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Abstract 

Background Home parenteral nutrition (HPN) can be associated with increased liver enzymes, catheter‑related 
bloodstream infections (CRBSI), and hospitalizations. Mixed oil (MO) versus soybean oil (SO) lipid emulsion reduces 
risks in hospitalized patients, but there are no randomized double‑blinded controlled trials in HPN. Therefore, the 
primary objective was to test the study’s feasibility such as recruitment and retention in the HPN population and 
the secondary objective was to assess changes in liver enzymes between MO and SO as well as other clinical and 
biochemical outcomes.

Methods This 13‑month prospective double‑blind crossover randomized pilot trial took place in Toronto, Canada. 
Participants were HPN patients who were a part of the HPN program at Toronto General Hospital. We recruited 
patients from the HPN program. HPN patients receiving SO were randomized to either MO or SO, and the study dura‑
tion was 6 months in each arm (MO or SO) with a 1‑month washout period resuming SO. As this is a crossover trial 
design, the patient is his/her own control. The main outcome measures were descriptions of study feasibility, namely 
the study recruitment and retention. We also collected biochemical parameters, CRSBI, hospitalization rate, antibiotic 
use, and mortality. Demographic, nutritional, clinical, and laboratory data were collected at baseline, 3 and 6 months 
of each arm. The primary analysis population was defined as the per‑protocol population who completed the trial 
including all lipid measurements.

Results A total of 65 HPN patients were assessed, and 60 met the inclusion criteria for the study. Thirty‑five percent 
(21/60) were randomized using a computer‑generated random number sequence generator: 10 participants were 
randomized to receive SO first while 11 were randomized to receive MO first. At 13 months, 3/10 who received SO first 
completed the study, whereas 9/11 who received MO first completed the study. This did not meet our a priori criteria 
for success in recruitment and retention. Between types of lipid emulsions, there were no significant differences in 
changes in liver enzymes or biochemical and clinical outcomes, despite significant changes in plasma free fatty acid 
composition reflecting MO or SO.

Conclusions Overall, this pilot trial demonstrated that the use of a prospective double‑blind, crossover, randomized 
trial design was not feasible to conduct in the HPN population because of difficulties in recruiting and retaining 
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patients. In addition, there was no significant impact of MO versus SO lipid emulsion on liver enzymes or most 
parameters. The lack of significance may be attributed to low sample size from low recruitment and high drop‑out 
rate, short study duration (6 months/arm), and complex care. In a future definitive trial, a multicenter study of longer 
duration and a larger sample size is recommended, and drop‑outs may be reduced by using a parallel study design.

Trial registration ClinicalTrials.gov, NCT02796833. Registered on 13 June 2016—retrospectively registered.

Keywords Home parenteral nutrition, Mixed oil lipid emulsion, Soybean oil lipid emulsion, Liver function

Key messages regarding feasibility

• What uncertainties existed regarding the feasibility?

a Participant recruitment, enrollment, and partici-
pation—could we reach the desired sample size?

b Adverse events and drop-out rate with a cross-
over study design in this patient population.

c Study duration—would 6 months be enough time 
to detect significant differences in primary out-
comes between the two lipids?

• What are the key feasibility findings?

a The sample size was not feasible given the limited 
number of willing participants as well as the high 
drop-out rate.

b The inclusion of only one center did not allow for 
enough people to be recruited and enrolled in 
this study.

c The crossover study design was not ideal in this 
patient population as many people did not com-
plete the study and thus impacted the significance 
of the findings

• What are the implications of the feasibility findings 
for the design of the main study?

a A multicenter study of longer duration and 
larger sample size is recommended. A parallel 
design may be preferable.

Introduction
Home parenteral nutrition (HPN) is provided to patients 
with chronic intestinal failure (IF) from various causes 
who are not able to sufficiently absorb fluids and nutri-
ents to meet nutritional requirements and ensure 
survival [1]. Parenteral nutrition (PN) includes macro-
nutrients in the form of dextrose, amino acids, and lipid 
emulsions containing triglycerides and phospholipids, 
in addition to electrolytes, trace elements, vitamins, and 
water [1]. Intravenous lipid emulsion is the major source 
of energy and essential fatty acids and can be based on 
various oils [1]. Among them, soybean oil (SO) was the 

first commercially available lipid emulsion; however, over 
the years, studies have shown that its long-term use may 
have a negative impact on the inflammatory and immune 
responses due to the high (ω-6) polyunsaturated fatty 
acid (PUFA) content [2–6]. More recently, new lipid 
emulsions have reduced (ω-6) PUFA content to allevi-
ate these potentially detrimental effects [7]. One of these 
newer commercial products used a mixture of oils that 
contain fish oil-derived long-chain (ω-3) PUFAs that have 
been shown to reduce inflammation, improve microcir-
culation, and reduce PN-associated liver disease [2, 4, 6, 
8–10]. Two decades ago, a mixed oil (MO) lipid emulsion 
containing 30% soil oil, 30% medium-chain triglycerides, 
25% olive oil, and 15% fish oil was introduced. This MO 
lipid emulsion was found to be safe and well tolerated in 
both adult and pediatric populations [2, 5, 6, 8, 10–18]. 
It was also associated with a shorter length of hospital 
stay [16], reduction in rates of nosocomial infection [19, 
20], and improvement of liver enzyme profile and PN-
related liver disease [8, 17, 21]. Although there is a lack 
of data from larger long-term randomized controlled tri-
als within the HPN population, published clinical data 
does highlight some benefits of using MO in patients 
with type I and II IF [11–13, 15–20, 22], with only a few 
studies concentrating exclusively on the chronic type III 
intestinal failure patients receiving HPN [14, 23]. Type I 
is defined as an acute, short-term, and usually self-limit-
ing condition, and type II is characterized by prolonged 
acute condition, often in metabolically unstable patients, 
requiring complex multidisciplinary care and intrave-
nous supplementation over periods of weeks or months 
[24]. Few studies have focused exclusively on chronic 
type III IF in patients receiving HPN [14, 23] where type 
III IF is defined as a chronic condition, in metabolically 
stable patients, requiring intravenous supplementa-
tion over months or years [24]. These studies evaluated 
the impact of MO when used from 2 months [23] up to 
5  years [25]. One was a cohort study of 17 patients fol-
lowed for at least 12 months; results found that MO was 
well tolerated in those with SO lipid intolerance and MO 
allowed for improvement of the macronutrient compo-
sition in the PN with a decrease in dextrose energy and 
increase in lipid energy [14]. It also showed improvement 
in alanine transaminase (ALT), aspartate transaminase 
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(AST), and total bilirubin levels [14]. Another study 
with a prospective design compared two parallel groups, 
MO (n = 13) and olive oil (OO) based (n = 19) PN over 
a 60-day period [23]. The results showed that both MO 
and OO-based lipid emulsions significantly altered the 
fatty acid profile and that MO did not alter liver func-
tion markers of inflammation; however, OO significantly 
decreased gamma-glutamyl transpeptidase (GGT) and 
interleukin-8 [23]. Finally, an open-label study reported 
on 65 subjects randomized to receive one of three lipid 
emulsions (MO vs SO vs OO) over a 5-year period [25]. 
No difference in liver enzymes or bilirubin was found, 
and the rate of catheter infection between types of lipid 
emulsion was not significantly different. No other clinical 
outcomes were assessed [25].

