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Splenic macrophages in preterm infants:
a necropsy study

S Variend, A Drummond, R Coombs

Abstract
Aims-To study the frequency and nature
of histiocytes in the splenic red pulp of
infants who died following complicated
immaturity/prematurity.
Methods-Twenty four pretermlimmature
infants were investigated. Frozen sections
of formalin fixed splenic tissue were

stained with Oil Red 0. Paraffin wax sec-

tions from the same tissue were con-

ventionally stained with haematoxylin and
eosin. Inumunohistochemistry was carried
out for a number ofmacrophage markers.
The administration of Intralipid was com-
pared with the presence and extent of tis-
sue macrophages.
Results-The spleens of 10 infants showed
varying degrees of Oil Red 0 positivity
ranging from mild to strong. In all these
cases varying numbers of macrophages
were confirmed in the splenic parenchyma
in ordinary sections. The inumunomarkers
indicated that the histiocytes belonged to
the macrophage phagocytic system. Ofthe
10 cases with splenic macrophages all had
received Intralipid. Ofthose not receiving
Intralipid none showed splenic macro-

phages. Seven had received Intralipid but
did not have splenic macrophages; they
had either only received small amounts of
Intralipid or Intralipid was discontinued
before death.
Conclusions-Splenic macrophages are

common at necropsy in inumature/preterm
infants. The macrophages are most lucidly
demonstrated using Oil Red 0 staining in
frozen sections. There is a strong as-
sociation between the presence of splenic
macrophages and Intralipid admin-
istration.
(J7 Clin Pathol 1996;49:391-394)
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The presence of large numbers of macrophages
in human tissues is often taken to indicate the
presence of a storage disorder or an infection
induced state and, rarely, a malignant con-

dition.`' The finding of large numbers of
macrophages in the preterm human spleen may
conceivably raise similar diagnostic con-

siderations.
An investigation of splenic tissue from 24

consecutive preterm infants using the Oil Red
0 technique showed positively staining cells in
the red pulp in a significant proportion of
specimens. Conventional staining of the same

specimens showed that Oil Red 0 positivity
correlates with the presence of large numbers
of macrophages. The latter have been reported
in the bone marrow of children4 and adults5
receiving Intralipid. Hence, we looked at the
possibility of a similar association between
Intralipid infusion and splenic macrophages
in preterm infants.

Methods
Seventeen of the 24 infants had received intra-
venous Intralipid at the usually recommended
dosage of up to 4 g/kg/day, incremented from
1 g/kg/day over four days. Gestational age

ranged from 21 to 36 weeks (mean 27 weeks)
and survival from less than one day to 43 days
(mean eight days). Only two of the infants were
assessed as small for their dates. There were

14 males and 10 females. The causes of death
varied widely (table 1). Heparin had been ad-
ministered in several of the cases to prevent
thromboembolism complicating arterial can-

nulation; the dosage did not, however, exceed
30 units daily.
Postmortem examination was performed ac-

cording to a standardised protocol. The spleen
along with other tissues had been fixed in
10% formol-calcium for three weeks. Frozen
sections were cut from formalin fixed splenic
tissue and stained using the Oil Red 0 tech-
nique. Haematoxylin and eosin stained sections
were studied microscopically from the same

spleen. Immunohistochemistry was carried out
for a number of macrophage markers using
standard techniques with appropriate negative
and positive controls. Diaminobenzadine was

used as the chromogen. The range ofantibodies
included CD68, S-100 protein, lysozyme, and
Mac 387. Clinical parameters, including intra-
venous Intralipid administration, were com-

pared with the presence and extent of
macrophage infiltration of the spleen.

Liver tissue was also stained with Oil Red 0
to assess the presence of fat-laden macro-

phages. These included cases in which the

Table 1 Causes of death

Cause Number of cases

Hyaline membrane disease 7
Immaturity 7
Bronchopulmonary dysplasia 2
Intraventricular haemorrhage and hyaline
membrane disease 3

Intraventricular haemorrhage 1
Hypoxic encephalopathy 1
Brain malformation 1
Angiotensin deficiency 1
Hydrops fetalis 1
Total 24
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Table 2 Relation between Oil Red 0 positivity and
Intralipid administration in the 24 infants studied

Group Oil Red 0 Intralipid

A (n=7) Negative Negative
B (n=7) Negative Positive
C (n= 10) Positive Positive

spleen was maximally involved and cases in
which the spleen was negative for fat-laden
macrophages despite receiving Intralipid. The
bone marrow was also studied in these cases
but because the tissue had been previously
decalcified it was not possible to use the Oil
Red 0 method, and only conventionally stained
sections were assessed.

