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ATIENTS with iron deficiency angmia, re-

fractory to or unable to tolerate iron by
mouth, present a difficult therapeutic problem.
The search for a safe and effective iron prepa-
ration for parenteral use covers many years.!
Small doses of iron have been given in this way
on many ocecasions. Intramuscular injections
were excessively painful and intravenous doses
much in excess of 10 mgm. produced severe
toxiec reactions. Dramatic h@matologic re-
sponses in patients with iron deficiency anemia
have been observed after intravenous infusions
of large doses of colloidal iron hydroxide, but
severe reactions occurred in every case.?
Nissim?® reported the successful treatment of
iron deficiency an®mia with large intravenous
doses of saccharated iron oxide. His prepara-
tion was a variable produet but toxic reactions

* From the Departments of Medicine and Metabolism,
The Montreal General Hospital and the Department of
Medicine, McGill University. This work was done with
the aid of grants from a Governor of this Hospital, Mr.
T. Howard Stewart, and from Messrs. Ayerst, McKenna
and Harrison Limited of Montreal.

t Senior Medical Research Fellow, National Research
Couneil, Canada.
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were less severe than those encountered by
earlier workers. Slack and Wilkinson* de-
veloped a stable preparation of saccharated iron
oxide for intravenous use and recorded the
successful treatment of 60 cases of iron de-
ficiency an®mia. No severe toxie reaction oc-
curred although large doses of this material
were used.

We are presenting the responses of six pa-
tients with iron deficiency an®mia to intra-
venous injections of saccharated iron oxide.
Five were refractory to iron by mouth and one
could not tolerate this therapy.

Clinical material.—The salient features of the
six patients are shown in Tables I and II. Clini-
cal and hematologic studies indicated iron
deficiency in each case. In no case did iron
deficiency seem to be due to blood loss. Two
of the three women were past the menopause
and the third had normal menses. Four of the
six patients had undergone partial gastrectomy
for peptic uleer; one had ecirrhosis of the liver;
and one, a chronic alcoholie, had received anta-
buse for twelve months.

Saccharated iron oxide.—We used three prep-
arations, each of which contained 2% iron.
Two, ‘‘feojectin’® and ‘‘ferrivenin’’, were
proprietary products.* The third was prepared
by Mr. F. Zahalan, chief pharmacist of the Hos-
pital, according to the method of Slack and

* Supplies of ‘‘Feojectin’’ were donated for . this
study by Smith, Kline and French Laboratories. ¢¢Ferri-
venin’’ is manufactured by Messrs. Benger’s Limited.

TasLE I,
CLiNICAL FEATURES
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Wilkinson.*
ance or response to the three preparations.

The total dose was caleulated on the hasis
of 37 mgm. of iron for each 1% deficit of hamo-
globin (Haldane). It has been estimated that
about two-thirds of this amount is used for
synthesis of hemoglobin and one-third to re-
plenish stores of iron.* A 50 mgm. dose of iron
was given on the first day, 100 mgm. on the
second and 200 mgm. on the third and subse-
quent days. Injections were given from an all-
glass syringe into an antecubital vein at a rate
not exceeding 5 c.c. per minute. These solu-
tions are strongly alkaline and may -cause
sloughing - when injected into the tissues
outside a vein. Care was taken to avoid this.

Toxic reactions.—Reactions to the intravenous
administration of many iron compounds are
alarming. Irritation of the gastro-intestinal
tract may give rise to nausea, vomiting and
diarrheea. Depression of the central nervous
system may cause coma. Precipitation of iron
particles in the blood may lead to multiple
pulmonary and systemiec emboli with symptoms
like those of fat embolism. These reactions may
be fatal. The minimum lethal dose for man is
not known but single injections of more than
10 to 20 mgm. have usually produced severe
reactions.

It is noteworthy that no toxic reactions were
encountered following the 52 intravenous in-
jections of 50 to 200 mgm. of iron as saccha-
rated iron oxide given to the six cases
described here. On two occasions patients
noticed a sense of warmth in the arm during an
injection. No loeal venous thromboses resulted.

Response to treatment.—Response to treat-
ment was good in every case. Symptoms such
as tiredness, dyspncea, palpitation, loss of ap-
petite and dyspepsia were relieved rapidly.
Koilonychia was gradually replaced by normal
nail formation. Glossitis and angular stoma-
titis subsided and the one patient with Plummer-
Vinson syndrome was completely relieved of
dysphagia. Clinical improvement was apparent
as soon as 48 hours after starting treatment.
Red blood cell counts and hemoglobin levels
rose quickly and have been well maintained for
as long as nine months (Table II). The
hematologic response was often dramatie, with
a reticulocyte peak of 10 to 23% after 6 to 10
days (Fig. 1).

SACCHARATED IRON OXIDE

There was no difference in toler- «
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COMMENT

The responses to intravenous treatment with
the three saccharated iron oxide preparations
were equally prompt and satisfactory. No toxic
reactions were encountered. Great care is
necessary in the preparation of the solution
described by Slack and Wilkinson.* Use of
such a preparation for treatment implies a re-
sponsibility to first test its toxicity in labora-
tory animals and ensure that the solution is
stable and of correct pH. Feojeetin and ferri-
venin ‘are more convenient because they have
been standardized before release and there is
no need for preliminary testing in the hospital
laboratories.