Due to a lack of data on the HPN patient popula-
tion, we recently performed a 2-year prospective cohort 
study with 120 subjects (MO:68; SO:52) comparing MO 
to SO lipid emulsion using the Canadian HPN Registry 
[26]. Both groups were similar at baseline except for, 
in MO, a higher use of the Hickman line (62.12 vs 42%, 
p = 0.038) and more western Canada-based hospital care 
(75 vs 42.31%, p < 0.0002) [26]. We found that the MO 
group had significantly more hospitalizations (p < 0.001), 
more hospitalizations related to HPN (p < 0.012), and 
more hospitalization days related to HPN (p < 0.016) per 
patient per year compared to SO patients [26]. There was 
no significant difference between groups for line sep-
sis per 1000 catheter days (MO 0.05 (0.0, 1.0) vs SO 0.0 
(0.0, 0.22), p = 0.053) or mortality [26]. Overall, all other 
variables, including biochemical, were similar between 
groups with no significant differences in changes [26]. In 
a multiple regression analysis, the following factors were 
significantly associated with a greater number of hospi-
talizations per patient per year: use of MO, high blood 
glucose from the last recorded value, and having died 
by the end of the study period [26]. Therefore, from this 
study, results suggest an increased risk of hospitaliza-
tion in HPN patients receiving MO lipid emulsion versus 
SO. These findings conflict with previous reports show-
ing clinical advantages associated with the use of MO 
in studies of shorter duration with smaller sample sizes. 
To further assess the long-term effect of using MO lipid 
emulsion in HPN patients, a large randomized controlled 
trial should be performed. In preparation for this and in 
parallel to the cohort study, we conducted the present 
pilot double-blind randomized controlled trial to deter-
mine the sample size and feasibility of such a trial using 
the crossover design. The cross-over design was used 
primarily because of the small and complex HPN patient 
population which makes recruitment challenging. In 
addition, there is a large heterogeneity between patients 
due to the various causes of IF and gastrointestinal 

anatomy that are associated with a wide spectrum of 
oral intake and absorptive capacity leading to various 
HPN regimens. In this study, the primary objective was 
to examine the feasibility of recruitment and retention 
of patients on HPN. Secondarily, the objectives of this 
study were to compare MO to SO lipid emulsion with the 
outcome being liver enzymes. Other outcomes of inter-
est were also monitored and included other laboratory 
parameters, number of hospitalizations, number of cath-
eter-related bloodstream infection (CRBSI), antibiotic 
use, and mortality.

Materials and methods
Design
This was a prospective, single-center, double-blind, two-
armed, crossover randomized clinical trial of a 13-month 
duration aimed to demonstrate that long-term use of 
MO lipids is better for liver function compared to SO 
lipids in HPN patients. This study was approved by 
the University Health Network Research Ethics Board 
(REB#14–8537) and was listed on ClinicalTrials.gov 
(NCT02796833). Adults who were on a stable regimen 
of SO and HPN for at least 6  months were expected to 
require long-term HPN for at least 13 months and were 
clinically stable for at least 4 weeks with no acute medi-
cal comorbidities were included in this study. Exclusion 
criteria included subjects who were not already on SO 
HPN, those requiring short-term (less than 13  months) 
PN supplementation, those with the inability to provide 
informed consent, those with alcohol or drug abuse, 
those who were pregnant or lactating, and those in a clin-
ically unstable condition.

Sample size
Because this was a pilot study to assess feasibility and 
sample size for a future randomized controlled trial, no 
sample size was calculated, and all patients in our HPN 
programs that could travel for study visits and who met 
the study criteria were enrolled. Our HPN program 
includes 60–65 HPN patients and covers the province of 
Ontario, Canada. The number of patients in the present 
pilot study was similar to that in the few previous studies 
that used different designs for comparing MO to SO, in 
which 17–73 subjects were assessed [11, 14, 23, 25].

Randomization and blinding
Randomization was performed using www. rando mizer. 
org, a computer-generated random number sequence 
generator, and the allocation was concealed using a 
sequentially numbered table kept by the pharmacy. The 
lipid emulsion assignment was not known (i.e., blinded) 
to the nutrition support team and patients, except for a 
designated PN pharmacist who was not participating in 

http://www.randomizer.org
http://www.randomizer.org
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the study. The biostatisticians were blinded to the study 
as well.

Recruitment and intervention sequence
Subjects were recruited by a registered nurse from the 
HPN clinic at the University Health Network, Toronto, 
Ontario. During a routine clinical checkup, patients 
were recruited for the study and provided a consent 
form. After providing informed consent, patients were 
enrolled and randomized into two groups scheduled to 
participate in the two arms of the study, lasting 6 months 
each, separated by a 1-month washout period during 
which both groups received SO. SO was chosen as the 
washout lipid as it is the primary lipid used in this HPN 
program. During the study, each patient participated in 
follow-up appointments at the start, middle, and end 
of each study arm for a total of six visits. Randomiza-
tion was performed during the patient’s first visit. Visits 
at the start and end of each study arm included routine 
and study-specific bloodwork as well as study measure-
ments (visits 1, 3, 4, and 6). At the end of each arm, the 
patient submitted a three-day food record. The blood for 
routine bloodwork was drawn from each patient during 
the middle of each study arm (visits 2 and 5). Patients 

were seen in person/telehealth at visits 1, 3, 4, and 6 and 
patients received a phone call prior to each visit (Fig. 1). 
As this is a crossover trial design, the patient is his/her 
own control.

