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CASE REPORT

Fish Oil Lipid Emulsion-Associated Sea-Blue Histiocyte Syndrome
in a Pediatric Patient

Ting Ting Wu, BS and David S. Hoff, PharmD

Pharmacy Department, Children’s Hospitals and Clinics of Minnesota, Minneapolis, Minnesota

A syndrome of hepatosplenomegaly, thrombocytopenia, and anemia and the presence of sea-blue histio-
cytes in bone marrow has been associated with parenteral soybean oil administration in patients receiving
long-term total parenteral nutrition (TPN). A case is described here where this syndrome was observed in a
pediatric patient who received long-term parenteral fish oil nutrition.
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INTRODUCTION

Sea-blue histiocyte syndrome is a rare disorder
of abnormal lipid metabolism and the finding of
macrophages in the liver and bone marrow that
contain unsaturated, intracytoplasmic phospho-
lipid that stains a deep blue color upon applica-
tion of Giemsa solution.! Clinical characteristics
of the condition include thrombocytopenia, ane-
mia, splenomegaly, and hepatomegaly. Approxi-
mately 15% of cases progress to liver cirrhosis
and portal hypertension.? The disorder has been
reported as a secondary phenomenon in diseases
that either increase the production of lipid, such
as chronic myeloid leukemia, idiopathic throm-
bocytopenic purpura, and myelodysplastic syn-
dromes, or decrease the catabolism of lipid, as in
the Niemann-Pick and Gaucher lysosomal stor-
age diseases.? Sea-blue histiocyte syndrome has
also been reported in adults receiving long-term
parenteral nutrition with soybean oil emulsion.*?
We describe a case here of a pediatric patient who
developed sea-blue histiocyte syndrome associ-
ated with the chronic parenteral administration
of fish oil emulsion.

CASE REPORT

A 1360-g female was born at 30 weeks ges-
tation by Cesarean section to a 21-year-old
primigravida mother, because of fetal distress.

The newborn was operated on emergently after
birth because of obvious necrotic bowel with
gastroschisis. Intraoperatively, the patient was
found to have midgut volvulus and intestinal
atresia. Subsequent surgery left her with less than
10 cm of bowel, a gastrostomy feeding tube, and
dependence on total parenteral nutrition (TPN).
Congenital cytomegalovirus infection was also
diagnosed. Intravenous soybean oil was used
as the fat component of her nutrition because it
was the only US Food and Drug Administration-
approved parenteral fat available in the United
States.

By 10 weeks of age, she developed parenteral
nutrition associated hepatic cholestasis and jaun-
dice. The lipid source of her TPN was converted
from 3 g/kg/day parenteral soybean oil to 1 g/
kg/day parenteral fish oil in August 2008 under
an investigational protocol, with resolution of
hyperbilirubinemia. Over the course of the next
5.5 years, the patient maintained a normal leuko-
cyte concentration, an average platelet count of
127,000 cells/pL and a low hemoglobin concen-
tration (average: 10.8 g/dL) that was attributed
to anemia of chronic disease and, at times, non-
adherence to enteral iron supplementation. Her
peripheral blood triglyceride concentration re-
mained below 50 mg/dL, on average, throughout
her life. Triglyceride concentrations higher than
100 mg/dL were recorded on 2 brief occasions.

The patient experienced 11 episodes of cen-

J Pediatr Pharmacol Ther 2015 Vol. 20 No. 3 ® wwuw.jppt.org

217



JPPT

TTWu, etal

Table 1. Bacteremia Type and Cytopenia

Platelets (cells/pL) Triglycerides (mg/dL) Total/Direct Bilirubin

Hemoglobin (g/dL)

