:' frontiers Frontiers in Nutrition

@ Check for updates

OPEN ACCESS

EDITED BY
Paolo De Simone,
University of Pisa, Italy

REVIEWED BY
Heba Taher,

Cairo University, Egypt
Feifei Chong,

Daping Hospital, China

*CORRESPONDENCE

Xiaodong Feng
ddddjgjg@163.com

Wei Zhang
zhang_wei_1980@163.com

RECEIVED 14 May 2025
ACCEPTED 28 August 2025
PUBLISHED 16 September 2025

CITATION
Tong Y, Bai S, Bi T, JinL, Tang Y,

Zhou Y, Feng X and Zhang W (2025) Multi-oil
fat emulsion improves postoperative
nutritional status and reduces complications
in patients with hilar cholangiocarcinoma.
Front. Nutr. 12:1628698.

doi: 10.3389/fnut.2025.1628698

COPYRIGHT

© 2025 Tong, Bai, Bi, Jin, Tang, Zhou, Feng
and Zhang. This is an open-access article
distributed under the terms of the Creative
Commons Attribution License (CC BY). The
use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Nutrition

TYPE Original Research
PUBLISHED 16 September 2025
pol 10.3389/fnut.2025.1628698

Multi-oil fat emulsion improves
postoperative nutritional status
and reduces complications in
patients with hilar
cholangiocarcinoma

Yang Tong, Sijia Bai, Ting Bi, Luyuan Jin, Yufu Tang,
Yinghui Zhou, Xiaodong Feng* and Wei Zhang*

Department of Hepatobiliary Pancreatic Spleen Thyroid Surgery, General Hospital of Northern
Theater Command, Shenyang, China

Introduction: Hilar cholangiocarcinoma (HCCA) is a common and complex
biliary tract tumor often accompanied by malnutrition and a high risk of
postoperative complications. Effective nutritional supportis critical forimproving
prognosis. This study aimed to investigate the effects of multi-oil fat emulsion
on postoperative nutritional status, liver function, inflammatory response, and
complication rates in patients with HCCA.

Methods: A total of 88 patients with HCCA who underwent radical resection at our
hospital between January 2022 and February 2024 were enrolled and randomly
divided into two groups. The control group received 20% medium/long-chain fat
milk injection, while the observation group received multi-oil fat milk injection, both
combined with amino acid glucose solution for five consecutive days. Nutritional
indices [albumin (ALB), hemoglobin (Hb), total protein (TP)], liver function indices
[alanine aminotransferase (ALT), aspartate aminotransferase (AST), total bilirubin
(TBIL)], inflammatory markers [C-reactive protein (CRP), tumor necrosis factor-a
(TNF-a), interleukin-6 (IL-6)], and postoperative complications were assessed.
Results: After intervention, both groups showed improved nutritional and liver
function indices and reduced inflammatory markers compared with baseline (all
P<0.01). The observation group demonstrated significantly higher ALB, Hb, and
TP levels and lower ALT, AST, TBIL, CRP, TNF-a, and IL-6 levels than the control
group (all p < 0.01). The incidence of complications was significantly lower in the
observation group (4.54%) compared with the control group (20.46%) (p = 0.049).
Discussion: Multi-oil fat emulsion provided superior benefits over conventional
fat emulsion in enhancing postoperative nutritional status, improving liver
function, and reducing systemic inflammation and complications in HCCA
patients. These findings suggest that multi-oil fat emulsion may be a preferable
option for postoperative parenteral nutrition in this population.
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Introduction

Hilar cholangiocarcinoma (HCCA) belongs to the mucosal epithelial carcinoma of the
bile duct above the opening of the gallbladder duct, containing the common hepatic duct, the
conjunctural part of the left and right hepatic ducts, as well as the left and right hepatic ducts
(1). According to a large group of domestic case analysis reports, HCCA accounts for
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approximately 60 to 70% of biliary tract cancers and is one of the most
common and complex biliary tract tumors (2). However, due to the
influence of biological characteristics and anatomical location, the
early diagnosis of HCCA is very low, and most patients are found at
the advanced stage for the first time, missing the best treatment
period, which increases the difficulty of treatment (3). Currently,
surgical treatment is mainly used in clinical practice, and surgical
methods are divided into radical and palliative. Usually, radical
resection can achieve the best therapeutic effect (4). However, radical
resection has a wide scope, and the treatment of the biliary tract is
complicated to a certain extent. As a result, patients have a high risk
of postoperative complications, resulting in increased risk of
postoperative death, shortened survival period, and reduced quality
of life in patients, which is not conducive to prognosis (5).

