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SUMMARY. Severe anaemia, with haemoglobin (Hb)
levels �3gdL�1, is associated with mortality rates of
50–95%. Although accepted transfusion targets have
been debated in the literature (Carson et al., 2002; Prac-
tice guidelines for blood component therapy. 1996; Con-
sensus Conference. 1988; Hebert et al., 1999), few would
argue the risks associated with Hb levels less than
5gdL�1 in critically ill patients. In patients who are
unable to receive red blood cell transfusions, the utility
of Hb solutions is an attractive solution. We describe a
Jehovah’s Witness patient who exemplifies the marked
physiologic derangements of severe anaemia and subse-

quent clinical resolution with large volume polymerized
human Hb transfusion. The Hb-based oxygen carrier,
PolyHeme1, provided adequate oxygen transport,
acting as a bridge until endogenous production could
compensate for red cell loss. Practicing physicians need
to be aware of current therapeutic options for use in
these complicated patients.

Key words: blood substitute, Jehovah’s Witness, pla-
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Severe anaemia, with haemoglobin (Hb) levels
�3 g dL�1, is associated with mortality rates of
50–95% (Sauaia et al., 1998; Aiboshi et al., 2001; Zallen
et al., 2000; Biffl et al., 2001; Aiboshi et al., 1999;
Johnson et al., 2001; Gould et al., 2002; Carson et al.,
2002). In patients with religious preferences or
autoimmune haemolytic anaemia who are unable to
receive red blood cell (RBC) transfusions, the utility
of Hb solutions is an attractive solution (Cothren
et al., 2002; Mullon et al., 2000; Lanzkron et al.,
2002; Hardy & Van der Linden, 2002). Herein we
describe a Jehovah’s Witness patient who exemplifies
the marked physiologic derangements of severe
anaemia and subsequent clinical resolution with large
volume polymerized human Hb transfusion.

CASE REPORT

A 39-year-old Jehovah’s Witness suffered placental
abruption and intrauterine fetal demize at 31 weeks
of pregnancy. Vaginal delivery at another hospital
was complicated by disseminated intravascular coagu-
lation (DIC) with fibrin split products >40 mcg dL�1,
D-Dimer >2, a platelet count of 73 000 mL�1, fibrino-
gen of 53 mg dL�1 and a prothrombin time (PT)
of 18�2 s. Hb on admission to the outside hospital
was 11�8 g dL�1, which subsequently dropped to
2�9 g dL�1 prior to transfer to Denver Health Medical
Center (DHMC). Although the patient refused red
cell transfusion, she agreed to accept erythropoietin
and the polymerized Hb solution PolyHeme1

(Northfield Laboratories Inc, Evanston, IL, USA).
Upon arrival to DHMC, the patient was markedly

symptomatic due to her severe anaemia, with diffi-
culty breathing, exhaustion and inability to concen-
trate. On physical examination, she was pale and
appeared uncomfortable, with laboured tachypnea;
she had a respiratory alkalosis with an arterial blood
gas (ABG) of pH 7�47/pCO2 31/pO2 169/HCO3 22/
sat 100% on a 100% nonrebreather mask, and a
lactate of 2�7mmol L�1. Her heart rate was
131 min�1, and an electrocardiogram (EKG) revealed
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depressed ST segments in the precordial leads
(Fig. 1a). She was administered her first dose of
subcutaneous erythropoietin 700 ukg�1 (40 000 units)
and given intravenous ferrous sulfate (1�4 g over 6 h).

PolyHeme, a polymerized Hb solution derived from
outdated human red cells, was administered in units of
500mL containing 50 g Hb. She was transfused a total
of 18 units of PolyHeme during her hospital course.
Two units were transfused soon after the patient’s
arrival with a resultant increase in Hb to 4�5 gdL�1

(Fig. 2). The patient’s symptoms dramatically
improved in response to PolyHeme transfusion, her
heart rate decreased to 95min�1, with resolution of
her tachypnea and EKG changes (Fig. 1b).

PolyHeme was transfused to maintain a Hb of
�5 g dL�1. She received an additional six units from
hospital day (HD) 2–8 (Fig. 2). Due to a fever (40�1 �C)
and elevated white blood cell count (27 600), abdomino-
pelvic computed tomography (CT) scan was performed
on HD 8 to rule out an intra-abdominal infection.
Imaging revealed an enlarged uterus and complex
fluid collection along the anterior aspect of the uterus
(Fig. 3). Empiric broad-spectrum antibiotics were
started, and ultrasound-guided percutaneous drainage

of the fluid collection was performed with a 12 French
catheter. With persistent drain output of >200 cc every
8h, the patient was taken to angiography, and an
aneurysmal bleeding uterine artery was embolized.
Endometrial biopsy was performed due to persistent
fevers, which confirmed secondary endometritis.
Consequently, the patient underwent total abdominal
hysterectomy on HD 14. She was transfused six units
of PolyHeme perioperatively, and intraoperative blood
loss estimated at 800 cc.

Her postoperative course was uneventful. Two
additional units of PolyHeme were given on HD 16;
intermittently checked blood chemistries were unre-
markable. She was extubated on HD 17, tolerated
enteral feeding and completed her antibiotic course.
She was discharged on HD 28 with a Hb of 8�8 g dL�1,
platelet count of 203 000m�1L and a reticulocyte count
of 6�7%. She remained well at 6-month follow-up.