From
Baseline
+0.2/40.1

(mg/dL)
From Nadir From Peak From Peak
Baseline Baseline

Baseline

Nadir

Blood Culture

Date

3.5/2.8
0.2/0.1
0.4/0.1
0.2/0.1
0.2/<0.1

+20
+38
+26
+6
+69
+37
+82
+63

64
56
53
31

—21,000
—-67,000
—27,000
—-13,000
—20,000
—104,000
—102,000
—-102,000
—-131,000
—-129,000
—-186,000

96,000

16,000

67,000

98,000
114,000

-0.1

10
9.1

Coagulase negative Staphylococcus

Klebsiella pneumoniae

Kluyvera spp

October 2008

0/0
+0.2/0
+0.1/0
+0.1/0
+0.2/0

+0.3/+0.1

-0.9

February 2009
May 2009

-1.2

8.7

0.2

104

Veillonella parvula

October 2009

100
82

-0.3
-2.1

11

9.3

December 2009  Actinomyces spp

0.4/<0.1

22,000
20,000
8,000
2,000
28,000
5,000
224,000

K. pneumoniae
November 2010 K. pneumoniae, Proteus mirabilis
December 2010 K. pneumoniae, Escherichia coli

January 2012

August 2010
October 2012

0.5/0.1
0.4/<0.1

102
83

-1.9

9.1

+0.3/0
+0.1/40.1
+0.2/-0.1

=25
—4.1

8.5

0.2/0.1
0.4/<0.1

7.8
7.8

6.4

K. pneumoniae
Micrococcus spp

+3
+155

36

—2.7
=5.1

+0.3/+0.1

0.5/0.1
0.1/<0.1

196
40

Serratia liquefaciens

December 2014  Follow-up; no sepsis baseline

February 2014

10.6

tral line-associated sepsis in her first 5.5 years
of life, caused by infection with various mainly
gram-negative bacteria. With each episode, she
developed fever and elevated C-reactive pro-
tein concentration with increasingly prominent
anemia and thrombocytopenia and temporarily
increased triglycerides and bilirubin (Table 1).
Each of these values reversed spontaneously
after the administration of antibiotics in all cases.
Leukocytes increased significantly during 7 of
the septic episodes and declined during 4 of
them. Intravenous fish oil nutrition dosage was
changed to 1 g/kg/day soybean oil in October
2013 because the hepatic risks were thought to
be similar, but the fish oil was causing repeated
episodes of sepsis-associated anemia and throm-
bocytopenia. A summary of TPN lipid changes
and associated clinical sequelae can be found in
Table 2.

A more in-depth work up of the patient’s cy-
topenia was conducted during a February 2014
episode of sepsis. A summary of the work up is
provided here. The patient was significantly and
acutely anemic but did not exhibit any signs of
bleeding. Hepatosplenomegaly was palpated on
physical examination. A follow-up abdominal
ultrasonography confirmed significant hepato-
megaly and splenomegaly with some gallstones.
Vascular interrogation did not show portal vein
thrombosis or other hepatic vascular obstruction.
The patient’s kidneys were at the upper limits
of the normal range in size. A liver biopsy assay
showed significant capsule, fibrous tissue, and
smooth muscle but no evidence of cirrhosis. Fur-
ther characterization could not be done due to a
small sample size. A gallbladder biopsy showed
the usual undulating surface mucosa. Minimal
inflammation was identified. The muscular wall
was intact.

The patient’s platelet concentration was sig-
nificantly and acutely lower than her normal
baseline value. Mean platelet volume was 15.5
fL, suggesting active bone marrow release into
the systemic circulation. Liver function tests, bili-
rubin, coagulation studies, and basic metabolic
panel values were within normal limits. A bone
marrow biopsy analysis showed an increased
number of sea-blue histiocytes, 90% to 95% mar-
row cellularity with trilineage hematopoiesis and
slightly increased megakaryocytic numbers. The
myeloid-to-erythroid ratio was 1.6:1. Peripheral
blood morphology showed slight to moderate
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Table 2. Lipid Adjustments and Major Events Timeline

Date Lipid adjustments and major events

May 2008 Soybean oil, 3 g/kg/day with TPN, was begun due to short gut syndrome.

