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• The clinical and biochemical features of essential
fatty acid deficiency are described in an infant with
gastroschisis who required long-term (6 mol
parenteral nutrition. The deficiency responded to
therapy with lntraltpid, topical sunflower oil. and
breast milk. In a prospective study of three infants
with gastroschisis. biochemical essential fatty acid
defic iency developed in each during the first week of
lipid-free parenteral nutrition; clinical signs of the de
ficiency were absent. The biochemical features were
progressive in the one patient followed for 19 days.
and were associated with a decrease in weight gain.
Both the deficiency and weight gain were corrected
by lntral ipid. Biochemical essential fatty acid defi ·
ciency did not develop in three other gastroschisis in
fants who were given prophylactic Intralipid (two
patients) or topical sunflower oil lone patient). We
conclude that all infants on parenteral nutrition
should receive a source of linoleic ac id to prevent
essential fatty acid defic iency.

INDEX WORDS: Fatty acid deficiency ; parenteral nu
trition ; Intralipid; sunflower oil.

ESS ENT IAL fatty acid deficiency is a com 
plication of lip id- free parenteral nutrl

tion. ':" Several children have been reported
with this deficiency after prolonged parenteral
nutrition.v" The clinical features include a scaly
skin rash, failure to thrive, sparse hair growth,
and thrombocytopenia. The diagnosis is es
tablished by demonstrating a raised serum level
of 5,8, l l-eicosatrienoic acid (20:3w9), low levels
of linoleic (18:2), arachidonic (20:4) acids, and a
(20:3w9/20:4) ratio greater than 004.''''

We report an infant with ga stroschi sis who
developed essential fatty acid deficienc y duri ng
prolonged parenteral nutrition (patient M.P.).
A study was then carried out in six oth er gas
troschisis infants receiving parenteral nutrition
to determine: (l) when the deficien cy develops ;
(2) its clinical effect; (3) the response to lipid
therapy; and (4) whether the deficiency can be
prevented.

For comparison, serum fatty acids were also
de termined in healthy controls.

MATERIALS AND METHODS

Controls. The fatty acid composition of serum phospho 
lipid was determined in 12 fasting infants and children un
dergo ing su rgical procedu res as day cas es. They were on a
norm al diet, growing normally and free from metabolic
disturbances .
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Patient M.P. This pr eterm, female infant (36 wk gesta
tion; birth weight 1.73 kg) had a gastroschisis with complete
evisceration. During laparotomy at 6 hr, 20 em of infarcted
midsmall intes tine was resect ed and the abdome n closed
without prosthesis. Parenteral nutrition was st arted on the
third day and continued for 6 mo . She received an average of
110 cal /kg/day, plus plasma (20 ml/kg/wk) and sm all
amounts of oral formula intermittently. H er course was
complicated by recurrent episodes of intestinal obstruction
requiring further resection of all but 24 em of proximal
jejunum and 10 em of distal ileum. Her weight gain was poor
and a dry, scaly rash developed on her trunk, prox imal
aspec t of the ex trem ities and scalp a ft er 90 days of
parenteral nutrition. The platelet count was normal. The
clinical features persisted and a 12-day course of 20% in
tralipid (15 ml/kg/day) was started a t 137 days. The skin
rash cleared. Additional lipids were then pro vided by topical
application of sunflo wer oil until parenteral nutrition was
stopped and she tolerated breast milk, She died at 8 '2 mo of
intractable diarrhea and adrenal failure.

Study group. The fatty acid composition of serum
phospholipids was determined before and during parenteral
nutrition in six gastroschisis infants following corrective sur
gery . The patients' clinical details are given in Table I .

Patients 1-3 received no lipids during the first 6- 21 days .
Intralipid (two patients) and o ra l formula (one patient) were
administered aft e r the fatty acid deficiency had developed.

Patients 4- 6 received lipids throughout parenteral nutri
tion: intra lipid daily or bi-weekly (two cases) and topical
sun flower oil (one case).

Patient S.T. developed a sta phylococcal wound infection
and d ied of septicemia 5 days aft er parenteral nutrition was
discontinued. Patient S.F. died suddenly a t 3 wk due to an
embolism from the silastic central catheter.