Cancer patients often suffer from malnutrition and are prone to
postoperative inflammation, which in severe cases may even lead to
death. Therefore, postoperative nutritional support based on
parenteral nutrition is extremely important (6). Multi-oil fat emulsion
is the fourth-generation fat emulsion. Its main components include
soybean oil, coconut oil, olive oil, fish oil, and vitamin E. It is worth
noting that the proportion of soybean oil in the formula has been
reduced, while fish oil has been added, which conforms to the
standard recommended by the World Health Organization of a
®-6/w-3 ratio of 2.5:1 (7). Studies have shown that multi-oil fat
emulsion can significantly alleviate the oxidative stress and excessive
inflammatory conditions of patients after surgery, regulate immune
function, thereby improving liver function and reducing infection
complications (8).

In our study, we aimed to explore the influence of multi-oil fat
emulsion on postoperative nutritional status and complications in
HCCA patients.

Data and methods
General data

A total of 88 HCCA patients admitted to our hospital from January
2022 to February 2024 were selected as study subjects. Inclusion criteria
included: (1) Patients met the diagnostic criteria for HCCA and
underwent radical resection, (2) All patients were conscious and normal
in comprehension, (3) Patients signed informed consent, (4) No abnormal
fat metabolism; no fat milk allergy, and (5) No immunomodulators had
been used recently. Exclusion criteria included: (1) Age < 18 years or >
85 years, (2) Patients had blood system diseases, (3) Patients had mental
illness, (4) Patients had other vital organ diseases, and (5) Patients were
unable to cooperate with researchers.

Randomization and blinding

A group randomization design was adopted for random grouping.
The random allocation sequence was generated by a computer. The
allocation confidentiality measures were achieved through the use of
sequential numbering, sealing, and opaque envelopes. After being
deemed to meet the inclusion criteria, patients were randomly
assigned to the control group or the observation group in a 1:1 ratio.
This study was single-blind, and the participants were unaware of
the allocation.
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Parenteral nutrition methods

Both groups of patients received parenteral nutrition support
through a peripherally inserted central catheter after the operation.
Patients in the observation group received an intravenous infusion
of multi-oil fat milk emulsion (C6 ~ 24, Huarui Pharmaceutical Co.,
Ltd.) combined with amino acid glucose solution. Patients in the
control group received an intravenous infusion of 20% medium/
long-chain fat milk injection (C6 ~ 24, Huarui Pharmaceutical Co.,
Ltd.) combined with amino acid glucose solution. The two groups
of patients received continuous intravenous infusion for 5 days.
Both groups received parenteral nutrition support with an equal
total caloric intake of 104.6 kJ/(kg-d) and an equal nitrogen intake
of 0.2 g/(kg-d) after the operation. On the first day after the
operation, the dosage of fat and glucose was halved. From the
second to the fifth day after the operation, full nutritional support
was provided, along with an adequate amount of electrolytes,
vitamins, and trace elements, supplemented according to each
kilogram of body weight.

Observation indicators

The primary outcome measures of the study included nutritional
status and liver function. For the measurement of nutritional status,
5 ml of venous blood was collected from patients upon waking in the
morning and separated by centrifugation to obtain serum samples.
Nutritional status indices, such as hemoglobin (Hb), serum total
protein (TP), and serum albumin (ALB), were measured using an
automatic biochemical analyzer. Besides, liver function indexes
containing  aspartate  aminotransferase =~ (AST), alanine
aminotransferase (ALT), and total bilirubin (TBIL) were detected by
an automatic biochemical analyzer.

The secondary outcome measures of the study included levels of
inflammatory factors and the incidence of complications. Levels of
inflammatory factors, including C-reactive protein (CRP) levels, were
detected by turbidimetry, and serum tumor necrosis factor oo (TNF-ar)
and interleukin-6 (IL-6) levels were detected by enzyme-linked
Besides, the
complications, including infection, biliary fistula, hemorrhage, and

immunosorbent assay (ELISA). incidence of

pleural effusion, was recorded in two groups.

