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Aim. To compare the effects of preoperative treatment with recombinant human erythropoiet-
in (EPO) and iron with iron only on hemoglobin levels (Hb) in anemic women prior to
hysterectomy.
Methods. The study was an open-labelled randomized parallel study. Fifteen women sched-
uled for hysterectomy due to uterine myoma were given oral iron and EPO (NeoRecormonA)
4 weeks prior to surgery (group I) and 16 women were given oral iron only (group II).
Results. Group I showed a significantly greater increase in mean Hb during the pre-surgery
study period compared with group II (pΩ0.007). Two weeks postoperatively, however, there
was no significant difference in mean Hb between the two groups.
Conclusion. We found that a significantly greater increase in Hb was achieved with iron in
combination with EPO, although in most cases iron only seemed to be as efficacious as
ironπEPO in correcting anemia in myoma patients pre-operatively.
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Women with uterine myoma are often anemic due
to menorrhagia. Anemia can affect the surgical
outcome, i.e. increase morbidity and mortality.
The need for blood transfusions perioperatively
depends on the initial hemoglobin level and the
blood loss at operation. An Australian study re-
ported a significantly lower preoperative hemo-
globin concentration (Hb) in women receiving
blood transfusions in conjunction with an abdomi-
nal hysterectomy compared with those who did not
(1). The attitude to homologous blood trans-
fusions has changed and patients are less willing
to accept them, due to the small but real risk of
transmitting viral infections and triggering nega-
tive immunological reactions. The efficacy of re-
combinant human erythropoietin (EPO) in renal
anemia has been demonstrated in several clinical

Abbreviations:
EPO: erythropoietin; Hb: hemoglobin.
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studies (2–5). Recently several Jehovah’s Witnesses,
who had refused perioperative blood transfusions,
were treated with EPO resulting in increased eryth-
ropoiesis and good postoperative outcome (6, 7).
Other studies have shown that the Hb increases
1.5–2 g/dL after 6 weeks treatment with EPO in
doses of 60 to 120 U/kg body weight/week in
healthy volunteers (8).

The aim of this study was to compare the in-
crease in Hb in anemic patients prior to surgery
during four weeks of treatment with EPO and iron
with iron treatment only. We also studied Hb two
weeks postoperatively, the length of the hospital
stay and numbers of infections.

Patients and methods

This was a prospective, open-labelled randomized
parallel study in anemic women with uterine my-
oma scheduled for hysterectomy. Inclusion criteria
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were otherwise healthy women with Hb less than
12 g/dL. After informed consent the patients were
randomized to treatment with EPO and iron or
iron only in equal numbers. Group I: Epoetin beta
(NeoRecormonA, Roche) 5000 U sc. twice/week
and oral iron 100 mg bid (iron succinate, corre-
sponding to 100mg Feππ). Group II: Oral iron
100 mg bid. The study comprised 32 patients, fif-
teen women (mean age: 46∫1 years, BMI:
25.8∫3.3%) in group I and sixteen (mean age:
44∫1 years, BMI: 25.6∫3.6%) in group II. One
patient, who was randomized to group I, was with-
drawn as her Hb was too high at baseline. The
treatment was given during four weeks prior to
surgery. The patients were checked at the out-
patient clinic once a week up to two weeks after
the operation. The following laboratory tests were
taken: Sample 1: Hb, hematocrit, blood pressure.
Sample 2: Platelets, white blood cells, serum iron,
ferritin, iron saturation. At each visit and on the
day before the operation sample 1 was taken. Hb
was also measured the day of operation. Sample 2
was taken three times: at baseline, the day before
the operation and at the final visit two weeks post-
operatively. During surgery blood loss was care-
fully measured by weighing pads and recorded in
mL. All tests were analyzed at the Central Labora-
tory. All hysterectomies were abdominal and per-
formed by one surgeon (BL). Blood transfusions
and postoperative infections were recorded.

The safety and tolerability of EPO was evalu-
ated by reported adverse events, laboratory tests
and blood pressure measurements. The study was
approved by the Ethics Committee at the Karolin-
ska Hospital.