Parenteral nutrition. All patients except S.T . received
3.3% Amigenand 20% dextrose, 90-150 rnl/kg/d ay through
a central venous catheter." S .T . received 2.5% Vamin and
12% dextrose, 80 -100 ml per kg plus 20% Intralipid (15 ml
per kg) by peripheral veins.' Minerals and vitamins, includ
ing vitamin E (5 I. U . per day), were added to the solutions.

Oral fe edings, This cons ist ed of half cream formula
(Cow and Gate) that was increas ed gradually, as tolerated,
while the patient was weaned from parenteral nutrition.
S.F . died before oral feedings could be started,
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Table 1. Clinical Details of Six Gastroschisis Infants Requiring Parenteral Nutrition

POSTUMA ET AL.

Parenteral Nutrition

Caloric Oral Intake
Birth Age Intake Weight Lipid Age

Gestation Weight Started Duration Lipid-Free Average Gain Therapy Started
Patient (wkl (kg) (days) (days) (days) (cal/kg/day) (g/day) (Type/Dose) (daysl

1. M.H. 38 2.10 5 36 21 130 36 Intralipid 34
3g/kg/day

2. R.G. 37 2.40 8 21 6 144 39 Intralipid 22
3g/kg. twice weekly

3. G.T. 40 3.45 2 13 7 94 30 Oral formula 9
4. S.T. 38· 2.70 3 25t 77 10 Intralipid 25

3g/kg/day
5. R.W.' 34 1.94 2 30 85 16 Intralipld 30

3g/Kg. twice weekly
6. S.F. 35 2.10 7 14 90 25 Topical sunflower oil

3 ml/day

'Only male.

t By peripheral vein.

Analysis a/lipids. Morning blood samples were taken at
least 8 hr after the patient last received parenteral or oral
intake of fat.

One volume of serum was extracted by the addition of 9
vol of chloroform: methanol (1:1, vjv). The monophasic
system was broken after 30 min by the addition of5 vol 3 M
NaCl, and the lower chloroform-rich layer was taken to dry
ness on a rotary evaporator at 60·C. The lipid was taken up
in a small volume of heptane and applied to an 0.5-mm thin
layer plate of silica gel H impregnated with rhodamine 6 G.
Neutral lipid was separated from the phospholipid by
development in ether for 2 em. The phospholipid spots
containing mainly lecithin were scraped into narrow tubes
and saponified directly with 0.5 ml 0.5 N methanolic NaOH
for 10 min at 65· C. Methylation of the fatty acids occurred
when 1 ml of the methanol: heptane, concentration H,SO I

(180:45:2v jv) was added and heating continued for 2 min.
Heptane layers containing the methyl esters were ob

tained by adding water to each tube so that an S.G.E. 10-).L1
syringe. needle could draw up samples of heptane for
analysis. Pye model 204 gas chromatographs with dual
flame ionization detectors were employed and analyses were
carried out at 195'C or 210'C with nitrogen carrier flow

rates of 50-60 mljmin. Confirmation of identities was ob
tained by using glass columns, 6 mm 0.0., packed with
either 90 em [0% polyethyleneglyeol succinate, 165 em 5%
polyethyleneglycol adipate or 165 em OB-I (a polymethyl
silicone) all on 100~120 mesh. gas chrom Q.

Quantitation was by height molar correction factors, ob
tained by using standard mixtures of known molar composi
tion. The correction factor of eicosatrienoic acid (",9) was
assumed to be the same as that for eicosatreinoic acid (",6)
with allowance for band broadening. Routine analysis was
carried out on the 10% polyethyleneglycol succinate
column.