Variables and their measures
Primary feasibility outcomes
The primary feasibility outcomes were recruitment and 
retention rate. The recruitment rate was calculated as the 
percentage of HPN patients who consented to be in the 
study among those who were approached. The retention 
rate was defined as the percentage of HPN patients who 
remained until the end of the study among those who 
were enrolled at baseline.

Secondary patient‑centered outcomes
Based on previous studies [8, 17], the primary out-
come was to evaluate the changes in mean ALT values 
when using MO compared to SO. Secondary outcomes 
included additional biochemical tests such as liver func-
tion tests (AST, ALP, GGT, total bilirubin, conjugated 
bilirubin, and albumin), coagulation markers (aPTT, INR, 
and CRP), and general biochemistry (hemoglobin, WBC 
count, platelets count, sodium, potassium, bicarbonate, 

Fig. 1 Trial protocol
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chlorine, phosphate, calcium, and magnesium), evaluated 
for both lipids. Lipid profile, total cholesterol, triglyceride 
levels, and fatty acid levels (linoleic acid, alpha-linolenic 
acid, eicosapentaenoic acid [EPA], docosahexaenoic acid 
[DHA], ω-6 to ω-3 ratio, and arachidonic acid) were also 
evaluated. Monitored clinical outcomes included new 
catheter-related bloodstream infection (CRBSI), new 
infections including CRBSI, change of vascular access, 
use of antibiotics, duration of antibiotic therapy (days), 
number of unexpected hospitalizations, surgery, death, 
adverse events, and serious adverse events including seri-
ous adverse events probably related to the intervention. 
Study dropouts were tracked for both MO and SO treat-
ment groups.

Laboratory measurements
Blood samples for study purposes were collected at vis-
its 1, 3, 4, and 6 and analyzed by routine methods at the 
accredited hospital laboratory (Laboratory Medicine 
Program, University Health Network). This included 
albumin (g/L), total bilirubin (μmol/L), conjugated bili-
rubin (μmol/L), liver enzymes (alkaline phosphatase 
[ALP], alanine transaminase [ALT], aspartate ami-
notransferase [AST], and gamma-glutamyl transferase 
[GGT]; [U/L]), total cholesterol (mmol/L), triglycerides 
(mmol/L), activated partial thromboplastin time (aPTT) 
(s), international normalized ratio (INR), C-reactive pro-
tein (CRP) (mg/L), hemoglobin (g/L), white blood cells 
(WBC) (×  109/L), platelets (×  109/L), sodium (mmol/L), 
potassium (mmol/L), bicarbonate (mmol/L), phosphate 
(mmol/L), calcium (mmol/L), and magnesium (mmol/L). 
For plasma PUFA measurements, blood samples were 
collected in EDTA-containing tubes and immediately 
centrifuged. The plasma was collected and subsequently 
frozen at − 80 °C as previously described [27, 28]. Lipids 
were extracted from plasma using the Folch method [27].

Statistical analysis
Due to the considerable number of discontinuations, 
the primary analysis population was defined as the per-
protocol population who completed the trial including 
all lipid measurements taken at the beginning and end 
of both trial periods. Demographic data and baseline 
characteristics were displayed separately by sequence 
group, e.g., SO first followed by MO, and vice versa. 
Continuous variables were summarized using means 
and standard deviations (SDs), and categorical variables 
were expressed as counts and percentages, with the dif-
ference in the means (95% CI) and difference in the pro-
portions (95% CI) between sequence groups estimated 
using the t-distribution and Chan and Zhang’s exact test, 
respectively.

The difference (95% CI) of the changes in the mean 
ALT level, and other continuous clinical outcomes were 
estimated between SO and MO treatment groups using 
analysis of covariance (ANCOVA) models for repeated 
measures with treatment period, type, and sequence as 
fixed effects and subject as a random effect. The risk 
difference for binary clinical outcomes and safety data 
were estimated using generalized linear model regres-
sion with binomial distribution and logit link.

The heterogeneity of the treatment effect across the 
values of each lipid enzyme was explored with respect 
to ω-6, ω-3, EPA, and DHA using ANCOVA models 
for repeated measures. The models incorporated fixed 
effects of treatment, lipid enzyme, and treatment by 
lipid enzyme interaction, and a random effect of the 
subject. Due to the small sample size, we did not pre-
sent p values for comparisons. Given the small sample 
size, the results obtained should be considered pre-
liminary and interpreted with caution. All statistical 
analyses were performed using SAS version 9.4 (SAS 
Institute Inc., Cary, NC, USA).

Results
Patient population and primary feasibility outcomes
Sixty patients were assessed for eligibility, and a total 
of 21 patients were enrolled and randomized into two 
groups. The recruitment rate was 35%. The retention 
rate was 66.7% (14/21) at 7  months and 57% (12/21) 
at 13 months. Ten patients were randomized to group 
1 (received SO first), and eleven were randomized to 
group 2 (received MO first). At baseline, these rand-
omized groups were similar (Supplementary Table  1). 
Three patients who were randomized did not start 
the study, and 6 patients withdrew during the study. 
The reasons for withdrawal included self-withdrawal 
(n = 2), non-study-related death (n = 2), transition to 
oral diet (n = 1), and infection (n = 1). There was a sig-
nificant difference in dropout between group 1 (n = 6) 
and group 2 (n = 3) (P = 0.03). Twelve subjects com-
pleted the study, 3 from group 1, and 9 from group 2 
(see Fig. 2).

Secondary patient‑centered outcomes
Per protocol baseline characteristics
Baseline characteristics of the per-protocol popula-
tion were similar between the two groups for all vari-
ables except for the type of vascular access, with more 
patients using peripherally inserted central catheters 
in group 2 and more using Hickman lines and port-o-
caths in group 1 (Table 1).
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Potential treatment effect of the use of mo on biochemical 
parameters
After 6  months, the use of MO did not significantly 
impact any liver enzymes but resulted in a significant 
increase in the hemoglobin levels (p value 0.013) and 
WBC (p value 0.005) count compared to the use of SO. 
Additionally, the use of MO did not have an impact on 
coagulation markers, CRP, or the rest of the general bio-
chemistry (Table 2).