August 2008 Soybean oil was changed to fish oil, 1 g/kg/day, due to hyperbilirubinemia.

July 2009 Mild splenomegaly noted for the first time on abdominal ultrasonography

October 2013 Fish oil was changed to soybean oil, 1 g/kg/day, due to frequent anemia and thrombocytopenia.

February 2014 Sea-blue histiocyte syndrome was diagnosed. The soybean oil dosage was reduced to 3 days
per week.

March 2014 Soybean oil was discontinued.

May 2014 Soybean oil, 1 g/kg/day, 3 days per week, was restarted for weight gain.

June 2014 Elevated liver function tests (ALT 450 units/L, AST 250-350 units/L ); liver biopsy showed hepatic
steatosis; soybean oil was again discontinued

September 2014  The patient continued to experience hepatosplenomegaly and cytopenia.

November 2014 Soybean oil, 1 g/kg/day, 3 days per week, was restarted for weight gain.

normochromic normocytic anemia with rare
dacrocytes, leukopenia without absolute neutro-
penia and relative monocytosis with occasional
activated monocytes. Results from a comprehen-
sive lysosomal enzyme panel and a bone marrow
chromosome analysis were normal.

Having ruled out the typical causes of sea-
blue histiocyte syndrome, it was postulated
that parenteral fat from intravenous nutrition
was contributory to this patient’s sepsis-related
anemia and thrombocytopenia. The dosage of in-
travenous soybean oil nutrition was reduced to 3
days per week on hospital discharge. Intravenous
fat was discontinued altogether in May 2014 as
continuous enteral feeding was advanced.

The patient was readmitted to the hospital for
a hepatitis work-up in response to moderately
elevated liver function test results found on rou-
tine surveillance in June 2014. Hepatospleno-
megaly was palpated. Aliver biopsy examination
showed grade 6/8, stage 3/4, nonalcoholic he-
patic steatosis according to nonalcoholic steato-
hepatitis clinical research network criteria.® Other
causes of hepatitis were ruled out.

DISCUSSION

Prolonged parenteral nutrition is associated
with numerous complications. One of the more
serious complications is parenteral nutrition-as-
sociated cholestasis and liver disease that ranges
from hepatic steatosis to cirrhosis with liver
failure. The most effective method to prevent
parenteral nutrition associated liver disease is

advancement to full enteral feeds and discontinu-
ation of parenteral nutrition. However, this was
not possible for the patient in this case because of
the short length and poor function of her bowel.
Although the cause of the disease is multifacto-
rial and unclear, evidence suggests that higher
doses of soybean oil are more associated with
liver disease, whereas lower doses of soybean oil
or fish oil may be more preventative.”"?

The composition of fatty acids and excipients
found in soybean oil differs from that in fish oil.
The major components of soybean oil are 44%
to 62% omega-6 fatty acids, 4% to 11% omega-3
fatty acids, 2.25% glycerin, and 1.2% egg phos-
pholipids. The remaining fats in the emulsion are
composed of omega-9 and -11c fatty acids and
saturated fat. Fish oil contains approximately 4%
to 13% omega-6 fatty acids, 30% to 70% omega-3
fatty acids, 2.5% glycerin, and 1.2% egg phospho-
lipids. The minor components of the emulsion
are omega-7 and -9 fatty acids and saturated fat.
It is interesting to note the presence of sea-blue
histiocyte syndrome in this patient who received
a lipid emulsion that was weighted more toward
the presence of omega-3 fatty acids than omega-6
fatty acids.

