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Abstract
Background: Reports on pulmonary lipid deposition after parenteral nutrition (PN) in children were based on small samples. Here we
report the prevalence of pulmonary lipid deposition in 114 consecutive autopsied children from a pediatric intensive care unit, including
neonates, lactants, preschool, school children and adolescents that
used or not PN before death. The objective of this study is to evaluate whether there is an association between the intrapulmonary
deposition of fat and the use of lipid infusion in total parenteral
nutrition in children.
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Methods: All 114 autopsied children (January 1998 through Decem-
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ber 2001) from the Intensive Care Unit of the Childrens’s Hospital in
Vitoria, ES, Brazil (50 that received PN before death and 64 that did
not receive PN). Pulmonary lipid deposit was investigated in frozen
sections of two fragments of each lung (peripheral and near the hylus)
stained by Oil Red O.
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Results: Intrapulmonary lipid deposition was observed in 47%
(54/114) of children. PN increased significantly the frequency of pulmonary lipid: 70%(35/50) in the group treated with PN and 29.6%
(19/64) in the non-treated group (p=0.000). This difference persists
significant if we consider separately the neonates and the children 29
days up to 15 years old (13/22) (59.1%) and 22/28 (78.6%) respectively
in neonates and in non neonates).

Conclusion: Results demonstrated: (a) pulmonary lipid deposits are
frequent in children dead at Intensive Care Unit; (b) in the group not
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treated with PN the frequency of lipid deposits was significantly higher
in children older than 28 days than in neonates; (c) parenteral nutrition
increased significantly the risk for pulmonary lipid deposition both in
neonates and children older than 28 days.

Introduction
Lipid emulsions for parenteral use are complex solutions containing emulsifying agents and different
concentrations of fat acids, glycerol, phospholipids
and tocopherol, that have been used in clinical practice since 30 years ago [1]. The emulsifying agents
can induce cellular injury because the reduction of
the surface tension they produce on the cells. In
addition they can increase the space between the
lipids molecules in cell membrane, increasing the
permeability and inducing lipid dispersion and cytolysis [2]. The introduction of new intravenous fat
emulsions from oil of olives, fish and soy, reduced
the incidence of pulmonary embolism, this is also a
possible complication [3].
Although used as safe intervention when correctly indicated, lipid emulsions has been linked to
the origin of pulmonary lipid deposition in children.
Pulmonary fat deposition after parenteral nutrition
in children has been reported in the lumen of pulmonary artery [4, 5, 6] and alveolar capillaries [4,
6-9, 10], in the cytoplasm of alveolar macrophages [4, 6, 8, 10-12] and alveolar epithelial cells [11],
in septal macrophages, in bronchial chondrocytes
and other interstitial cells [13]. Similar deposits has
been reported in rabbits treated with homologous
fat from adipose tissue [14], and in rats [15,16] and
pigs [17] treated with intravenous lipid emulsions.
The objective of this study is to evaluate whether
there is an association between the intrapulmonary
deposition of fat and the use of lipid infusion in total
parenteral nutrition in children
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Methods
Samples
This is case-control, where they compared lung
fragments obtained from autopsies performed
on children parts treated with parenteral nutrition
(cases) and their controls who did not receive parenteral nutrition with lipid emulsion. Fifty children
received parenteral nutrition and 64 did not receive this treatment and formed a control group.
All the autopsies were performed up to 12 hours
after death, after the parents’ formal and signed
agreement.

Parenteral nutrition
The total parenteral nutritional solution with 20%
lipid emulsion, 10% aminoacids, glucose, sodium
chloride, potassium chloride, potassium phosphate,
calcium gluconate and magnesium sulphate, was
continuously infused by an infusion pump during
24 hours. The lipid emulsion contained soy bean
oil, long chain fatty acids, mainly unsaturated, median chain fatty acids (60% caprilic acid and 40%
capric acid), egg lecithin, glycerol, sodium oleate,
alpha-tocopherol and linoleic and alpha-linolenic
acids. The initial dose of lipid emulsion was 0.5g/
kg/24h, with increasing of 1g/kg/24h up to 3,5g/
kg/24h. To reduce the peroxidation induced by
light, photo-protected devices were used for infusion in all neonates that were under photo-therapy. The maximum lipid infusion used was 0.17g/
kg/hour and heparin was not added to the infused
solution.
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Detection of pulmonary lipid depositions
From each case two 4% formalin fixed fragments
of each lung, one from the area near the hylus and
the other from the periphery, containing the visceral pleura, were used. The lung fragments were
washed in tap water for two hours, mounted in
a cryostat with inclusion medium (Tissue Freeze
Medium, für Laborgebrauch, Berlin) and 5 um
thick sections were obtained. The sections were
mounted on slides previously coated with 20%
human serum albumin and dried in a 55oC oven
during five minutes. Lipid detection was performed by staining for 15 minutes with a saturated
solution of Oil Red O in isopropanol, after filtration
through filter paper. After staining the sections
were washed in 50% isopropanol and mounted
under cover-slip with an aqueous mounting media
(Aquatex Merck). The histopathology analysis was
performed in the Pathology Laboratory of HINSG
by the author and revised by two other pathologists.