Furthermore, using MO for 6  months did not affect 
the levels of total cholesterol and triglycerides when 
compared to SO; however, as expected, due to its com-
position, it led to a significant decrease in the levels of 
the alpha-linolenic acid ω-3 (p value 0.034) and a sig-
nificant increase in the EPA (p value < 0.001) and DHA 
levels (p value 0.027) when compared to SO. There was 
also a trend towards decreased values of linoleic acid ω-6 
with the use of MO, but the mean change for the SO and 

MO groups was not significantly different. The differ-
ence in the ω-6 to ω-3 ratio between the two treatment 
groups was not significant (Table 3). When adjusting for 
the order in which the lipids were administered to each 
group (the sequence), the time of administration of each 
lipid (the period), the type of lipid received (the treat-
ment), and the change of the different liver enzymes from 
baseline (ALT, AST, ALP, and GGT), we could detect the 
impact of group sequence on the ω-6 to ω-3 ratio vs. ALP 
and ω-6 to ω-3 ratio vs. conjugated bilirubin (Supplemen-
tary Material Table 2).

Next, we investigated the correlation between the 
change in ω-6 to ω-3 ratio and the changes in the levels 
of ALT, AST, ALP, GGT, CRP, hemoglobin, and WBC 
counts between MO and SO (data not shown). Our 
analysis demonstrated a statistically significant strong 
negative correlation between the changes in the ω-6 
to ω-3 ratio and the changes in the hemoglobin values 

Fig. 2 Study process flow chart
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Table 1 Baseline characteristics in the 6 months prior to enrolment of the per‑protocol population of 12 patients who completed the 
study

Group 1 Group 2 Group 1—Group 2

N with  datac Mean (SD) N with  datac Mean (SD) Differencea (95% CI)b

Total, N 3 9

Age (years) 3 51.33 (21.96) 9 54.89 (7.10)  − 3.56 (− 55.69–48.58)

Female, N (%) 3 1 (33.3) 9 2 (22.2) 0.11 (− 0.42–0.72)

In 6 months prior to enrolment

 Surgery, N (%) 3 0 (0.0) 9 1 (11.1)  − 0.11 (− 0.48–0.56)

 Unexpected hospitalization for infection, N (%) 3 0 (0.0) 9 3 (33.3)  − 0.33 (− 0.71–0.37)

 New line infection, N (%) 3 0 (0.0) 9 3 (33.3)  − 0.33 (− 0.71–0.37)

 New CRBSI, N (%) 3 0 (0.0) 9 1 (11.1)  − 0.11 (− 0.48–0.56)

 New antibiotics prescribed for CRBSI, N (%) 3 0 (0.0) 9 1 (11.1)  − 0.11 (− 0.48–0.56)

 Duration of antibiotic treatment (days) 3 0.00 (0.00) 9 2.11 (6.33)  − 2.11 (− 6.98–2.76)

Indication for HPN, N (%)

 Short bowel syndrome 3 2 (66.7) 9 5 (55.6) 0.11 (− 0.56–0.64)

 GI dysmotility 3 0 (0.0) 9 0 (0.0) N/A

 GI obstruction 3 0 (0.0) 9 1 (11.1)  − 0.11 (− 0.48–0.56)

 Chyle leak 3 0 (0.0) 9 1 (11.1)  − 0.11 (− 0.48–0.56)

 Intolerance to enteral feeding 3 0 (0.0) 9 0 (0.0) N/A

 Other 3 1 (33.3) 9 2 (22.2) 0.11 (− 0.42–0.72)

Vascular access, N (%)

 Type of vascular access

  PICC 3 0 (0.0) 9 7 (77.8)  − 0.78 (− 0.97– − 0.03)

  Hickman 3 2 (66.7) 9 2 (22.2) 0.44 (− 0.23–0.88)

  Port‑o‑cath 3 1 (33.3) 9 0 (0.0) 0.33 (− 0.16–0.91)

 Location of vascular access, N (%)

  Right 3 2 (66.7) 9 3 (33.3) 0.33 (− 0.35–0.81)

  Left 3 1 (33.3) 9 6 (66.7)  − 0.33 (− 0.81–0.35)

Number of lumens, N (%)

 1 3 2 (66.7) 9 2 (22.2) 0.44 (− 0.23–0.88)

 2 3 1 (33.3) 9 6 (66.7)  − 0.33 (− 0.81–0.35)

Nutritional status

 Weight (kg) 3 56.80 (8.93) 9 59.98 (15.75)  − 3.18 (− 20.82–14.47)

 Body mass index (kg/m2) 3 21.90 (2.34) 9 22.90 (3.64)  − 1.00 (− 5.52–3.52)

 Mid‑arm circumference (cm) 3 27.07 (2.00) 7 26.99 (2.83) 0.08 (− 3.85–4.02)

Subjective global assessment, N (%)

 A 3 2 (66.7) 9 6 (66.7) 0.00 (− 0.65–0.53)

 B 3 1 (33.3) 9 1 (11.1) 0.22 (− 0.30–0.80)

 C 3 0 (0.0) 9 0 (0.0) N/A

Parenteral nutrition

 Total energy (kcal/day) 3 1446.53 (364.38) 9 1244.30 (419.59) 202.23 (− 501.62–906.09)

 Total energy (kcal/kg/day) 3 26.10 (8.74) 9 21.43 (7.38) 4.67 (− 13.13–22.47)

 Amino acids (g/kg/day) 3 0.95 (0.10) 9 0.91 (0.26) 0.04 (− 0.20–0.28)

 Lipids (g/kg/day) 3 0.75 (0.32) 9 0.60 (0.22) 0.15 (− 0.53–0.82)

 Frequency of HPN (days/week) 3 5.33 (1.53) 9 5.33 (1.12) 0.00 (− 3.21–3.21)

 Frequency of hydration (days/week) 3 2.33 (4.04) 9 0.89 (1.17) 1.44 (− 8.23–11.12)

Liver function test

 ALT (U/L) 3 40.00 (39.13) 9 23.33 (11.38) 16.67 (− 76.97–110.31)

 AST (U/L) 3 23.00 (12.12) 9 29.11 (9.71)  − 6.11 (− 31.07–18.85)

 ALP (U/L) 3 122.67 (14.64) 8 158.88 (104.50)  − 36.21 (− 124.25–51.84)
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(p = 0.049, rho =  − 0.66) when using SO but not when 
using MO. No other correlation was demonstrated for 
the ω-6 to ω-3 ratio.