RESULTS

Controls

It can be seen from Table 2 that serum lin
oleic acid (18:2) is normally low at birth and
increases with age. Conversely, serum arachi
donic acid (20:4) is high at birth and decreases
with age. Traces of 20:3w9 were detected in 8

Table 2. Serum Fatty Acid Composition in 12 Fasting Hospitalized Children With Normal Nutrition (Controls)

Mole Percent

Age 16:0 16:1 1B:O 1B:1 18:2 20:1 20:3 w 9 20:3 w 6 20:4

Newborn 35.6 2.2 13.5 18.2 3.9 0.4 1.9 24.3
Newborn 37.2 2.7 10.7 17.7 6.4 0.2 0.8 5.3 19.0
1 wk 32.2 2.9 16.2 18.5 10.5 0.7 0.5 2.1 16.4
2wk 32.8 1.5 13.8 12.2 16.6 0.7 5.3 16.0
4 mo 27.8 2.7 14.3 21.1 14.2 0.8 1.6 4.6 11.3
6 mo 30.8 2.1 15.2 19.6 12.0 1.7 4.1 13.0
8 mo 28.7 2.7 14.1 16.8 17.6 0.2 3.1 15.1
12 mo 28.9 2.2 14.6 15.4 22.2 0.6 2.7 13.2
18 ma 25.3 2.2 15.3 18.2 20.7 0.4 0.7 4.5 12.1
22 ma 29.9 1.7 14.5 18.2 19.1 0.4 0.6 3.6 11.0
4 vr 29.0 2.4 12.9 16.9 21.2 0.2 4.6 11.4
5 yr 27.6 1.6 14.9 16.0 21.3 0.8 0.5 4.9 12.8

20:5

1.1

1.6

1.5
0.7
0.2
0.6

1.0
1.4

20:3 OJ 9

20:4

o
0.04
0.03
0.04
0.14

0.13
o
o
0.06
0.05

o
0.04
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Table 3. Serum Fatty Acid Composition Belore and After Lipid Therapy During long-Term Parenteral Nutrition (Patient M .P.)

Age
(days)

16:0 16:1 18:0 18:1

Mole Percent

20:1 18:2 20:3 w9 20:3 w 6 20:4 20:5 22:1

Ratio
20: 3 w 9

20:4 Lipid Therapy

100 28.4 6.1 14.0 25 .0 1.3 4.7 15 .7

150 32.5 9.2 13 .8 26 .2 1.5 6.0 5.2

170 26.3 2.0 13 .7 16.4 0.3 16.8 4.2

225 33.9 1.9 9.4 17.9 0.2 14.3 1.7

0 .8

1.5

6.7

6.4

2 ,4 1.6

3.3 0 .8

13 .6

13.5 0 .8

6.5

1.6

0.3

0 .1

Fat -free parenteral nut rition
(97 daysl

After 20% intralipid (15 ml/Kgl

day) for 12 days.
After top ical sunflower oil

(3 ml/da y) a nd small ora l
feeds

On breast milk

controls . The (20:3w9j20:4) ratio did not exceed
0.14 (Table 2).

Patient M .P.

Essential fatty acid deficiency had occurred during the
first 100 days of lipid-fr ee parenteral nut rition (Table 3).
Both linoleic (18:2) and ara chidonic (20:4) acid levels wer e
very low and the 20:3w9 acid was markedly raised (15 .7
moles %). Thus, the (20:3w9/20A) ratio was very high (6.5 ;
controls up to 0.14). Following parenteral Intralipid, the
20:3w9 dro pped sharply but linoleic and a rachidonic acid s
concent ra tions re m ained low. The la tt er two rose only af ter
further lipid the rapy with topical sunflower oil and small
volumes of or al formul a. The serum fatty acids were
essentially normal at 225 days after 5 wk of breast milk .

Study Group

The first three patients developed essential fatty acid de
ficienc y du ring the first wee k o f lipid-free parenteral nu tri-

tion: linoleic (18 :2) and arachidonic (20 :4) acids became ab
normally low, eico satrienoic acid (20:3w9) increased mark
edly and the (20:30>9 /20:4) ratio exceeded 0.4 in each case
(Table4).

The deficiency was progressive in patient M .H. since the
(20:3",9/20:4) incr eased steadily during the 19days of lipid
free pa renteral nutrition.

In patient R.O. the deficiency did not de velop during the
week prior to par enteral nutrition therapy.

Daily Intralipid therapy corrected the defi ciency in
patient M .H . H owever, after Intralipid was discontinued,
she again became progressively deficient on oral feed ings.