Fig. 1. Mean difference in Hb from baseline during treatment
with EpoπIron and Iron only.
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Statistical methods

Power calculations

The study has been dimensioned in order to detect
a difference in increase of Hb between the groups
of 1g/dL, with a significance level of 5% and a
power of 80%. With 15 patients in each group
these conditions would be met.

Differences between groups were tested by a
Mann-Whitney test or, if appropriate, by Student’s
t-test. Time trend differences between groups were
tested by means of analysis of variance (ANOVA)
for repeated measures. In addition to the descrip-
tive statistics graphical methods were employed to
characterize the data. The proportion of patients
reporting adverse events was compared between
the two groups by use of the chi-square test. All
analyses were carried out using the SAS system
(Statistical Analysis System) and a p-value of 5%
was considered significant.

Results

All women included had iron deficiency as defined
by a mean serum ferritin below the lower reference
value and transferrin saturation less than 15%.

For both groups an increase in mean Hb until
time of operation was observed (p,0.001 for each
respective group). During the same period the in-
crease in mean Hb was greater for EPO and iron
compared with iron only (pΩ0.007), (Fig.1 and
Table I). However, two weeks postoperatively the
Hb, measured as difference from baseline, did not
differ between the groups (group I: 1.73∫2.0 g/dL
and group II: 1.66∫1.1 NS). The white blood cells,
platelets and ferritin, respectively, were unchanged
(Table II) during the study period for each group.

No significant changes were observed in blood
pressure during the treatment; for group I the
mean systolic/diastolic blood pressure at baseline
was 127∫12/78∫8 mmHg and 131∫16/85∫8 after
four weeks of treatment; for group II it was
124∫18/76∫11mmHg and 127∫22/80∫11, respec-
tively.

The mean blood loss during surgery was
603∫388 mL for group I and 489∫259 mL for
group II (NS). The only blood transfusion was

Table I. ANOVA with repeated measures. Hb difference from baseline

Source of variation SS DF MS F p

Group 512.08 1 512.08 1.55 0.224
Week (repeated) 13114.02 4 3278.51 46.10 ,0.001
Group by week 1048.85 4 262.21 3.69 0.007

SSΩSum of squares, MSΩMean squares, pΩprobability, DFΩDegree of free-
dom, FΩFisher’s statistic.
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Table II. Hematologic indices during the observation period (mean∫s.d.)

Baseline After 4 weeks Two weeks post op.

Group I Group II Group I Group II Group I Group II
Factor nΩ15 nΩ16 nΩ15 nΩ16 nΩ15 nΩ16

Hb (g/dL) 9.8∫1.5 10.0∫1.2 12.6∫13 12.0∫1.4 11.6∫14 11.7∫0.6
Hematocrit (%) 30∫4 31∫3 38∫4 36∫4 35∫4 35∫2
Platelets (10E9/L) 329∫77 325∫113 290∫52 273∫75 456∫95 428∫172
WBC (10E9/L) 6.1∫1.4 6.1∫2.0 8.8∫9.6 6.5∫1.8 7.5∫1.2 8.4∫3.3
Iron (mmol/L) 8.5∫10.6 7.7∫9.3 12.0∫8.2 12.0∫6.6 9.5∫5.2 5.4∫2.8
Ferritin (mg/L) 10∫9 11∫11 17∫10 22∫22 39∫33 29∫14
Transferrin iron saturation (%) 11∫14 11∫14 19∫14 21∫13 16∫10 9∫4

given to a patient in group II, who was admitted
to the hospital two days before the scheduled oper-
ation due to heavy menstrual bleeding and Hb 7.5
g/dL. She received two units of blood at the time
of the operation.

Three patients had postoperative infections. One
patient in group I had a superficial wound infec-
tion. One patient in group II had a severe strepto-
coccal septicemia and was hospitalized for nearly
two months, she was lost to follow-up postopera-
tively. Another patient in group II had a urinary
tract infection.