Interaction between treatment (SO/MO)
We compared the treatment effect of using MO and SO 
on correlations of changes in lipid profile values (ω-6 to 
ω-3 ratio, ω-6 and ω-3 levels) and changes in ALT, AST, 
ALP, GGT, CRP, hemoglobin levels, and WBC count. 
Our analysis demonstrated heterogeneity of the treat-
ment effect when looking at the correlation of changes in 
ω-3 levels and changes in GGT values with a larger nega-
tive correlation in SO than MO (P = 0.028). There was no 

statistically significant heterogeneous treatment effect for 
all the other correlations evaluated between MO and SO 
(see Supplementary Material Figs. 1–5).

Clinical outcomes and complications
In this pilot study overall, clinical outcomes and compli-
cations were comparable between SO and MO, except for 
a trend towards a longer duration of antibiotic therapy 
with SO use. A similar number of patients had adverse 
events, unexpected hospitalizations, use of antibiotics, 
new infections, and changes in vascular access between 
the two lipids. No new CRBSI was reported for either 
lipid (Table 4).

Table 1 (continued)

Group 1 Group 2 Group 1—Group 2

N with  datac Mean (SD) N with  datac Mean (SD) Differencea (95% CI)b

 GGT (U/L) 3 29.33 (7.09) 9 49.11 (44.13)  − 19.78 (− 54.28–14.72)

 Total bilirubin (umol/L) 3 9.67 (6.43) 9 8.78 (3.60) 0.89 (− 13.33–15.11)

 Conjugated bilirubin (umol/L) 3 5.33 (4.04) 8 4.75 (1.98) 0.58 (− 8.47–9.64)

 Albumin (g/L) 3 38.00 (3.61) 9 37.00 (3.67) 1.00 (− 6.08–8.08)

Lipid profile

 Total cholesterol (mmol/L) 3 2.47 (0.99) 9 3.03 (0.54)  − 0.56 (− 2.75–1.63)

 Triglycerides (mmol/L) 3 0.93 (0.42) 9 1.06 (0.43)  − 0.13 (− 0.96–0.70)

 Linoleic acid w‑6 3 339.07 (159.55) 7 365.28 (90.39)  − 26.21 (− 370.48–318.06)

 Alpha linolenic acid w‑3 3 9.72 (6.39) 7 9.02 (2.67) 0.70 (− 13.82–15.22)

 Eicosapentaenoic acid EPA w‑3 3 20.77 (10.27) 7 18.60 (6.90) 2.17 (− 19.24–23.58)

 Docosahexaenoic acid DHA w‑3 3 80.24 (22.51) 7 85.81 (24.10)  − 5.57 (− 49.15–38.01)

 Ratio w‑6:w‑3 3 37.57 (6.33) 6 40.43 (3.88)  − 2.87 (− 16.13–10.39)

 Arachidonic acid 3 378.49 (134.16) 7 346.13 (87.03) 32.35 (− 249.36–314.06)

Coagulation markers

 APTT (s) 2 25.65 (0.07) 9 29.52 (3.95)  − 3.87 (− 6.91– − 0.83)

 INR 3 1.10 (0.14) 8 1.36 (0.79)  − 0.26 (− 0.93–0.41)

Inflammation marker

 CRP (mg/L) 2 13.50 (12.02) 6 12.83 (23.60) 0.67 (− 35.27–36.62)

General biochemistry

 Hemoglobin (g/L) 3 124.00 (17.06) 9 111.89 (14.53) 12.11 (− 22.56–46.78)

 White blood cells (× 109/L) 3 7.57 (2.99) 9 5.64 (2.32) 1.92 (− 4.27–8.12)

 Platelets (× 109/L) 3 190.67 (72.02) 9 228.67 (93.73)  − 38.00 (− 175.93–99.93)

 Sodium (mmol/L) 3 138.33 (1.15) 9 139.22 (2.77)  − 0.89 (− 3.47–1.70)

 Potassium (mmol/L) 3 3.73 (0.55) 9 4.18 (0.48)  − 0.44 (− 1.56–0.67)

 Bicarbonate (mmol/L) 3 25.33 (2.52) 9 23.22 (2.17) 2.11 (− 2.99–7.21)

 Phosphate (mmol/L) 3 1.03 (0.19) 9 1.18 (0.21)  − 0.15 (− 0.52–0.22)

 Calcium (mmol/L) 3 2.21 (0.09) 9 2.31 (0.07)  − 0.10 (− 0.28–0.09)

 Magnesium (mmol/L) 3 0.76 (0.03) 9 0.83 (0.09)  − 0.08 (− 0.15–0.00)

Abbreviations: CRBSI Catheter‑related bloodstream infection, GI Gastrointestinal, PICC Peripherally inserted central catheter, HPN Home parenteral nutrition, ALT 
Alanine aminotransferase, AST Aspartate aminotransferase, ALP Alkaline phosphatase, GGT  Gamma‑glutamyl transferase, aPTT (sec) Activated partial thromboplastin 
time, INR International normalized ratio, CRP C‑reactive protein
a Difference in means for continuous variables and difference in proportions for categorical variables
b CIs were calculated using t‑distribution for continuous variables and the exact method for categorical variables
c Number of participants in 6 months prior to enrollment in the per‑protocol population
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Table 2 Potential treatment effect of the use of MO lipid on liver function tests, electrolytes, coagulation, and inflammation markers in 
the per‑protocol population

Abbreviations: SO Soybean oil, MO Mixed oil, ALT Alanine aminotransferase, AST Aspartate aminotransferase, ALP Alkaline phosphatase, GGT  Gamma‑glutamyl 
transferase, aPTT (s) Activated partial thromboplastin time, INR International normalized ratio, CRP C‑reactive protein

na number of participants with all four measurements at baseline and after 6 months
b Baseline is defined as the time at study start for the first arm and month 7 for the second arm

Outcomes Least squares mean change from 
baselineb

Difference in mean change (SO–MO)

na SO MO Least squares mean (95% CI)

Liver function test
 ALT (U/L) 12 2.56 5.22 ‑2.67 (‑15.89–10.56)

 AST (U/L) 12 4.56 1.22 3.33 (‑4.02–10.69)