Clinical and anatomical data
The data about age, gender, and body weight, time
of hospitalization, medicine used and clinical and
anatomical diagnosis were retrieved and reviewed,
from the clinical and autopsy files.

Statistics analysis
For statistical analysis the Statistical Package for
Social Sciences, 11.0, (Chicago IL, USA) was used.
Descriptive statistics, association tests (qui square or
Fisher exact test), Mann Whitney test for comparison of groups and log-linear logistic binary regression analysis were used when necessary. P values
lesser than 0.05 (two-sided tests), were considered
significant.
This study was approved by the Research Ethical
Committee from the Federal University of Minas
Gerais.
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Results
The data on age, gender, time of hospitalization,
clinical manifestations, amount and duration of lipid
infusion in children that received or not the lipid infusion, are summarized in Table 1. The two groups
presented significant differences in regard to the
Table 1. A
 ge, gender, duration of hospitalization, clinical diagnosis, therapeutic inteventions in
114 children treated or not with total parenteral nutrition, autopsied at the Children’s
Hospital NS Gloria in Vitória, ES, Brazil.
Variables
Gender (N%)
Male
Female
Age (days)
Mean ± SD

Total parenteral nutrition
Yes (N=50)
No (N=64)
28 (56.0)
22 (44.0)

32 (50.0)
32 (50.0)

679.30 ± 1395.92
36
1-5631

898.45 ± 1728.24
88
1-5720

p

0.654

0.682
Median
Range
Body weigth (g )
Mean ± SD
7687.80 ± 10090.35 10252.34 ± 13145.71
0.175
Median
3600
4555
1000-50000
510-62000
Range
Hospitalization (days)
Mean ± DP
14.12 ± 13.52
Median
10
1-71
Range
Total lipid infusion (g/kg)
Mean ± SD
13.92 ± 17.81
Median
7.50
1-86
Range
Time of lipid infusion (days)
Mean ± SD
7.46 ± 7.36
Median
5
Range
Clinical Diagnosis (N%)
Sepsis
40 (80.0)
Pneumonitis
21 (42.0)
Prematurity
13 (26.0)
Congenital
10 (20.0)
heart disease
6 (12.0)
Enterocolitis

3.76 ± 3.48
2.5
1-18
-

<0.001

-

-

41 (64.1)
18 (28.1)
4 (6.2)

0.098
0.177
0.008

15 (23.4)

0.832

4 (6.3)

0.457
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Variables

Total parenteral nutrition
Yes (N=50)
No (N=64)

Clinical Diagnosis (N%)
Acute renal
5 (10.0)
failure
Cardiac failure
3 (6.0)
1 ( 2.0)
Asphyxia
Therapeutic interventions
Vasoactive
47 (94.0)
drugs
Blood
derivates

48 (96.0)

p

7 (10.9)

1.000

3 (4.7)
7 (10.9)

1.000
0.138

59 (92.2)

0.995

49 (76.6)

0.009

time of hospitalization and in the frequency of premature neonates. The age distribution among the
two groups was similar if we consider the frequency of neonates or children 29 days up to 15 years
old (respectively 22 and 28 in parenteral nutrition
treated group and 25 and 39 in non treated group
(p=0.7340).
The overall frequency of intrapulmonary lipid deposition was 47% (54/114). However parenteral nutrition increased significantly the frequency of lipid
deposition in the lungs that was 70% (35/50) in the
group treated with parenteral nutrition and 29.6%
(19/64) in the non-treated group (p=<0.001). This
difference persists significant if we consider separately the neonates and the children 29 days up to
15 years older (Table 2).
When we compare the frequency of lipid deposits in the group not treated with parenteral nutrition, the frequency of lipid deposits are higher in
children older than 29 days (1/24) (4.1%) and 18/21
(46.1%), respectively in neonates and children older than 29 days; p=<0.001). This difference was
not significant in the group that received parenteral nutrition (13/22) (59,1%) and 22/28 (78,5%),
respectively in neonates and non neonates (p=
0.237).
In both groups lipid deposition was observed in
alveolar and septal macrophages, and in the lumen
or wall of blood vessels (Figure 1). The frequency of
lipid deposits in each lung fragment (from periphery
or central) was similar, as demonstrated by the Mc-
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Table 2. F requency of intrapulmonary fat deposition
in 114 neonates and children treated or not
with total parenteral nutrition, autopsied at
the Children’s Hospital NS Glória in Vitória
ES, Brazil.
Groups