In group I the patient’s average hospital stay was
6.4∫2.4 days and in group II: 8.1∫7.1, (NS). No
adverse events related to the study drug were ob-
served.

Discussion

Abdominal hysterectomy due to myoma can be
connected with significant blood loss and risk of
transfusion. A review of 103 medical records of hy-
sterectomized women at Karolinska Hospital
showed that 27% had a perioperative blood loss of
more than 500 mL. Several studies have shown
that preoperative Hb is an important predictor of
transfusion risk in surgical procedures (1, 9). The
blood loss is difficult to predict, but preoperative
Hb is possible to affect.

In our study the preoperative Hb was 12.6 g/dL
in the EPO and iron group as compared with 12.0
g/dL in the iron only group. This difference of 0.6
g/dL is approximately equivalent to 1 unit of
erythrocyte concentrate. Thus preoperative treat-
ment provided an additional safeguard against
homologous blood transfusions. In this small
group of patients, we found a difference in Hb pre-
operatively but no differences in the number of
blood transfusions, wound infections, nor in the
Hb two weeks postoperatively, indicating that both
treatment regimens are equally effective in the long
term.

The aim of the study was to compare the influ-
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ence on Hb of EPO and iron with only iron for
four weeks prior to surgery. Both treatment regi-
mens were effective in increasing the Hb with a
significantly greater increase in the group treated
with EPO and iron. These results are in line with
a previous study in patients scheduled for elective
orthopedic surgery, in which preoperative EPO
and oral iron treatment significantly enhanced
erythropoiesis, even in iron-depleted patients,
compared with iron only (10). Various case reports
from treatment of Jehovah’s Witnesses with severe
hemorrhagic anemia have shown that the combi-
nation of EPO and iron has been singularly suc-
cessful, not only in avoiding the need of blood
transfusion, but also in avoiding unnecessary post-
operative complications due to severe anemia (6,
7). In the present study we demonstrated that iron
alone is a potent method for correcting anemia in
severe iron deficiency (11). However, a combi-
nation of EPO and iron enables patients to achieve
a steeper rise in Hb during a four week preopera-
tive period. In one study in which the patients were
subjected to a series of phlebotomies for auto-
logous blood transfusion, all patients had serum
EPO levels within the normal range preoperatively.
However, some days postoperatively, after EPO
treatment was terminated, there was a significant
increase in serum EPO, indicating a suppression of
endogenous EPO during the treatment period (12).
Thus, it seems that blood loss per se, which can
result in severe anemia, does not necessarily pro-
duce a significant increase in endogenous EPO pre-
operatively. These findings are not in line with the
previously described relationship between degree
of anemia and increase in serum EPO levels in
anemic patients with normal renal function (13,
14).

We refrain from evaluating the cost benefits of
treatment of EPO and iron versus iron only, as a
larger population of patients would be required to
get safer estimates of the blood indices measured.
Moreover, health related quality of life could also
be considered in a cost benefit analysis.
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The patients’ resting blood pressure was moni-
tored. There were no statistically significant
changes in blood pressure in either group during
the study period. Earlier studies in patients with
chronic renal failure treated with EPO have shown
an increase in resting blood pressure in about 30%
of the cases (15). In a study on the effects of EPO
treatment in healthy subjects the resting blood
pressure was unaffected by EPO treatment, while
the systolic blood pressure was increased during an
exercise stress test after an EPO induced increase
in hemoglobin concentration (8). It seems that in
otherwise healthy women correction of anemia
with EPO has no effect on blood pressure.

In conclusion, we found that a significantly
greater increase in mean Hb was achieved with
iron in combination with EPO. In most cases iron
only seemed to be equally efficacious in correcting
anemia in myoma patients preoperatively.

Possibly a subgroup of patients could benefit
from EPO treatment. We recommend that all
women scheduled for hysterectomy due to uterine
myoma should be screened for anemia and rou-
tinely prescribed oral iron supplementation. Ad-
dition of EPO may be considered if Hb is less than
12 g/dL preoperatively.
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