 ALP (U/L) 11 ‑0.33 ‑3.77 3.44 (‑38.38–45.26)

 GGT (U/L) 10 5.69 1.98 3.71 (− 3.54–10.97)

 Total bilirubin (μmol/L) 12 1.06 0.44 0.61 (− 2.55–3.78)

 Conjugated bilirubin (μmol/L) 9  − 0.33  − 0.50 0.17 (− 0.73 –1.06)

 Albumin (g/L) 12  − 0.11 0.89  − 1.00 (− 2.83–0.83)

Coagulation markers
 APTT (s) 9  − 0.65  − 1.85 1.20 (− 2.62–5.02)

 INR 9  − 0.10  − 0.15 0.05 (− 0.25–0.35)

Inflammation marker
 CRP (mg/L) 8  − 13.50  − 1.58  − 11.92 (− 49.06–25.22)

General Biochemistry
 Hemoglobin (g/L) 12  − 2.00 8.39  − 10.39 (− 18.08– − 2.69)

 White blood cells  (X109/L) 12  − 1.77 1.16  − 2.93 (− 4.74– − 1.11)

 Platelets  (X109/L) 12  − 1.89 10.11  − 12.00 (− 38.88–14.88)

 Sodium (mmol/L) 12  − 0.61  − 1.50 .89 (− 2.05–3.83)

 Potassium (mmol/L) 12 0.18  − 0.06 0.23 (− 0.07–0.54)

 Bicarbonate (mmol/L) 12 0.89  − 0.17 1.06 (− 3.52–5.63)

 Chlorine (mmol/L) 12 0.22  − 1.28 1.50 (− 1.64–4.64)

 Phosphate (mmol/L) 12 0.06 0.07  − 0.00 (− 0.20–0.20)

 Calcium (mmol/L) 12  − 0.02 0.02  − 0.04 (− 0.14–0.06)

 Magnesium (mmol/L) 12  − 0.00  − 0.04 0.03 (− 0.03–0.10)

Table 3 Potential treatment effect of MO lipid to SO lipid use on the lipid profile and fatty acid levels in the per‑protocol population

Abbreviations: SO Soybean oil, MO Mixed oil
a Number of participants with all four measurements at baseline and months 6, 7, and 13
b Baseline is defined as the time at study start for the first arm and month 7 for the second arm

Outcomes Least squares mean change from 
baselineb

Difference in mean change (SO‑MO)

na SO MO Least squares mean (95% CI)

Lipid profile
 Total cholesterol (mmol/L) 9 0.10 0.10 0.00 (− 0.65–0.66)

 Triglycerides (mmol/L) 11 0.20 0.36  − 0.16 (− 0.56–0.24)

Fatty acid profile
 Linoleic acid ω‑6 9 49.46  − 123.00 172.16 (− 5.62–349.94)

 Alpha linolenic acid (ω‑3) 9 1.81  − 2.91 4.72 (0.47–8.97)

 Eicosapentaenoic acid (EPA ω‑3) 9  − 9.89 50.16  − 60.05 (− 74.72– − 45.39)

 Docosahexaenoic acid (DHA ω‑3) 9  − 12.1 73.80  − 85.92 (− 158.99– − 12.85)

 Ratio ω‑6–ω‑3 8  − 2.38  − 0.79  − 1.59 (− 11.37–8.20)

 Arachidonich acid 9 39.38  − 98.60 138.01 (− 64.47–340.49)
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Sensitivity analysis
We also performed a sensitivity analysis with the inten-
tion to treat population (Supplementary Table  3) and 
the results confirmed our findings of the primary effi-
cacy, i.e., the results are the same using per-protocol 
analysis and intention to treat analysis in terms of 
significance.

Discussion
Overall, this pilot trial demonstrated that the use of a 
prospective double-blind, crossover, and randomized 
trial design was not feasible to conduct in the HPN 
population due to difficulties in recruiting and retain-
ing patients. Additionally, this study found that in HPN 
patients, MO use as lipid emulsion versus SO did not 
significantly impact liver enzymes or overall biochemi-
cal parameters or clinical outcomes despite changes in 
plasma fatty acid composition that reflected the differ-
ent types of lipid emulsions. The only significant change 
detected was an increase in hemoglobin and white blood 
cells with MO. One possible explanation is that changes 
in the blood cell membrane fatty acid composition may 
affect blood cell adhesion, aggregation, red blood cell 
deformation, and cell membrane elasticity [29–31], con-
tributing to the improvement in WBC and hemoglobin 
levels in the MO group versus the SO group.

This study presented several challenges in this com-
plex HPN population that will need to be taken into 
account for a future randomized trial.

Recruitment and dropouts
Recruitment and retention for this study were challeng-
ing. This is a small, specialized patient population. Our 
program is one of the largest in Canada with a total of 65 
HPN patients dispersed in the province of Ontario where 
long travel distance for clinic or study visits is an issue 
considering that at least half of our HPN patients live 
more than 2 h of driving distance from our hospital and 
are followed by telehealth. Therefore, these patients could 
not be approached for the study as they could not be 
assessed face-to-face and provided blood for specialized 
laboratory tests like plasma-free fatty acid composition. 
This is a situation that is similar to other HPN programs 
across Canada. In addition, many patients have complex 
medical issues that make them less enthusiastic to par-
ticipate or have reduced mobility that make it challeng-
ing to come for frequent study visits. Therefore, this was 
a factor that affected recruitment in this crossover study 
considering the necessity of having several visits (3 per 
arm; total 6 visits) for bloodwork. In order to get a larger 
number of patients, a future trial will need to include sev-
eral centers, and considering similar patient population 
and distances, a parallel design may be less complicated 
versus a crossover, as it would reduce study duration and 
the number of study visits.