It is clear that, in the doses used, these solu-
tions of saccharated iron oxide are safe and
effective in the treatment of iron deficieney
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anemia. There is no doubt that the develop-
ment of this agent represents an important ad-
vance in therapy. The proper indications for
its use cannot be defined at the present time.
Most cases of iron deficiency an@mia respond
satisfactorily to treatment with iron by mouth
and use of the intravenous route is unnecessary.
We think that the use of iron by the intra-
venous route should be restricted to cases of
iron deficiency anemia which cannot be ade-
quately treated with iron by mouth. Saccha-
rated iron oxide is clearly indicated for patients
who are refractory to or cannot tolerate iron
by mouth, or when replacement of iron is an
urgent matter. An example of the last is iron
deficiency an@mia late in pregnancy.’

The late results of giving large amounts of
iron intravenously to patients who have no iron
deficit are not known. A condition resembling
hemochromatosis sometimes results from oft
repeated blood transfusions. The possibility
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that a similar disorder may be produced by the~
injudicious intravenous use of saccharated iron
oxide should be considered.

SUMMARY

1. Six patients with iron deficiency an®mia,
refractory to or unable to tolerate iron by mouth,
were treated with saccharated iron oxide by the
intravenous route.

2. No toxic reactions were encountered al-
though single doses of iron as large as 200 mgm.
were used.

3. Response to treatment was good in every
case. |

4. It is suggested that use of iron by the
intravenous route be restricted to cases of iron
deficiency which cannot be adequately treated
with iron by mouth. .

. We are grateful to our colleagues of the Departments
of Medicine and Surgery of the Montreal General Hos-
pital for their co-operation in the investigation and treat-
ment of these cases.
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SOME EFFECTS OF INTRAVENOUS
INJECTIONS OF SACCHARATED IRON
OXIDE ON SERUM IRON AND
UNSATURATED IRON BINDING
CAPACITY*

D. G. Cameron, M.D,,} E, H. Bensley, M.D. and
Phyllis Wood, B.Sc.
Montreal, Que.

OXIC reactions are seldom encountered when
single intravenous doses of iron as large as
200 mgm. daily or twice daily are given as sac-
charated iron oxide.'t® In striking contrast,
severe reactions may follow the intravenous in-
jection of small doses of many other iron com-
pounds. It seemed interesting to study the
effects of intravenous injections of saccharated
iron oxide on serum iron and unsaturated iron

* From the Departments of Medicine and Metabolism,
The Montreal General Hospital and the Department of
Medicine, McGill University, Montreal. This work was
done with the aid of grants from a Governor of this
Hospital, Mr. T. Howard Stewart, and from Messrs.
Ayerst, McKenna and Harrison Limited of Montreal.

t Senior Medical Research Fellow, National Research
Council, Canada.

binding capacity (U.ILB.C.) in the hope that
this paradox might be resolved.

Holmberg and Laurell,® and Cartwright and
Wintrobe” gave single intravenous doses of 1
to 25 mgm. of iron in the form of ‘‘ascorbic acid
reduced ferric chloride’’, or ‘‘iron ascorbate’’.
Toxic reactions occurred only when the capacity
of the serum to bind iron was exceeded. Under
these cirecumstances serum iron levels rose to
the limits of the total iron binding capacity, the
unsaturated iron binding capacity became zero
and the surplus unbound iron rapidly left the
blood.

SACCHARATED IRON OXIDE '

We used three preparations, each of which
contained 2% iron. Two, ‘‘feojectin’’ and ¢‘fer- .
rivenin’’, were proprietary products.* The
third, “M.G.H. 3”’, was prepared by Mr. F.
Zahalan, chief pharmacist of the Hospital, ac-
cording to the method of Slack and Wilkinson.?
There was no difference in tolerance or response
to the three preparations. '

METHODS

Six patients with iron deficiency ansmia vol-
unteered for these experiments. Single doses of
40 to 200 mgm. of iron as saccharated iron oxide
were given from an all-glass syringe into an
antecubital vein at a rate not exceeding 100
mgm. per minute. Venous blood was drawn
from the opposite arm before the injection, five
minutes after the injection, and at various inter-
vals during the subsequent 24 hours. No anti-
coagulant was used. Serum iron and U.L.B.C.
were deterrhined by the methods of Barkan and
Walker® and Cartwright and Wintrobe? re-
spectively.

REesuLTs

No toxic reactions were encountered. Serum
iron and U.I.B.C. values are shown in Table I.
Five minutes after each injection the serum
iron rose to a level far above the total iron
binding capacity of the serum. The U.I.B.C.
was reduced but never approached zero. At the
end of 24 hours serum iron levels and U.I.B.C.
approximated the initial values.

DiscussioN

I‘t is clear that saccharated iron oxide differs
markedly from other iron compounds with re-
spect to toxieity and effect on serum iron and

* Supplies of ‘‘Feojectin’’ were donated for this
study by Smith, Kline and French Laboratories. ¢‘Ferri-
venin’’ is manufactured by Messrs. Benger’s Limited.