Parenteral
nutrition
Yes
Yes

OR
(95% CI)

p

All children
35
19
5.53
Intrapulmonary Present
<0.001*
lipid
15
45 (2.29-13.53)
Absent
Neonates
13
1
34.6
Intrapulmonary Present
0.0001*
lipid
9
24 (3.65-819.14)
Absent
Children > 29 days up to 15 yr
22
18
4.28
Intrapulmonary Present
0.0157*
(1.27-15.03)
lipid
6
21
Absent
*: Mann Whitney test for comparison of groups and log-linear
logistic binary regression analysis.

Figure 1: Intrapulmonary fat deposits in children
treated with lipid emulsions in parenteral nutrition.

A: fat located in alveolar macrophages (red oil 40x); B: Fat located in
alveolar macrophages (red oil 40x); C: fat located in alveolar septa (oil red
40x); D: fat located in alveolar macrophages (red oil 40x); E: fat located in
pulmonary vessel wall (red oil 40x); F: fat located in the pulmonary vessel
inside (oil red 40x).
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Nemar test (p=0.629) and by the Kappa index for
concordance (Kappa=0.691, p=0.0005). The topography of lipid deposition showed not relationship
with the total parenteral nutrition, being similar in
group that received or not the lipid infusion. Lipid
deposition within septal or alveolar macrophages
was significatively lower in neonates than in children
28 days up to 15 years old (p<0.005).

Discussion
The sample we studied included neonates and
children without significant differences in ages
between the groups that received or not the lipid
infusion. All cases had similar clinical and demographic characteristics and were submitted to similar
therapeutic interventions, except the parenteral
nutrition. However, the duration of hospitalization
and the number of neonates were greater in the
group treated with parenteral nutrition. By these
reasons all the conclusions resulted from the comparison between these two groups may consider
the caveats resulting the assumption that they are
comparable.
Our results demonstrated that pulmonary lipid
deposition was significantly more frequent in children that received lipid infusion, in comparison with
children that not received parenteral nutrition. This
observation confirms previous reports in which only
neonates were included in the study [9, 12, 13]. In
addition the results demonstrates that the frequency of lipid deposition was also significantly high in
children older than 28 days treated with parenteral
nutrition, in despite the higher frequency of lipid
deposits in children not treated with parenteral nutrition int his group.
The great number of cases we report here
enhance the idea that lipid infusion is in direct
relationship with the pulmonary lipid deposition
observed in children treated with parenteral nutrition. However, the mechanism of this lipid deposition is unknown. Experimental studies in rats and
© Under License of Creative Commons Attribution 3.0 License
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pigs demonstrated that intravenous lipid infusion
may be a primary cause of pulmonary lipid deposition [15, 16, 17]. Resuscitation maneuver were
frequently used in the two groups of children in
this study. Bone fractures during these maneuvers
may be responsible by lipid deposition [19]. Thus
it is possible that the lipid infusion only increases
the chance of pulmonary lipid deposits. The high
frequency of fat deposits in lungs of children that
not received total parenteral nutrition reinforces
this hypothesis. Other authors suggested that pulmonary lipid deposition could be a post mortem
phenomenon19. However, the high frequency of
lipid in macrophages is an indicative that this lipid
deposition occurred before death. Other admitted
that in neonates and children with severe disease an unknown factor (C reactive protein?) would
induce coalescence of lipoprotein after lipid infusion, with increase in size of lipid particles, which
are filtered in the lungs [10]. The stress response would be such a factor in intrapulmonary lipid
deposition, as observed in rabbits submitted to a
vigorous stress [14].
The frequency of lipid deposition was similar
in the periphery and in central lung fragments, in
opposite of other observations in which the lipid
deposition was reported more frequently in lung
periphery [4, 12]. However, in these studies the
authors did not comment about the sampling of
lung fragments and probably the small number of
cases they studied was the main cause of the difference observed. Levene et al [9, 10] and Shulman et
al [13], that studied series of cases, did not report
the topography (if periphery or central) of fat deposits they observed in the lungs.

Conclusion
Our results demonstrated that intrapulmonary lipid
deposition is a frequent event in neonates and children that die at intensive care units being significantly higher in the group that received parenteral
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nutrition. It is possible that lipid infusion increases
the risk for lipid coalescence initiated by stress in
these severely ill patients, thus increasing the deposition of lipid droplets in lung tissues.
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