There were also several dropouts, some due to com-
plications and deaths, with higher dropouts in the first 
period of Group 1 which corresponded to the first arm 
using SO. Considering that all patients were already on 
SO before starting the study, and that this arm was just 

Table 4 Clinical outcomes and complications in the 6‑month period on each lipid solution in per‑protocol population

N/A since no statistics were computed if no clinical outcomes or complications occurred for both treatments

Abbreviations: SO Soybean oil, MO Mixed oil, CRBSI Catheter‑related bloodstream infection
a Risk difference for all the binary outcomes and mean difference for duration antibiotics therapy
b Number of participants who completed the study with at least one episode of events was counted

SO MO SO‑MO

N with  datab N (%) N with  datab N (%) Differencea (95% CI)

Total, N 12 12

New CRBSI 12 0 (0.0) 12 0 (0.0) N/A

New infections including CRSBI 12 4 (33.3) 12 3 (25.0) 0.08 (− 0.20–0.36)

Change of vascular access 12 3 (25.0) 12 1 (8.3) 0.17 (− 0.15–0.48)

Use of antibiotics 12 6 (50.0) 12 2 (16.7) 0.33 (− 0.02–0.69)

Duration antibiotics therapy (days) LS Mean 12 4.39 (6.99) 11 0.17 (2.11) 4.22 (− 0.84–9.28)

Uexpected hospitalization 12 2 (16.7) 12 2 (16.7) 0.00 (− 0.33–0.33)

Surgery 12 1 (8.3) 12 0 (0.0) N/A

Death 12 0 (0.0) 12 0 (0.0) N/A

Adverse event 12 6 (50.0) 12 4 (33.3) 0.17 (− 0.29–0.62)

Serious adverse event 12 0 (0.0) 12 1 (8.3) N/A

Serious adverse event probably related to the 
intervention

12 0 (0.0) 12 0 (0.0) N/A
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a continuation of the same lipid emulsion, the dropout 
may not likely be related to SO versus MO. High drop-
outs could be due to the complex care and high risk of 
complications associated with HPN in this patient pop-
ulation but there were no major differences in the base-
line characteristics of enrolled subjects prior to starting 
the trial that could have contributed to higher dropouts 
in those starting with SO (Group 1) (Supplementary 
Table 1).

The high dropout rate resulted in a significant 
reduction in the number of subjects in Group 1 and 
it reduced the power of our study. For a large multi-
center randomized trial, factors that may affect drop-
outs and complications, such as demographics, HPN 
indications, co-morbidities, and type of central venous 
access, would be balanced between groups. Access to 
care is also important, especially if long-distance needs 
to be traveled. In this case, monetary compensation for 
traveling expenses could decrease dropout rates.

The HPN population, the number of hospitalizations, 
line sepsis, and deaths reported in this study was com-
parable to other published literature [12, 14, 23]. HPN 
patients are generally complex, often with significant 
underlying diseases that can require hospitalization 
and a high risk of central line infection that can lead to 
complications such as endocarditis, septic shock, and 
death [32]. Indeed, during the study, two participants 
died and one developed endocarditis that required pro-
longed antibiotic treatment.

Sample size calculation
Therefore, the sample size calculation will need to take 
into account the high drop-out rate. From the pilot 
study, the overall high drop-out rate was 9/21 (43%). 
Considering our results and using the same cross-over 
design with similar laboratory parameters, we calcu-
lated sample sizes with selected variables reflecting 
liver function and inflammation, to inform potential 

future studies in detecting the presence of treatment 
effects (see Table 5).

Given the difficulties related to high dropout rates and 
numerous visits for the cross-over study design [33], 
we also calculated the sample size needed for a parallel 
design using the same variables and the estimates from 
the present study (Table  6). The sample size calculation 
was based on the first phase of the study and is much 
larger than with the crossover design. In a parallel design 
trial, all patients would receive only one of the allocated 
treatments, require fewer visits, possibly reducing drop-
out rate, and the two groups would be compared to each 
other. The study could assess longer treatment duration. 
On the other hand, in a crossover trial, all patients would 
receive all the allocated treatments and act as their own 
controls but it would require more visits with a higher 
risk of dropouts and, for the same treatment duration, 
the study would be longer than a parallel design. Another 
factor when comparing the two designs is the marked 
heterogeneity of HPN patients: there would be a larger 
influence of confounding covariates in a parallel design 
trial versus a crossover trial design where the patient is 
his/her own control, providing smaller variability than 
the in the between-patient analysis required for a parallel 
design. Therefore, a parallel design trial requires a much 
larger number of patients compared to a crossover study 
to achieve the same power. In a recent published protocol 
for an ongoing 8-week randomized controlled trial com-
paring MO to another type of lipid emulsion in a similar 
HPN population, a parallel design was chosen to assess 
combined changes in liver parameters (ALT, AST, bili-
rubin). The sample size was calculated to be 160 patients 
(80 in each group) [5, 34] using a power of 0.8, a signifi-
cance set at 0.025 and a drop-out rate of 20%. However, 
the authors did not provide the reference for the study 
used to calculate the sample size and did not clarify if this 
was based on in-patients or HPN patients’ results. Based 
on our estimates (Table  6), it is possible that this study 
does not have sufficient power.

Table 5 Sample size required for potential future cross‑over 
studies: number of pairs required based on the data observed

The parameters used in this calculation are all from the study results (Table 2), 
the calculations are based on a two‑sided test at a 5% significance level and 
considering a 43% drop‑out rate

ALP alkaline phosphatase, ALT alanine transaminase, CRP C‑reactive protein, WBC 
white blood cells

Power 80% 85% 90%

ALT 72 83 97

ALP 402 460 536

CRP 27 30 36

WBC 3 3 4

Table 6 Sample size required for a parallel study design based 
on the data observed

The calculations are based on a two‑sided test at a 5% significance level and the 
sample size is for the total number of patients required

ALP alkaline phosphatase, ALT alanine transaminase, CRP C‑reactive protein, WBC 
white blood cells

