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Abstract

We report the development of burr cell anemia in an infant with short bowel syndrome who
received parenteral fish oil (Omegaven, Fresenius-Kabi, Graz, Austria) after development of total
parenteral nutrition—associated liver disease. Parenteral fish oil was discontinued, and the burr cell
anemia disappeared, suggesting that parenteral fish oil might be associated with hemolytic anemia.

Total parenteral nutrition (TPN)-associated liver disease develops in 40% to 60% of infants
who require long-term TPN for intestinal failure.! The pathogenesis is multifactorial, and
standard omega-6 soy-based intravenous lipid is one of the suspected culprits. Parenteral
fish oil (Omegaven, Fresenius-Kabi, Graz, Austria) is a recently introduced intravenous
omega-3 fatty acid (fish oil) for TPN administration. Parenteral fish oil has been shown to
reverse cholestasis resulting from conventional TPN with intravenous omega-6 fat emulsion
administration.2=5 The explanation for this reversal remains under investigation. One
possibility is that, in distinction to soy-based formulation, parenteral fish oil contains
docosahexaenoic acid and eicosapentaenoic acid, which both have antiinflammatory
properties.

Burr cells (echinocytes), first described in 1949, are red blood cells with short, uniform
spikes emanating from the edges of the cell membrane. They are induced by either extrinsic
or intrinsic factors. Extrinsic factors include lysolecithin, high levels of fatty acid or
physiological levels of fatty acid in the presence of lysolecithin. The intrinsic factors can
include aging of red blood cells, which is probably related to decreased adenosine
triphosphate. The extrinsically induced echinocyte transformation is generally reversible by
washing the cells in fresh plasma; the intrinsically induced transformation is not. Burr cells
have been described in association with a variety of disorders, including the following:
hemolytic anemia of various causes, kidney disease, liver disease, vitamin E deficiency,
increased intracellular calcium, alkalosis, and drug-induced (mesna, 5-fluorouracil, and
benzodiazepines). Alternatively, burr cells may represent an artifact while preparing the
smear.’
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Recently, Fischler et al® demonstrated burr cell formation in red blood cells incubated in the
presence of parenteral fish oil. We report a patient who is unique in that echinocytes
developed while she was receiving parenteral fish oil.

Patient Presentation

The patient is a female born at 34 weeks’ gestation (birth weight 2210 g) with gastroschisis
and jejunal atresia. At surgery on the first day of life, only 40 cm of viable small bowel was
present. TPN with intravenous omega-6-based lipid (Intralipid, Fresenius-Kabi, Uppsala,
Sweden) was started on the first day of life at a dose of 0.5 g/kg/d. The dose was increased
gradually to 3 g/kg/d. During TPN administration, TPN-associated cholestasis developed. At
6 weeks of age, total bilirubin was 2.7 mg/dL (normal: 0.3-1.5), conjugated bilirubin 2.2
mg/dL (0.0-0.5), aspartate aminotransferase 75 U/L (0-34), and alanine aminotransferase 57
U/L (10-44). In an attempt to halt the progression of the liver disease, parenteral fish oil was
started at age 2 months. Before its administration, an investigational new drug application
was submitted and approved by the Food and Drug Administration. The patient’s mother
signed a consent form to allow the use and administration of parenteral fish oil. The initial
dose was 0.5 g/kg/d and was increased to the currently accepted dose of 1 g/kg/d. The
hepatic biochemical profile normalized by age 3 months with total bilirubin of 0.4 mg/dL,
conjugated bilirubin 0.3 mg/dL, aspartate aminotransferase 28 U/L, and alanine
aminotransferase 26 U/L.

While receiving parenteral fish oil, it was noted that recurrent anemia developed, and the
patient required a total of 8 red blood cell transfusions throughout the 5 months of
administration. Upper and lower endoscopies were performed and did not show any sources
of bleeding.

