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Abstract 
 
Parenteral nutrition (PN) is a life-saving intervention but may 
lead to many complications including intestinal failure-
associated liver disease (IFALD). Decreasing the amount of 
intravenous lipid emulsions (ILE) a patient receives is one way 
to address IFALD. However, this may lead to essential fatty 
acid deficiency (EFAD). For patients with both conditions, the 
ideal solution is to increase enteral fatty acid absorption in order 
to decrease the amount of ILE necessary. Unfortunately, some 
patients are not able to tolerate a sufficient quantity of fatty 
acids enterally. We present a case study of a pediatric PN-
dependent patient whose IFALD and EFAD improved after a 
successful decrease in ILE due to the use of the lipid matrix 
Encala (Envara Health, Malvern, PA), demonstrating the im-
portance of considering its use to increase the enteral absorption 
of essential fatty acids. 
 
Introduction 
 
Parenteral nutrition (PN) is a life-saving intervention, but it 
comes with complications including intestinal failure-associ-
ated liver disease (IFALD). IFALD can manifest as steatosis, 
cholestasis, hepatitis, or a combination of these diseases.1 
IFALD does not have a clear pathophysiology. It is thought that 
soybean oil (SO), a component in most intravenous lipid emul-
sions (ILEs), may be a factor. Though the minimization of SO 
may improve IFALD, it can also lead to essential fatty acid 
deficiency (EFAD).2 Linoleic acid (LA) and alpha-linolenic 
acid (ALA) are essential fatty acids (FA) that cannot be synthe-
sized by the human body and must be obtained externally. 
Patients with EFAD can experience poor wound healing, 
growth restriction, and increased susceptibility to infection, so 
it is crucial to provide ILEs to patients who do not receive these 
fats enterally.3 
 
Encala (previously LYM-X-SORBTM, Envara Health, 
Malvern, PA) is a phospholipid- and triglyceride-rich matrix4 
that has been shown to improve fat absorption. It is made from 
metabolites of dietary fats, including lysophosphatidylcholine, 
monoglycerides, and FA.5 We present a case of a PN-dependent 
patient who developed IFALD, who was at high risk for 
developing EFAD. This lipid matrix was successfully used  
 

 
 
enterally, enabling decreasing ILE dose with improvement in 
his IFALD without progression to EFAD. 
 
Case  
 
The patient is a 22-month male with a history of prematurity 
(born at 32 weeks and 6 days), Bohring-Opitz Syndrome, 
bronchopulmonary dysplasia with ventilator dependence, and 
gastrointestinal dysmotility requiring gastrostomy tube and PN 
dependence. 
 
The patient was hospitalized for the first 21 months of life and 
was discharged on PN and a mixed-oil ILE (SMOFlipid, 
Fresenius Kabi, Lake Zurich, IL) due to inability to tolerate 
gastric or jejunal feeds despite trials of multiple enteral formu-
las. On initial presentation to pediatric gastroenterology, he was 
started on 0.5 g/kg of mixed-oil ILE once weekly, averaging 
0.08 g/kg/day. He was placed on this low dose regimen due to 
parental concerns about mixed-oil ILE given a prior elevated 
ALT and triglyceride levels. 
 
At 30 months he had an elevated T:T ratio of 0.132 (normal 
0.004-0.051), a decreased LA concentration of 834 nmol/mL 
(normal 1210-4300 nmol/mL), a decreased ALA concentration 
of 14 nmol/mL (normal 20-200 nmol/mL), and an elevated 
mead acid level of 54 nmol/mL (normal 1-35 nmol/mL), all 
suggestive of trending toward EFAD. At this time, there was 
also concern for IFALD as evidenced by an elevated alanine 
transaminase (ALT) of 255 U/L (normal < 40 U/L), elevated 
aspartate transaminase (AST) of 169 U/L (normal < 41 U/L), 
and elevated gamma-glutamyl transferase (GGT) of 643 U/L 
(normal 7-68 U/L) (Table 1). The mixed-oil ILE was increased 
to twice weekly and topical safflower oil was also initiated. The 
T:T ratio decreased to 0.111 over two months, however, re-
mained elevated and the mixed-oil ILE dose was increased over 
15 months to a maximum of 1.3 g/kg three times weekly at 45 
months age, averaging 0.53 g/kg/day. His enteral feeds 
(Compleat Pediatric Organic Blends Chicken-Garden, 
Vevey, Switzerland; 40% fat content) fluctuated from 0% to 
66% of goal, with an average intake of 20%. The enteral feeds 
often needed to be held due to recurrent infections that led to 
feeding intolerance. 



