PD level was normal
or elevated and glutathione stability was normal, al¬
though in one patient the initial GSH level was slightly
decreased (Fig. 5). In six other patients the G6PD spot
test was normal. GSSG reductase activity (by spot test)
was normal in an additional two patients. Hence in the
patients examined there was no evidence of G6PD,
glutathione reductase orGSH deficiency.

Miscellaneous hematological data
Of 19 patients examined the direct Coombs' test was

negative in 18 and slightly positive in one. Hemoglobin
electrophoresis in nine patients was normal.

Acute intoxication
One patient, in a suicidal attempt, ingested 100 tablets of
an analgesic preparation, containing a total of 16 g. of
phenacetin, 22 g. of acetylsalicylic acid and 3.2 g. of caf-
feine. The patient presented with cyanosis, diaphoresis,
disorientation and transient obtundation. The maximal
ASA blood level was 71.4 mg. per 100 ml. The subse-
quent course showed evidence of a hemolytic anemia
with a drop in hemoglobin concentration from 16.1 to
10.7 g. per 100 ml., 5.6% reticulocytes, methemoglo¬
binemia, and 21% Heinz bodies. Erythrocyte G6PD con-
tent and glutathione stability were normal.

Incidence ofrecurrent phenacetin exposure
Phenacetin-containing compounds were prescribed for
four patients subsequent to the recognition of phena¬
cetin-induced hemolysis, even during the same hospital
admission. Several other patients continued to be ex-

posed because of habituation. Four patients were ob¬
served during more than one episode of hemolytic
anemia.

Treatment
In most patients the anemia responded rapidly to with¬
drawal of the offending drug, and to iron and folate sup-
plementation if there were concomitant deficiencies of
these substances. In patients with chronic renal failure or

malignant disease normal hemoglobin levels were not
achieved.

Discussion
The recognition of drug-induced hemolysis may lead to
the diagnosis of a clinical syndrome with gastrointestinal
and renal manifestations which frequently runs a fatal
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course. Hemolysis will often be the first indication that
a patient is abusing an oxidant drug.

In the case of phenacetin, by arresting the abuse the
development or progression of analgesic nephropathy
may be prevented.
The single most valuable diagnostic procedure is care¬

ful examination of red cell morphology. The character-
istic finding is the presence of "bitten out" and irregu-
larly contracted red cells (Fig. 2). This suggests a drug-
hemolytic process.4 Other morphological abnormalities
may appear in association with "bitten out" cells. Hypo-
chromia may be present owing to iron deficiency as a
result of chronic blood loss secondary to the gastro-
intestinal ulceration produced by salicylates. Folate de¬
ficiency with its attendant macro-ovalocytosis and hy-
persegmentation of the nuclei of granulocytes, is usually
observed in patients who have had gastric surgery and is
due to malnutrition or is part of a malabsorption syn¬
drome. Burr cells and occasional spherocytes may be
seen in azotemia. Hence the morphological picture is a

composite, the most useful feature being the "bitten
out" red cells.
Once abnormal morphology is detected, establishment

of the diagnosis of DHA due to oxidant drugs requires
the demonstration of sulfhemoglobinemia and Heinz
bodies. In this series all patients had sulfhemoglobin¬
emia and 84% had Heinz bodies. The latter were not
detected in some patients, because their persistence
following discontinuance of the drug is of much shorter
duration than that of sulfhemoglobin (Fig. 4). The ex-

planation for this disparity lies in the fact that sulfhemo¬
globin has no known effect on the structural stability of
the red cell, whereas Heinz bodies alter the deformability
of the erythrocyte and hence render it susceptible to
splenic entrapment and destruction.12 Red cell survival
studies show that the hemolytic process in phenacetin
abusers is due to intracorpuscular as well as extracor-
puscular factors and that destruction of red cells takes
place in the spleen.17"19