Figure 1 Oil Red 0 staining of a section of spleen in an infant not in receipt of
Intralipid showing lack ofpositive staining (Oil Red 0 x 135).:~~~~~~~~~~~~~~
Figure 2 Oil Red 0 staining in a section of spleen showing a strong (+ + +) d
positivity. Intravascular Oil Red 0 positive material is also present (Oil Red 0 >

Figure 3 Conventional section from spleen showing large
featuring prominent phagocytic vacuoles corresponding to S
staining (haematoxylin and eosin x 558).

Results
The seven cases who had not received Intralipid
did not demonstrate splenic Oil Red 0 pos-
itivity (group A) (fig 1). Seven cases who had
received Intralipid were negative for Oil Red
O staining in the splenic tissue (group B). Of
the 10 cases with Oil Red 0 positivity all had
received Intralipid (group C) (table 2). This

u suggests a strong association between Oil Red
O positivity and the administration ofIntralipid
(Yates corrected X2=4 84, p=0 028).
According to the degree of Oil Red 0 pos-

itivity the cases were assigned to the following
categories: strong staining ( + + + ) (two cases)
(fig 2); moderate (+ +) (four cases); and mild
(+) (four cases).
The mean total volume of Intralipid received

by group B was 25 8 ml (range 1I3 to 72 ml)
and the mean total volume received by group
C was 152 ml (range 7-6 to 649 ml). In group B

~ the four cases who received the highest volumes
had discontinued Intralipid nine to 96 hours
before death and those who had received In-
tralipid up to the time of death had only re-

agree of ceived small volumes (1-3 to 6 ml). Only two
x 280). cases in group C had Intralipid discontinued

before death (six and 12 hours). One of these
had received a total volume of 250 ml and the
other had received a volume of 11-5 ml; the
latter infant was born after a gestational age of
23 weeks.
Among those spleens exhibiting parenchymal

lipid on staining with Oil Red 0, the macro-
phages visualised in conventional sections
seemed to be actively phagocytic as shown by
a coarsely vacuolated cytoplasm (fig 3). The
phagocytosed material seemed to be limited
to lipid (empty vacuoles) and did not overtly

.Sss ; ** include other cellular elements such as eryth-
*ZJ*e rocytes or lymphocytes; however, this was

sometimes difficult to exclude in the presence of
vt* postmortem changes. The splenic macrophages

10 . were positive for CD68, MAC 387 and lyso-
~,* zyme; they were negative for S-100 protein.

CD68 immunochemistry gave the best results
in terms of intensity and clarity of staining,

'*l ^- ¢ which appeared undiminished by moderate de-
grees of postmortem autolysis.

numbers of macrophages Macrophages also appeared phagocytic in
trong positivity on Oil Red 0 four cases from group B, but the degree of

cytoplasmic vacuolation did not seem to be as
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strong as that in group C cases, and probably
reflected the presence of recently deposited
lipid. CD68 positive cells were easily seen in the
splenic tissue from group A cases and probably
reflected resting indigenous macrophages.6
They were neither as numerous nor as enlarged
as the "activated" macrophages in the spleens
of cases in groups B and C.

In cases in group C the volume of ad-
ministered Intralipid generally did not correlate
strongly with the degree of Oil Red 0 positivity.
In some of the spleens Oil Red 0 positive
material was also observed within the lumina
of splenic vessels (fig 2), a feature that seemed
to relate to very noticeable degrees ( ++ ) of
deposited parenchymal lipid.
The hepatic portal tracts in the two group

C cases contained a few fat bearing macro-
phages and the bone marrow displayed many
foamy macrophages. By contrast, the hepatic
portal triads and bone marrow were devoid of
such macrophages in the seven group B cases.

Discussion
Oil Red 0 positive staining was found in a
significant proportion of the spleens from pre-
term infants. All of the cases with Oil Red
O positive material had received intravenous
Intralipid. The more noticeable degrees of fat
deposition generally occurred with larger in-
fusions of Intralipid, but the correlation was
not strong. The immunohistochemical profile
of the macrophages indicated that they be-
longed to the macrophage-phagocytic system.
The macrophages were overtly phagocytic.