DISCUSSION

First characterized as ‘temporary haemophilia’ over a
century ago, severe DIC complicating placental

A

B

Fig. 1. Electrocardiogram (EKG) tracing reveal ST segment depressions (A) during the height of the patient’s symptoms,

prior to receiving any polymerized haemoglobin solution. The EKG changes resolve (B) following transfusion of PolyHeme.
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abruption comprises less than 0�0002% of all deliv-
eries (Sher & Statland, 1985; Lurie et al., 2000; Bick,
2000). Although case reports of patients surviving
with Hb levels less than 5 g dL�1 exist, (Howell &
Bamper, 1987; Brimacombe et al., 1991) the reported
mortality in a large cohort study of Jehovah’s Wit-
nesses requiring surgery is 65% for Hb< 3 g dL�1

and 100% for Hb< 2 g dL�1 (Gould et al., 2002;

Carson et al., 2002). Our patient was symptomatic with
a Hb of 2�9 gdL�1, with dyspnea, resting tachypnea,
respiratory alkalosis, tachycardia, elevated lactate and
evidence of cardiac ischaemia. Her symptoms and
clinical indices resolved with transfusion of PolyHeme.
More important than her initial clinical response to
the blood substitute is the prolonged course of the
patient with need for multiple transfusions to maintain
her Hb level due to ongoing blood loss. It is doubtful
that the patient would have survived either the
first week or been able to undergo definitive surgery
for her endometritis at the end of her second
hospital week, without the supplemental Hb added
by PolyHeme.

The Hb-based oxygen carrier (HBOC), PolyHeme,
provided adequate oxygen transport, acting as a
bridge until this patient’s bone marrow production
could compensate for red cell loss. PolyHeme is a
stroma-free polymerized and pyridoxylated Hb solu-
tion; it has a normal oxygen carrying capacity and a
P50 (26–32 mmHg) higher than blood that facilitates
oxygen unloading in peripheral tissues (Gould et al.,
1990; Gould & Moss, 1996). PolyHeme is universally
compatible; hence, one may avoid the time-consuming
process of type and cross matching. It is also
immediately available with a shelf-life exceeding
1 year. Our ongoing Federal Drug Agency-approved
clinical studies have shown acceptable safety profiles
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Fig. 2. The patient’s haemoglobin concentration is plotted during her hospitalization.

Fig. 3. An abdominal computed tomography (CT) scan on

hospital day 8 shows an enlarged uterus (dashed line) and a

complex fluid collection along the inferior aspect (solid line).
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in healthy volunteers (Gould et al., 1993) and injured
patients (Gould et al., 2002; Gould et al., 1998; John-
son et al., 1998) with no systemic or pulmonary
hypertension (Johnson et al., 1998; Gould et al.,
1997). In addition, preliminary data during resuscita-
tion with PolyHeme has shown a reduction in the
post-injury inflammatory response associated with
stored RBCs and thus may reduce the incidence of
multiple organ failure (Johnson et al., 2001; Johnson
et al., 2003).

The general treatment principles of minimizing
blood loss and maximizing red cell production
apply to the injured or acutely anaemic patient, but
have heightened importance in the Jehovah’s Witness
population. As a result, practicing physicians need to
be aware of current therapeutic options for use in
these patients. Techniques such as normovolemic or
hypervolemic haemodilution, (Trouwborst et al.,
1990) mild hypothermia (Lichtiger et al., 1982;
Lichtenstein et al., 1988), hypotensive anaesthesia
(Nelson & Bowen, 1986; Davis et al., 1974) and
intraoperative red cell salvage (Olsen et al., 1990;
Lewis et al., 1991) have been used to minimize trans-
fusion requirements for elective procedures in these
circumstances. Life-threatening haemorrhage, however,
is common following emergent operations and poses
a therapeutic dilemma in the Jehovah’s Witness
refusing transfusion. Pharmocologic augmentation
of endogenous red cell production is an attractive
approach; however, there is an inherent delay for
marrow production. PolyHeme may be an alternative
to autologous blood transfusion in this setting.

Erythropoietin is an accepted therapy for some
Jehovah’s Witness members and has been documented
as supportive treatment for a variety of conditions
producing acute blood loss (Mullon et al., 2000; Pousada
et al., 1990; Koestner et al., 1990). Erythropoietin
stimulates red cell production and has a dose–response
(Goodnough et al., 1994; Eschbach et al., 1987), with
an increase in reticulocyte counts by the second or third
dose (Koestner et al., 1990; Mercuriali et al., 1993). The
quantity chosen in this patient was empirical, based
on previous high-dose studies that have shown few
complications associated with this method (Mercuriali
et al., 1993; Mann et al., 1992; Price et al., 1996). Such
usage of erythropoietin may expand the role of HBOCs
in the critically ill patient (Corwin et al., 1999; Gabriel
et al., 1998; Corwin et al., 2002).

The life-sustaining and ultimately life-saving qual-
ities of red cell substitutes should no longer be a
matter for debate. Although accepted transfusion
targets have been debated in the literature (Carson
et al., 2002; Practice guidelines for blood component
therapy. 1996; Consensus Conference. 1988; Hebert

et al., 1999), few would argue the risks associated
with Hb levels <5 g dL�1 in critically ill patients.
Blood substitutes may be life sustaining in patients
who do not have immediate access to red cells, acting
as a bridge to endogenous production or red cell
transfusion; additionally, as evidenced in this patient,
PolyHeme may be life saving in individuals who do
not accept red cell transfusions.
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