Although ingestion of small doses of phenacetin-
containing analgesics for a limited period of time has
not been shown to affect red cell survival or to cause
Heinz body formation in normal subjects,18 there is no
doubt that massive doses of phenacetin-containing com-

pounds can cause an acute hemolytic anemia in an in-
dividual without G6PD deficiency and without renal
impairment, as is evident from the one case reported
here. The hemolytic effect of phenacetin shows some
correlation with the degree of renal impairment,18 pre-
sumably because of impaired excretion of the metabo-
lites. More than half of our patients had mild to moder-
ate degrees of azotemia or evidence of urinary tract
infection and may well have had impaired excretion of
the toxic metabolites of phenacetin at doses considered
to be in the therapeutic range. In many cases a time
relationship between the onset of the hemolytic anemia
and that of the renal disease could not be established.
Frequently the presence of a drug-induced hemolytic
anemia made the clinician aware of the true etiology of
a hitherto obscure, chronic nephropathy.
Methemoglobin was not, or only transiently, elevated

owing to rapid reduction by methemoglobin reductase.
An exception was the marked methemoglobinemia ob¬
served in the patient who had ingested acetanilid, which
is a well known, potent methemoglobin producer.20

Deficiencies of G6PD, GSSG reductase, glutathione

peroxidase and GSH have been associated with increased
susceptibility of the erythrocyte to the hemolytic effects
of oxidant drugs.9*21 In the patients studied for these
defects, G6PD levels were normal or elevated and GSH
stability, a measure of GSSG reductase activity, was
normal. These results confirm previous observations
that this type of DHA frequently occurs in the absence
ofany demonstrable enzyme deficiency.4
The presence of an unstable hemoglobin or hemo¬

globin H renders the red cells sensitive to the action of
oxidant drugs despite the presence of normal reducing
mechanisms.21 None of the patients examined in this
study showed evidence ofa hemoglobinopathy.
The direct Coombs' test was weakly positive in one

patient, suggesting a possible immune process caused
by phenacetin. However, the main cause of the red cell
destruction in this patient was the oxidant effect of the
drug, since 86% ofthe cells contained Heinz bodies.

Caffeine is an ingredient of many analgesic com-

pounds. Dimitrov, Millar and Ziegra22 have shown that
caffeine inhibits the HMP shunt of polymorphonuclear
leukocytes. The effect of this drug on the HMP shunt of
erythrocytes and its role in the development of this type
of drug-induced hemolytic anemia, deserve further in¬
vestigation.

Approximately 50% of the patients in this series had
reached the stage of the analgesic abuse syndrome. They
were invariably heavy phenacetin ingesters (doses up to
2.5 g. per day) and often manifested psychiatric dis-
turbances, peptic ulcer and its sequelae, and in some
instances renal failure. It is the latter that finally threat-
ens the patient's life. This complication can probably
be avoided by early recognition of the other components
ofthe syndrome, particularly the hemolytic anemia.

Table III
List of analgesics which contain phenacetin

* = codeine
t = other substance
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The fact that several patients were inadvertently pre-
scribed phenacetin subsequent to the diagnosis of DHA
demonstrates that sufficient awareness of the dangers of
chronic phenacetin intake for the health of the patient
still does not prevail in the medical community. This
problem is compounded by the fact that phenacetin is
still available in a wide variety of medications currently
on the market (Table III). Although some drug com-
panies have recognized the dangers of phenacetin and
have recently discontinued its use, there is an obvious
need for this recognition to become more widespread.

We wish to thank Mrs. S. Hutchison, Mrs. G. Charlow and
Mrs. L. Brigden for excellent technical assistance.

Resume
A ne'mie hemolytique provoque'e par la phe'nacetine
Les auteurs exposent les caracteristiques hematologiques
de l'anemie hemolytique provoquee par la phenacetine,
en vue d'attirer l'attention du medecin sur des anomalies
qui permettent de croire a l'emploi chronique de la phe-
nacetine. Le signe avant-coureur le plus frequent de
cette hemopathie m6dicamenteuse est la presence
d'erythrocytes fragmentes ou creneles ("bitten out").
Ce diagnostic est confirme par la decouverte de corps
d'Ehrlich-Heinz et de sulfhe6moglobinemie. La recon-
naissance precoce de cette forme d'abus de medica-
ments peut empecher le developpement ou l'evolution
d'une nephropathie analgesique.
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