Twice weekl y lntralipid therapy in patient R.G. re sulted
in partial correc tion of the defi ciency. A lthough the ratio
and arachidonate level became norm al , the Iinoleat e level
remained low, even after oral feed ings.

In patient G .T ., who did not receive lntralipid, the defi
ciency corrected slowly and incompletely during 3 wk of
oral feedings.

None of the typ ical clinical signs of essential fatty acid

Table 4. Serum Fatty Acids Before and Alter lipids During Parenteral Nutrition in Three Infants

0.4 0.1
1.0

0 .7 2.7
4.0

0.4
0.1

0 .8 0.4
1.0
0.02
0.06

0 .2 0.6

0 .5 0.4

0.2
0.9 0.5

0.2
0.1
0.6
0.5

1.4 0.4

Parenteral Serum Fatly Acids
Age Nutr ition 16:0 16:1 t 8:0 18:1 18:2 20:1 20:3 "'9 20 :3 w 6 20 :4Palienl (davs) (days)

1. M.H. 5 35 .1 4.6 11.0 19.8 5.7 1.4 2.3 19.7
12 7 ' 33.0 10.3 11.9 26 .1 3.0 0.1 7.3 1.3 7.0
17 12' 32.0 7.0 15.5 24 .3 3.2 0.4 1 1.3 1.4 4.2
24 19' 30.7 7.8 12.8 25 .7 3.3 0.3 15 .5 0.1 3 .9
27 22 Int ralipid 3 g/kg /day started in parentera l nut rition
34 29 28 .5 17.2 16.1 16.8 4.7 3.4 13.3
48 31 .1 2.9 13.7 18.2 12.4 0.3 2.0 4.2 15 .2
56 30 .7 4.7 13 .3 22 .8 5.8 0.2 5.1 2.9 13.7
69 30 .7 5.0 12.1 23 .5 3.9 0.5 10.9 2 .9 10.4

2. A.G. 1 32 .9 2.7 15 .9 13 .4 9.6 0.2 0 .5 4.3 20 .6
8 35 .3 3.7 12.7 20 .5 9.0 0.4 0.9 2.2 15 .3

13 5' 28 .7 3.8 12 .4 26 .5 3.0 9.0 2.5 13.9
14 6 Intra lipid 3 g/kg twice weekly started in parenteral nutrition
15 7 29 .7 2.8 13 .8 17.4 10.6 0.2 5.4 4.3 15 .3
22 14 29 .9 8.0 13 .5 30.3 3.6 0.7 2.1 2.3 9.6
29 2 1 29 .3 3.5 14.2 21 .0 7.2 0.1 6.3 4.7 12.8
36 33.5 3.7 14.5 19.4 5.9 0,4 3.1 2.3 17 .2

3. G.T. 2 31.4 2.6 13 .4 15.4 11.7 0.3 1.2 4.8 19 .2
9 7' 31 .0 5.0 10.9 28 .6 3.2 7.1 2.6 11.6

20 34.0 2.6 10 .7 23 .7 6.8 6 .1 3.0 13 .1
28 33 .5 2.8 12 .0 25 .6 6.0 0.9 4.4 2.7 10 .7

• lipid-free parenteral nutrition .

20 :5

Hatlo
20 :3 w9

20:4
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Fig. 1. Weight gain and the 20 :3w9/20:4 ratio before, during, and after Intralipid therapy in patient M.H.; decreased weight
gain oacurred when the ratio was greater than 3, which was corrected by giving Intralipid. A ratia greater than 0.4 indicates
essential fatty acid deficiency.·";'

deficiency (skin rash, failure to thrive, thrombocytopenia)
developed in these three patients. However, patient M.H.
demonstrated a slight decrease in weight gain as the defi
ciency progressed. This was corrected by Intralipid (Fig. I).

Essential fatty acid deficiency did not develop in the three
patients who were given lipids (Table 5). Patients S.T. and
R.W. who both received Intralipid, demonstrated an
increase in linoleic acid. There were small, but insignificant,
increases in 20:3w9 and the (20:3w9/20:4) ratio, Although
the linoleic acid (18:2) decreased slightly in patient S,F. who

received topical sunflower oil, the 20:3w9 and (20:3w9/20:4)
ratio did not become abnormal.