Evaluation to determine the cause of persistent anemia included the following: mean
corpuscular volume of 82 fL (71-84), ferritin 155 ng/mL (10-291), total iron binding
capacity 247 ug/dL (250-450), transferrin saturation 20% (15%-50%), reticulocytes 2%
(0.5%-1.5%), haptoglobin 62 mg/dL (40-240), PT/PTT 13.4/25.7, folate >24 ng/mL (>5.4),
and vitamin B12 830 pg/mL (211-911). Parvovirus immunoglobulin M and G results were
negative. Hemoglobin electrophoresis showed hemoglobin A1 97.4% and A2 2.6% (normal
electrophoresis). Serum vitamin E was 11.2 mg/L (5.0-9.0), and the vitamin E/total blood
lipid (total cholesterol + triglycerides) ratio was 6.32 zmol/mmol (lower limit of normal is
1.6 umol/mmol).® Serum essential fatty acids were monitored and measured serially while
parenteral fish oil was administered and demonstrated elevated levels of do-cosahexaenoic
acid 890 pmol/L (10-220) and eicosapentaenoic acid 629 pmol/L (2-60). Family history
was negative for hemolytic anemia.

The patient’s peripheral blood smear showed extensive echinocytes (burr cells), red blood
cell fragments, spherocytes, and a mild reticulocytosis (Figure 1 and Figure 2; available at
www.jpeds.com). The mother’s blood smear was evaluated and was normal. Parenteral fish
oil use was suspected as the cause of the anemia and discontinued because alterations in
blood lipids can cause morphologic abnormalities in the red blood cell membrane and
eventually hemolysis.10

The burr cells disappeared from the blood smear after parenteral fish oil was discontinued.
At that time, the result of the smear was mildly abnormal with microcytes, red blood cell
fragments, and poikilocytes (Figure 3 and Figure 4; available at www.jpeds.com).

The patient continued to have anemia, but blood transfusions were no longer needed. Six
months after parenteral fish oil was discontinued, the anemia had resolved, and the result of
the repeat blood smear appeared normal.
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The patient had an appropriate growth rate while on parenteral fish oil, gaining an average
of 18 g/kg/d. Her growth continued at 22 g/d once Intralipid was substituted for Omegaven
at 7 months of age. Enteral feeds were started early in life with an amino acid—based
formula, and close to 40% of her daily caloric requirement was provided by enteral feeds at
the time parenteral fish oil was discontinued. The patient continued to advance enteral
feedings and by 2 months after stopping parenteral fish oil, she was receiving 60% of
calories enterally. Micronutrients, including copper, iron, and zinc, remained within normal
limits.

Discussion

The appearance and subsequent resolution of burr cells coinciding with the use and
discontinuation of parenteral fish oil, respectively, incriminate this preparation as the cause
of these abnormal cells. In vitro and in vivo observations support this hypothesis. Fischler et
al® incubated red blood cells with increasing concentrations of parenteral fish oil and
observed red blood cell membrane changes resulting in burr cell formation. In their study,
these effects were fully reversible on wash-out of parenteral fish oil. Escudero et al10
reported higher echinocyte formation in fish oil-fed rats compared with others fed with
either olive or sun-flower oil.

Burr cell anemia is not listed by the manufacturer of parenteral fish oil. Is duration of
parenteral fish oil usage a factor in the development of burr cells? In case series that
cumulatively included 33 patients with an infusion duration range of 7 to 37 weeks, no
deleterious adverse effects were noted. Our patient received 23 weeks of parenteral fish oil,
which is within the reported range.*°

The mechanisms responsible for formation of burr cells are unknown but have been
attributed to changes in composition of the lipids of the red blood cell membrane. These
changes affect erythrocyte fragility and ultimately cause shape alterations, which make the
red blood cells more susceptible to trapping and destruction by the spleen.”11 For example,
phosphatidylcholine, which is another constituent of parenteral fish oil, incorporates into the
outer hemileaflet of cell membranes and may alter the shape of erythrocytes, leukocytes, and
other endothelial cells and thus may contribute to echinocytosis.
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Figurel.
Patient’s peripheral blood smear showing extensive echinocytes (burr cells), red blood cell
fragments, spherocytes, and a mild reticulocytosis.
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Figure 2.
Patient’s peripheral blood smear showing extensive echinocytes (burr cells), red blood cell
fragments, spherocytes, and a mild reticulocytosis.
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Figure3.
Mildy abnormal blood smear with microcytes, red blood cell fragments, and poikilocytes
after parenteral fish oil was discontinued.
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Mildy abnormal blood smear with microcytes, red blood cell fragments, and poikilocytes
after parenteral fish oil was discontinued.
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