  
 
The patient initially had improvement in AST and ALT to 66 
U/L and 109 U/L. As the mixed-oil ILE dose was increased, the 
patient’s AST again increased to a peak of 162 U/L, with ALT 
of 245 U/L, and GGT elevated to a peak of 403 U/L. While his 
direct and total bilirubin remained within normal limits, these 
values likely reflected worsening IFALD. Recurrent infections 
may have contributed to these increases. They persisted after 
recovery from these infections. Abdominal ultrasound showed 
normal liver echogenicity and size, suggesting that liver 
steatosis was less likely due to suboptimal mixed-oil ILE 
dosing. 
 
Given the persistently elevated T:T ratio, AST, ALT, and GGT, 
the enteral lipid matrix was started at 52 months age. Two 
servings (18 g per serving) per day was given enterally, totalling 
200 kcals/day and 21 kcals/kg/day. Three months after starting 
the lipid matrix, the T:T ratio normalized to 0.03. It remained 
normal while the mixed-oil ILE dose was decreased over five 
months to 0.9 g/kg twice weekly with only a marginal increase 
in enteral feeds. After the decrease in the mixed-oil ILE dose, 
the AST decreased to 96 U/L, ALT decreased to 109 U/L, and 
GGT decreased to 283 U/L, reflecting improvement in the 
patient’s IFALD. 
 
With the patient’s genetic condition, overall growth is not a 
good indicator of his nutrition status. There are no evidence-
based goals or validated growth charts for this syndrome. His 
nutrition goals include ensuring appropriate adipose tissue 
stores on physical exam, promoting some weight gain, and 
ensuring an adequate intake of proteins and fats. Throughout 
this time, the patient did not have clinical signs of EFAD.  
 
Discussion 
 
EFAD is defined per the Holman Index as a T:T ratio > 
0.2,6,7 though the normal range is reported as 0.004-0.051. This 
ratio may reflect dietary fat, and analysis of the specific types 
of serum FA that are outside of normal range may be a more 
accurate representation of the patient’s FA status. An elevated 
T:T ratio, decreased levels of LA and ALA, and increased levels 
of mead acid, which results from the absence of LA and ALA, 
are more reflective of a patient’s essential FA status.8 These 
abnormalities were all present in this patient. Though the 
patient’s T:T ratio was never greater than 0.2, it was elevated 
out of range in the context of not being at goal fat intake. This 
in conjunction with trying to decrease ILE dose to treat IFALD 
and being unable to tolerate increased enteral feeds, placed the 
patient at high risk of developing EFAD. EFAD can result in 
elevated liver enzymes, which were present in this patient, and 
thus could represent worsening IFALD or developing EFAD.7 

To prevent EFAD, one should receive 2-4% of total calories 
from LA and 0.25-0.5% from ALA.7,8 This patient’s total intake 
from both parenteral and enteral lipid sources (excluding the 
essential FA content supplied from the lipid matrix) of LA and 
ALA never exceeded 0.01% and 0.001% respectively. 
 
Patients who cannot tolerate sufficient enteral nutrition, require 
intravenous essential FA. Common ILE formulations include a 

pure SO formulation, a pure fish oil (FO) formulation, and a 
mixed-oil ILE that consists of 30% SO, 30% medium-chain 
triglyceride oil, 25% olive oil, and 15% FO. When used long-
term, SO-containing ILEs can increase the risk of or exacerbate 
existing IFALD. SO is rich in phytosterols, which can inhibit 
an enzyme that synthesizes bile acids,6,7 and its serum levels 
directly correlate with IFALD severity.9 Additionally, SO has a 
high concentration of pro-inflammatory and hepatoxic 
precursors9 and is low in antioxidants resulting in increased 
oxidative stress. FO is rich in antioxidants and LA and ALA 
metabolites, like arachidonic acid and docosahexaenoic acid.6 
Providing FO as the sole lipid source can be sufficient to 
prevent EFAD in infants who developed cholestasis while on 
PN.10 Pure FO supplementation has been approved by the Food 
and Drug Administration to manage IFALD. It was not 
indicated in our patient as his direct bilirubin level never exceed 
2 mg/dL. Our patient received mixed-oil ILE with decreased 
phytosterols and pro-inflammatory precursors and an increased 
number of antioxidants compared to pure SO ILE.  
 