DISCUSSION

This study confirms recent reports that
biochemical essential fatty acid deficiency oc
curs during the first week of lipid-free paren
teral nutrition.":"!" It also shows that the defi-

Table 5. Serum Fatty Acids During Parenteral Nutrition With Lipids in Three Infants

Parenteral SerumFatty Acids (molepercent) Ratio

Age Nutrltion 20:3 w 9
16:0 16:1 18:0 18:1 18:2 20:1 20:3 w 9 20:3 w 6 20:4 20:5

Patient (days) (davs) 20:4

1. S.T. 3 35.0 4.4 11.4 19.0 7.2 1.1 20.5 1.4 0
10 7 32.0 2.2 14.0 19.7 16.9 0.2 0.1 3.0 11.9 0
17 14 29.0 2.5 13.1 16.2 17.5 0.1 0.4 4.6 16.6 0.02

2. R.W. 2 29.5 3.4 12.3 14.7 6.1 0.1 1.1 3.4 28.5 0.8 0.04
9 7 28.6 3.0 13.2 22.5 12.1 2.0 1.8 16.2 0.6 0.1

3. S.F. 6 32.6 4.3 14.0 25.5 5.5 1.1 17.0 0
13 7 39.0 6.4 13.7 23.6 4.2 0.7 1.9 1.8 8.8 0.2
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ciency may progress equally rapidly after the
first week (Table 4).

The deficiency did not develop during a week
of starvation prior to parenteral nutrition
therapy (patient R.G., Table 4). This suggests
that lipid-free parenteral nutrition, not starva
tion, causes the acute fatty acid changes. The
deficiency probably develops rapidly because of
the small linoleic acid reserves in infants;
adults, who have a much larger lipid reserve,
develop essential fatty acid deficiency more
slowly on parenteral nutrition. 1\,12 However, it
is not known to what extent these acute changes
are also caused by the inhibiting effect on
lipolysis of the raised insulin level accompanying
parenteral nutrition. Furthermore, it is not
known whether the acute changes in serum also
occur in the tissues.

Obvious clinical signs of essential fatty acid
(rash, failure to thrive, thrombocytopenia) did
not develop in our short-term parenteral nutri
tion patients. However, a slight decrease in
weight gain was seen in one patient when the
(20:3w9 /20:4) ratio exceeded 3 (Fig. 1). This
was corrected by Intralipid. The clinical effects
of early essential fatty acid deficiency are not
known so that the full significance of the acute
biochemical changes in this and other similar
studies cannot be determined.

Intralipid is a rich source oflinoleic acid (50%
of the total fatty acids). The essential fatty acid
deficiency in this study responded best to daily
Intralipid therapy (20% of the total calorie in
take) and less well to twice weekly Intralipid
(5% of the total calorie intake). The response
was slowest with oral formula (Table 4).

Essential fatty acid deficiency was prevented
in two patients receiving prophylactic Intralipid,
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daily and twice weekly (Table 5). The Intralipid
accounted for 35% and 9 % of the total caloric
intake in these patients, respectively. Tashiro et
al.n concluded that infants on parenteral nutri
tion should receive at least 4% of the caloric in
take as Intralipid.

Topical sunflower oil partly corrected the
essential fatty acid deficiency in our long-term
patient (Table 2) and prevented it in another
(Table 5). This agrees with a recent report of
two fatty acid-deficient infants who also
responded to topical sunflower oiL l;j This unique
treatment has also been effective in adults with
essential fatty acid deficiency. 14

The clinical and biochemical features of
essential fatty acid deficiency in our long-term
infant (Table 2) resembled the two cases in the
literature.":" The patient of Paulsrud et al. 2 had
severe symptoms and a (20:3w9/20:4) ratio of
18.3 after 12 wk of fat-free parenteral nutrition.
She received no lipids and the linoleic acid levels
in tissues at autopsy were extremely low.
Caldwell's patient, 3 like ours, developed the de
ficiency despite weekly plasma transfusions and
responded to a 13~day course of Intralipid. We
agree with these authors that weekly plasma
transfusions will not prevent essential fatty acid
deficiency.
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