Intralipid, an emulsion of soya bean oil, egg
lecithin and glycerol, is added to total par-
enteral nutrition which is widely used in the
clinical management of ill preterm infants. It
is an effective method of providing adequate
calories in a small volume with a relatively low
osmotic load. The fat particles of Intralipid
are metabolised to chylomicrons and plasma
triglycerides; the triglycerides are then hy-
drolysed by lipoprotein lipase to glycerol and
free fatty acids. The administration ofIntralipid
is rarely associated with serious complications
in the paediatric population.7

In group C cases the volume of infused
Intralipid correlated poorly with the degree
of splenic Oil Red 0 staining. Intralipid was
discontinued before death in only two cases in
this group and it is likely that the lack of
correlation was related to the complex meta-
bolism of fat in the preterm infant.8 Very pre-
term infants and those who are small for their
gestational age are also less efficient at clearing
triglyceride from the plasma.9 Absence of Oil
Red 0 staining in some of the cases after
discontinuation of Intralipid, as seen in group
B cases, suggests that deposition of lipid in the
spleen is reversible, and the relatively short
intervals between the cessation of lipid infusion
and the time of death in some of the cases
indicate that clearing of the lipid may be rapid.
The presence of lipid within the pulmonary

vascular bed of infants receiving intravenous
Intralipid at the usually accepted dosage has
been documented.S"" It has been suggested

that the observation represents pulmonary fat
embolism complicating intravenous lipid ad-
ministration'0; others have expressed doubt
that the phenomenon has any clinical sig-
nificance. 2
The fat overload syndrome, a clinical entity,

is a term used to describe a haemophagocytic
process complicating prolonged Intralipid
administration.4 '3 '4' The condition, which is
typified by gastrointestinal disturbance, hepato-
splenomegaly, anaemia, thrombocytopenia,
coagulation disorders, and hyperlipaemia, is
usually reported in adults, but children are
occasionally affected.4'3'4 Symptoms are re-
versible on withdrawal of lipid. The com-
plication is rare as evidenced by its reported
absence among 180 patients between birth and
21 years of age receiving Intralipid.7
The fat overload syndrome is a clinical con-

cept and, as such, is difficult to apply to the
present cases, but it is possible that the patho-
logical observations described here are part of
a continuum that includes the syndrome.
A clinical picture similar to reactive haemo-

phagocytic syndrome has been reported in chil-
dren during the course of prolonged Intralipid
administration.4 Sudan-black positive macro-
phages exhibiting erythrophagocytosis in the
bone marrow of all seven cases reported sug-
gested hyperactivation of the phagocyte-
macrophage system. A relation between this
condition and the fat overload syndrome is
suggested as both conditions demonstrate sim-
ilar haematological abnormalities.
There is ample evidence that lipid is de-

posited in the reticuloendothelial system after
lipid infusion. Experimental animals receiving
multiple infusions of fat emulsion dem-
onstrated polarisable brown pigment within
and outside the cells of the liver, spleen and
bone marrow'5 and intrahepatic pigment has
been demonstrated in liver sections at necropsy
of infants and children receiving lipid
emulsion.16' In the former study the pigment
was found in the hepatocytes and the hepatic
reticuloendothelial cells, and in the latter study
the pigment was found in the hepatic Kupffer
cells only. Hepatic and splenic foamy macro-
phages were also reported in an adult at nec-
ropsy after long term Intralipid infusion.18

Organs other than the spleen were not form-
ally investigated in the current study, but a
limited assessment indicated that fat containing
macrophages occur concurrently in at least
some extrasplenic reticuloendothelial tissues in
infants receiving Intralipid. Many of the cases
in the present study developed terminal sepsis
and it is conceivable that the presence of a
large amount of lipid occupying the re-
ticuloendothelial system might have had a de-
pressant effect on immune function. Whether
Intralipid administration impairs host defence
and facilitates infection is an ongoing debate.'9
Mice pretreated with Intralipid have been
found to show a greater mortality when chal-
lenged with group B streptococcus, compared
with control animals.20 Moreover, infants who
had received intravenous lipid emulsion were
reported to be several times more likely to
develop coagulase negative staphylococcal bac-
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teraemia than controls.2' Compromised im-
munity in the recipients of lipid emulsion may
be explained in a number of ways, including
functional impairment of macrophages22 and
neutrophils.f Delayed skin graft rejection was

also demonstrated in rats pretreated with lin-
oleic acid23 and oleic acid has also been used
in laboratory animals to "block" the re-

ticuloendothelial system and artificially en-

hance susceptibility to infection.24
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