Besides changing ILE formulation, other approaches to 
managing IFALD include increasing enteral feeding to promote 
enterohepatic circulation of bile acids.11 This patient was unable 
to tolerate any prolonged significant increase of enteral feeds 
due to gastrointestinal dysmotility. Decreased PN infusion time 
can also be beneficial as continuous glucose infusion can result 
in oxidative stress and liver damage.11 This patient’s PN was 
compressed from 17 to 12 hours daily, however the AST, ALT, 
and GGT remained elevated leading to use of lipid matrix.  
 
The lipid matrix is an oral powder, structured lipid nutritional 
supplement synthesized from lysophosphatidylcholine, mono-
glycerides, and FA.5 It was originally introduced in 2021 for 
treating growth failure due to enteral fat malabsorption in 
children with cystic fibrosis and pancreatic insufficiency. Each 
18gm serving provides 100 kcals and 6 g total fat, consisting of 
1 g saturated FA, 3.5 g polyunsaturated FA, and 1.5 g mono-
unsaturated FA, with 3g of LA and 0.5 g of ALA. A randomized 
controlled trial reported patients who received the lipid matrix 
had significantly higher levels of LA compared to placebo.4 The 
ratio of the product’s components results in a macromolecule 
with micelle-like activity that does not require lipase or bile 
acids allowing it to be readily absorbed enterally. A second 
mechanism of action has been proposed: it suggests lyso-
phosphatidylcholine from the lipid matrix is recycled by gut 
epithelial cells and interacts with FA from food co-ingested 
with the lipid matrix, allowing for their improved enteral 
absorption.12 
 
After this patient was started on the lipid matrix, the T:T ratio 
normalized, the LA and ALA concentrations increased, and the 
mead acid concentration decreased, reflecting improvement in 
essential FA status. This persisted while the mixed-oil ILE dose 
was decreased, which led to improvement in the AST and ALT, 
reflecting improvement in his IFALD. Though the patient’s 
direct bilirubin was never greater than 2 mg/dL, his elevated 
liver transaminases and GGT improved with lipid minimi-
zation, suggesting this liver disease was likely IFALD. With 



  
 
this improvement, the patient did not require switching to a FO 
ILE. His overall was able to treat EFAD was treated with an 
enteral product without worsening his IFALD. 
 
The lipid matrix Encala allows for the treatment of EFAD in 
PN-dependent patients who can only tolerate a small amount of 
enteral nutrition without increasing ILE dependence, therefore 

also acting as a management of IFALD. This case demonstrates 
the importance of considering the use of this lipid matrix in 
patients who have both EFAD and IFALD. Further research is 
needed to determine optimal dose and frequency. As more 
patients can be sustained on PN, it is important to be able to 
address both conditions which can be seen in PN-dependent 
patients. 

 
 

 Prior to initial 
mixed-oil ILE 
increase (time = 
0) 

Prior to starting the 
lipid matrix (time 
= +20 months) 

After starting 
the lipid matrix 
(time = +27 
months) 

After decreasing 
mixed-oil ILE while 
on the lipid matrix 
(time = +30 months) 

Normal values 

Fat intake from enteral 
feeds (excluding the lipid 
matrix) (g/kg/day) 

1.59 1.65 1.57 2.09 ~2.5 

Fat intake from mixed-oil 
ILE (g/kg/day) 

0.08 
 
 

0.53 
 
 

0.38 
 
 

0.24 
 
 

~2.3 

% of kcals from LA in 
mixed-oil ILE 

0.001 
 

0.01 0.007 0.004 2-4 

% of kcals from ALA in 
mixed-oil ILE 

0.0001 
 

0.001 
 

0.0007 0.0004 0.25-0.5 

% of kcal goal from fat 
intake  

20%  20%  23% 28% ~30 

Aspartate Transaminase 
(U/L) 

169 162 125 96 < 41 

Alanine Transaminase 
(U/L) 

255 245 142 109 < 40 

GGT (U/L) 643 403 283 Not available 7-68 
T:T Ratio 0.132 0.087 0.034 0.015 0.004-0.051 
LA (nmol/mL) 834 2421 3031 2671 1210-4300 
ALA (nmol/mL) 14 79 125 66 20-200 
Mead Acid (nmol/mL) 54 67 40 16 1-35 

Table 1. Comparison of our patient’s fat intake from enteral feeds and mixed-oil ILEa, percent of kcals from LAb and ALAc, percent of 
kcal goal from fat intake, liver enzyme levels, GGTd level, T:Te ratio, and fatty acid concentrations at specified patient events. 
 

aILE = intravenous lipid emulsion 
bLA = linoleic acid 
cALA = alpha-linolenic acid 
dGGT = gamma-glutamyl transferase 
eT:T = triene to tetraene 
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