Statistical analysis

SPSS 19.0 software was implemented for statistical processing of
the data. Statistical data were expressed as a rate (%), and Fisher’s exact
test was used for comparison between groups. Measurement data were
expressed as (x + s), and the T-test was implemented for inter-group
comparison. A p-value of < 0.05 was considered statistically significant.

Results
General data in two groups

The flowchart of the study is shown in Figure 1. In the control
group, there were 24 males and 20 females, with an average age of

49.26 + 8.47 years. Among them, there were 23 cases of grade A and
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FIGURE 1
Flowchart of the study.

21 cases of grade B. Meanwhile, there were 17 cases of stage I, 15 cases
of stage II, and 12 cases of stage III. In the observation group, there
were 25 males and 19 females, with an average age of 49.35 + 8.51 years.
Among them, there were 22 cases of grade A and 22 cases of grade
B. Meanwhile, there were 18 cases of stage I, 16 cases of stage II, and
10 cases of stage III. There were no significant differences in general
data such as gender, age, child grade, TNM stage, smoking history,
drinking history, family history, and postoperative chemotherapy
between the two groups (p > 0.05, Table 1), suggesting comparability.

Nutritional status in two groups

No significant differences were seen in ALB, Hb, and TP levels
between the two groups prior to intervention (p >0.05). After
intervention, ALB, Hb, and TP levels were significantly elevated in the
two groups (p < 0.01). Compared with the control group, the levels of
ALB, Hb, and TP in the observation group were significantly higher
after intervention (p < 0.01, Figure 2). These results suggest that
multi-oil fat emulsion could improve the postoperative nutritional
status of patients with HCCA.

Liver function in the two groups

No significant differences were seen in ALT, AST, and TBIL levels
between the two groups prior to intervention (p >0.05). After
intervention, ALT, AST, and TBIL levels were significantly diminished
in the two groups (p < 0.01). Compared with the control group, the
levels of ALT, AST, and TBIL in the observation group were
significantly lower after intervention (p < 0.01, Figure 3). All these
results suggested that multi-oil fat emulsion could improve the liver
function of patients with HCCA.
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Inflammatory factors in the two groups

No significant differences were seen in CRP, IL-6, and TNF-a
levels between the two groups prior to intervention (p > 0.05). After
intervention, CRP, IL-6, and TNF-a levels were significantly
diminished in the two groups (p < 0.01). Compared with the control
group, the levels of CRP, IL-6, and TNF-« in the observation group
were significantly lower after intervention (p < 0.01, Figure 4). These
results suggest that multi-oil fat emulsion could alleviate the
inflammatory response in patients with HCCA.

Incidence of complications in the two
groups

In the control group, there were three cases of infection, one case
of biliary fistula, two cases of hemorrhage, and three cases of pleural
effusion, resulting in a total incidence rate of 20.46% (9 of 44). In the
observation group, there was one case of hemorrhage and one case of
pleural effusion, resulting in a total incidence rate of 4.54% (2 of 44).
Relative to the control group, the incidence of complications in the
observation group was significantly lower (p < 0.05, Table 2). All these
results suggested that multi-oil fat emulsion could reduce the
incidence of complications in patients with HCCA.

Discussion

HCCA is one of the main types of extrahepatic cholangiocarcinoma,
accounting for 65 to 75% (9). HCCA tends to invade the blood vessels,
nerves, and lymphatic tissue of the portal area, resulting in a poor
prognosis (10). It has been reported that HCCA, which cannot
be surgically resected or radically resected due to its special anatomical
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TABLE 1 General data of patients in two groups.