Power 80% 85% 90%

ALT 1050 1200 1404

ALP 908 1038 1214

CRP 104 118 138

WBC 16 18 20
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Study duration and patient selection
Another consideration is the study duration and HPN 
regimen. A 6-month duration to assess the effect of MO 
on liver enzymes should be sufficient based on the litera-
ture on HPN [11, 23]. If only evaluating safety and tol-
erance, a previous study used a 4-week period to find 
that SO, medium-chain triglycerides, and olive and fish 
oil emulsion were all well tolerated and safe in 73 IF 
patients on long-term HPN [11]. Another study used 
60 days for 32 adults on long-term HPN where SO was 
changed to either MO or olive oil [23]. Results found that 
both were well tolerated and that MO did not alter liver 
function markers although olive-oil-based lipid emul-
sion decreased some liver function tests. However, the 
response could depend on baseline liver enzyme levels: 
individuals with higher liver enzymes may have a higher 
magnitude of effect than those with lower levels. In pre-
vious studies [14, 35], patients with at least 1.5 to 2 times 
normal liver enzymes at baseline were recruited if liver 
enzymes were the main outcome. On the other hand, 
for clinical outcomes, a 6-month duration will not be 
sufficient to assess the rate of hospitalization, antibiotic 
use, or mortality. Our previous multicenter cohort study 
was of a 2-year duration with 120 subjects, which made 
it unique compared to other smaller HPN studies in the 
literature [26]. Clinical outcomes of interest for HPN 
populations were poorly studied previously, including 
the number of hospitalizations, the number of hospitali-
zations related to HPN, and the incidence of line sepsis 
per 1000 catheter days in each group using SO and MO. 
The results showed an increased risk of hospitalization in 
HPN patients receiving MO lipid emulsion [26]. There-
fore, if hospitalization is to be used as the main outcome, 
a 2-year duration with a least the same number of sub-
jects using a parallel design is more appropriate for a 
larger randomized controlled trial and this should also be 
multicenter.

In addition, HPN patients have different PN regimens 
as opposed to inpatients who generally receive PN daily 
because of poor oral intake. In our HPN population, 
patients can receive 3 to 7 days of PN weekly, with either 
a hyperphagic diet if short bowel syndrome, with variable 
absorption being present, or no oral intake if severe dys-
motility or; intermittent oral intake if other indications 
like surgical complications. These various HPN regi-
mens and oral intake will likely impact on the change in 
fatty acid composition that is required to have a certain 
biological effect. In our pilot study, we detected signifi-
cant differences in fatty acid composition, reflecting the 
different types of lipids administered, despite the small 
number of patients, different regimens, and some hospi-
talizations that may require delaying or abstaining from 
PN due to line infection. However, the magnitude of the 

effect from different lipid emulsions could be greater if 
only patients on the 7-day regimen with poor intake are 
used for a larger randomized trial. The lack of effect on 
liver enzymes could be due to insufficient infusion of 
MO in our patients with various HPN regimens, despite 
significant changes in plasma fatty acid composition. 
Another possibility is that the liver enzymes were not suf-
ficiently abnormal at baseline to detect a difference over 
the 6-month period. With a larger number of patients, 
as suggested by our sample size calculations, the hetero-
geneity of our HPN population may not be as significant 
if the two parallel groups are well balanced in terms of 
causes of chronic IF and HPN regimen.

Finally, another challenge of conducting a large mul-
ticenter trial will be to switch many HPN patients back 
to SO from MO lipid emulsions considering that many 
HPN programs, influenced by the studies reporting posi-
tive findings in the pediatric population [36–38], in hos-
pitalized adult patients, [12] or small number of HPN 
patients, switched their entire patient population to MO 
lipids [14, 23, 25, 26].

Therefore, conducting a large trial would require some 
degree of acceptance by HPN programs that more data 
are required to prescribe one lipid emulsion over another, 
especially in view of the results of our prospective cohort 
study [26].

Feasibility of a definitive trial
A multicenter, randomized, double-blinded, parallel trial 
of at least a 2-year duration comparing MO to SO should 
be feasible considering the number of HPN patients in 
Canada. We have an established network of HPN pro-
grams already participating in the Canadian HPN Reg-
istry (28). Based on the recent number of potentially 
eligible patients from our previous cohort study [26], we 
estimate that about 850 out of 980 patients enrolled in our 
registry could be approached, as this excludes those with 
metastatic disease and poor prognosis. The survival rate 
in our patient population without active malignancy is 
about 80% at 5 years [39–41]. Therefore, a 5-year duration 
is also feasible if we want to better capture clinical out-
comes such as hospitalization rate and mortality. Patients 
with low-risk survival, such as those with active malig-
nancies, would need to be excluded. If liver enzymes are 
chosen as the main outcomes, patients with elevated liver 
enzymes of at least 1.5 to 2 times normal should then be 
selected; this would restrict the number of potential sub-
jects. In addition, other potential difficulties include the 
elevation of liver enzymes due to sepsis, cholecystitis, or 
common bile duct stones, which are not infrequent in this 
population and are independent of the type of lipid emul-
sion. Therefore, we favor a primary clinical outcome such 
as hospitalization rate per year and also include PN- and 
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non-PN-related hospitalization, line sepsis per 1000/cath-
eter days, antibiotic use, antibiotic days, and mortality, 
similar to our prospective cohort study [26]. In addition, 
considering the risk of non-alcoholic fatty liver disease 
(NAFLD) and intestinal failure-associated liver disease 
(IFALD) in the HPN population, assessments of liver 
fibrosis (eg FIB-4, APRI, Fibroscan) could be of benefit as 
it is associated with detrimental outcomes [42]. Further-
more, study visits should correspond to clinic visits every 
6  months to improve recruitment and reduce dropouts. 
It should include patients who are followed by telehealth. 
When considering inclusion and exclusion criteria, those 
on GLP-2 agonists would need to be excluded because of 
the potential confounding effect of HPN and lipid emul-
sion reduction over time, while on GLP2. The Canadian 
HPN Registry has presently 34 patients on GLP-2 agonists 
who are gradually reducing or being weaned from HPN 
(manuscript submitted): these would not be able to par-
ticipate in a future trial on lipid emulsions. Finally, consid-
ering that many patients are on a variety of oils for their 
lipid emulsions (SO, MO, or olive oil), a run-in period 
with SO of 3-month duration should be considered so that 
every participant begins the study with a similar baseline 
regarding plasma or red blood cell fatty acid composition 
that would reflect the same type of lipid emulsion before 
randomization. If telehealth patients cannot provide 
blood for this measurement, the fatty acid composition 
can be performed in a subgroup of patients.

Conclusion
In conclusion, our 6-month pilot study using a double-
blind crossover design was not feasible to conduct in 
the HPN population due to difficulties in recruiting and 
retaining patients. In addition, this study did not show 
any significant effect of MO versus SO on liver enzymes 
or most of the biochemical and clinical parameters. There 
were several challenges in conducting such a trial which 
was inherent to the complexity and the heterogeneity 
of the patient population and their HPN regimen. This 
will need to be taken into account if a large multicenter, 
double-blind, randomized controlled trial is planned. A 
parallel design with a study duration of at least 2  years 
should be considered to better capture clinical outcomes.
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