Sea-blue histiocyte syndrome caused by chron-
icsoybean oil administration has been reported to
occur in adults from 6 to 131 months (median: 64
months) after the initiation of TPN.® The authors
postulated that high blood lipid levels could lead
to lipid laden histiocytes, incomplete degrada-
tion and accumulation within the cell. In another
publication, sea-blue histiocyte syndrome was
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reported in two adults with splenomegaly, apo-
lipoprotein E mutation and mild-to-moderate
hypertriglyceridemia. Macrophage uptake of
mutant apolipoprotein E prevented severe hy-
pertriglyceridemia until splenectomy.'* None of
the patients in these two publications had leci-
thin acyltransferase deficiency or lipid storage
disease. However, the patient in our case did not
have elevated peripheral blood triglyceride con-
centrations, making both of these mechanisms of
sea-blue histiocytes less likely, although it could
be argued that the increased dosage of omega-3
fatty acids in the fish oil preparation caused
increased chylomicron triglyceride clearance in
our patient, masking another disorder.

Sea-blue histiocytes have been described in
patients with lysosomal storage diseases (e.g.,
Niemann-Pick) and chronic myeloid leukemia.
However, a genetics consultation found lyso-
somal enzymes in this patient’s peripheral leu-
cocytes were normal and a hematology-oncology
consult ordered bone marrow aspirate showed no
evidence of chromosomal abnormalities or malig-
nancies. Further, the marrow cellularity and the
presence of megakaryocytes showed no chronic
bone marrow suppression. To the contrary, the
increased peripheral blood mean platelet volume
indicated that the cause of the thrombocytopenia
was likely a destructive systemic process rather
than myelosuppression.

Lecithin acyltransferase deficiency is a cause of
splenomegaly with sea-blue histiocytes. Typical
clinical manifestations are corneal opacification
from corneal cholesterol distribution, decreased
high-density lipoprotein, renal failure, and
hypertriglyceridemia.'®> However, physical ex-
amination of our patient did not reveal corneal
opacification, and renal dysfunction and hyper-
triglyceridemia were not present outside of the
acute periods when she was septic.

The presence of marked anemia and thrombo-
cytopenia during septic episodes suggests that
either elements of bacterial infection, such as en-
dotoxin, or the systemic inflammatory response
could have triggered the cellular destruction.
Splenomegaly found on physical examination
and ultrasonography along with the presence of
peripheral dacrocytes indicate the spleen as the
most likely source of destruction. It is possible
that endotoxin caused the activation of abnormal,
phospholipid-laden splenic monocytes, initiating

phagocytosis of red blood cells and platelets. If
true, parenteral immune globulin, a corticoste-
roid, a tumor necrosis factor blocker, or interleu-
kin-1 blocker could be effective in minimizing
cytopenia in the future, although each of these
treatments carries risk in the setting of sepsis.

The patient in this case received long-term
parenteral fish oil for nutrition because of the
development of parenteral nutrition-associated
cholestasis. Anemia and thrombocytopenia were
noted, with episodes of sepsis prior to the switch
back to soybean oil in October 2013. Another
episode of anemia and thrombocytopenia oc-
curred with the February 2014 septic episode,
120 days after the discontinuation of fish oil.
The episode showed the most significant acute,
sepsis-related cytopenia to date with no resolu-
tion of the syndrome after switching from fish
oil to soybean oil. The only published case of
parenteral lipid-induced sea-blue histiocyte
syndrome that showed resolution of cytopenia
over time found that normal cell values were
not present up to 190 days after discontinuation
of parenteral lipid.'® The lack of improvement in
cytopenia after switching from fish oil to soybean
oil in our patient suggests that the mechanism
of parenteral lipid-induced sea-blue histiocyte
syndrome is similar whether or not the patient
receives fish oil or soybean oil.

Despite vigorous investigation of known
causes of sea-blue histiocyte syndrome in this
patient, the most likely identifiable cause was
administration of parenteral lipid emulsion.
It did not appear that there was a difference
between fish oil and soybean oil with regard to
the condition. More evidence from other patients
will be required to better identify a correlation
between parenteral lipids and the condition
and any potential treatments for the cytopenia
associated with it.
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