Control Observation @ Fisher p
group group

(n = 44) (n = 44)
Gender >0.999
Male 24 (54.55) 25 (56.82)
Female 20 (45.45) 19 (43.18)
Age (years) 49.26 + 8.47 49.35 £ 8.51 0.960
Child grade >0.999
Grade A 23 (52.27) 22 (50.00)
Grade B 21 (47.73) 22 (50.00)
TNM stage 0.926
Stage T 17 (38.64) 18 (40.91)
Stage IT 15 (34.09) 16 (36.36)
Stage III 12 (27.27) 10 (22.73)
Smoking history 0.670
Yes 23 (52.27) 20 (45.45)
No 21 (47.73) 24 (54.55)
Drinking history 0.830
Yes 25 (56.82) 23 (52.27)
No 19 (43.18) 21 (47.73)
Family history 0.828
Yes 19 (43.18) 17 (38.64)
No 25 (56.82) 27 (61.36)
Postoperative 0.822
chemotherapy
Yes 30 (68.18) 28 (63.64)
No 14 (31.82) 16 (36.36)

location, has always been a significant concern for hepatobiliary
surgeons (4). Recently, with the development of medical technology, the
surgical treatment of HCCA has made some progress. After radical
resection, most patients can effectively control the development of the
disease and improve their survival rate by 3 to 5 years (11-13). HCCA
is often associated with jaundice due to biliary obstruction, and 70% of
patients with obstructive jaundice may have malnutrition after surgery
(14). For patients after surgery, malnutrition is considered an important
risk factor associated with postoperative complication rates and
mortality (15). The radical resection will aggravate postoperative
malnutrition due to significant trauma, long time, and postoperative
stress, thus affecting the function of the bodys immune system,
stimulating the production of TNF-a, IL-6, arachidonic acids, nitric
oxide, and other inflammatory mediators in liver Kupffer cells, causing
systemic inflammation and even biliary sepsis (16). Therefore, how to
strengthen the postoperative nutrition of HCCA patients in a timely and
effective manner, thereby repressing the inflammatory response of the
body and reducing the postoperative incidence of complications, has
become an important topic for hepatobiliary surgeons.

Early enteral nutrition is conducive to rapid postoperative recovery
in tumor patients; during the empty period before enteral nutrition,
parenteral nutrition can improve the prognosis of patients (17). As an
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important part of parenteral nutrition, fat emulsion is mainly used in m-6
polyunsaturated fatty acids and soybean oil, and ®-6 polyunsaturated fatty
acids can inhibit T cell-mediated immune function, increase postoperative
inflammatory response, and inhibit immune function (18). Therefore, the
selection of appropriate nutritional preparations plays a crucial role in
promoting the overall recovery of patients after surgery.

Multi-oil fat emulsion is a balanced therapeutic fat emulsion
containing four oils. These include 30% soybean oil (for essential fatty
acids), 30% coconut oil (for quick energy), 25% olive oil (for
monounsaturated fatty acids), 15% fish oil (for reducing inflammation
and immune regulation), and 200 mg/L of vitamin E (for inhibiting
lipid peroxidation) (19). Among them, fish oil is rich in ®-3
polyunsaturated fatty acids, mainly containing a-linolenic acid (ALA),
docosahexaenoic acid (DHA), and eicosapentaenoic acid (EPA). ALA
is an essential fatty acid. DHA has the function of stabilizing cell
membranes, balancing cytokines and lipoproteins, and EPA is the
precursor to prostaglandins and leukotrienes in the body (20).

In our study, the results revealed that after intervention, ALB, Hb,
and TP levels were elevated in the two groups, with those in the
observation group presenting higher levels compared to the control
group, suggesting that multi-oil fat emulsion could enhance postoperative
nutritional status in HCCA patients. The reason may be that multi-oil fat
emulsion is a balanced therapeutic fat emulsion containing four kinds of
oils. Fat milk rich in soybean oil can produce immunosuppressive effect
on the body, increase the risk of infection, and affect the absorption of
nutrients by the body, while the negative impact of multi-oil fat emulsion
infusion on immune function is significantly lower than that of fat milk
containing soybean oil, so patients can better absorb nutrients (21).

Our study also indicated that after intervention, ALT, AST, and
TBIL levels declined in two groups, with those in the observation
group presenting lower levels compared to the control group,
suggesting that multi-oil fat emulsion could improve liver function in
HCCA patients. It is because the fish oil in multi-oil fat emulsion is
rich in ®-3 fatty acids, which can protect the liver. The high levels of
ALA, DHA, and EPA can reduce linoleic acid metabolites, thereby
reducing inflammatory mediators and hepatic damage (22).
Meanwhile, multi-oil fat emulsion contains rich a-tocopherol, olive
oil, vitamin E, and other antioxidants, which can reduce the oxidative
stress of liver cells and protect liver function (23).

Besides, our study suggested that after intervention, CRP, IL-6,
and TNF-a levels declined in the two groups, and those in the
observation group presented lower levels when compared with the
control group, suggesting that multi-oil fat emulsion could reduce
the inflammatory response in HCCA patients. In general, -6 fatty
acids in fat milk will produce inflammatory factors in the
metabolism process, and too much will easily aggravate
inflammation, while w-3 fatty acids will inhibit inflammation in the
metabolism process (24). Multi-oil fat emulsion can better reduce
the body’s inflammatory response by adjusting the ratio of w-6 to
®-3, reducing o-6 and increasing -3 (25). Meanwhile, multi-oil fat
emulsion is rich in EPA and DHA, which can not only compete and
bind with arachidonic acid (AA), increase the contents of
phospholipid EPA and DHA in immune cell membrane but also
inhibit the activity of phospholipase PLA2 by decreasing the
expression of cycpoxygenase-2 (COX-2), and reduce the
arachidonic acid associated with AA, thus inhibiting inflammation
and improving cellular immune function (26).
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TABLE 2 Incidence of complications in two groups.

Cases Infection Biliary Hemorrhage Pleural Total incidence
fistula effusion rate
Control group 44 3(6.82) 1(2.27) 2 (4.55) 3(6.82) 9 (20.46)
Observation group 44 0 (0.00) 0 (0.00) 1(227) 1(2.27) 2 (4.54)
Fisher
P 0.049

Our research has some limitations. First, our sample size is relatively
small, which may lead to deviations between the data results and the
actual values. Second, our research adopted a single-blind design, which
inevitably resulted in subjective biases from the researchers, resulting in
an imbalance in treatment between the two groups. Third, our research
was a single-center study, and the sample was not representative, which
may not accurately reflect the characteristics of a broader population.
Fourthly, our research did not conduct long-term follow-up observations.
The effects of multi-oil fat emulsion on the long-term postoperative
nutritional status and complications in patients with HCCA are currently
unclear. Therefore, more multi-center, double-blind, large-scale, and long-
term studies should be conducted in the future to verify our
findings further.

Conclusion

Our study demonstrates that multi-oil fat emulsion can effectively
improve postoperative nutritional status and liver function, while
reducing inflammatory responses and the incidence of complications
in HCCA patients.

Frontiers in Nutrition

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found in the article/supplementary material.

Ethics statement

The studies involving humans were approved by Ethics committee
of General Hospital of Northern Theater Command. The studies were
conducted in accordance with the local legislation and institutional
requirements. The participants provided their written informed
consent to participate in this study.

Author contributions

YTo: Writing - original draft, Writing — review & editing. SB:
Writing - review & editing, Writing — original draft. TB: Writing -
original draft, Writing — review & editing. LJ: Writing - review &

frontiersin.org


https://doi.org/10.3389/fnut.2025.1628698
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Tong et al.

editing, Writing - original draft. YTa: Writing - original draft,
Writing - review & editing. YZ: Writing - review & editing, Writing —
original draft. XF: Writing - review & editing, Writing - original draft.
WZ: Writing - review & editing, Writing - original draft.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This study was supported
by the Liaoning Province Doctoral Research Initiation Fund Program
Project (No. 2021-BS-027).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

References

1. Sapisochin G, Ivanics T, Subramanian V, Doyle M, Heimbach JK, Hong JC.
Multidisciplinary treatment for hilar and intrahepatic cholangiocarcinoma: a review of
the general principles. Int J Surg. (2020) 82:77-81.

2.Ito E Cho CS, Rikkers LF, Weber SM. Hilar cholangiocarcinoma: current
management. Ann Surg. (2009) 250:210-8. doi: 10.1097/SLA.0b013e3181afe0ab

3. LiJ, Zhou MH, Ma WJ, Li FY, Deng YL. Extended lymphadenectomy in hilar
cholangiocarcinoma: what it will bring? World ] Gastroenterol. (2020) 26:3318-25. doi:
10.3748/wjg.v26.124.3318

4. Jonas S, Benckert C, Thelen A, Lopez-Hanninen E, Rosch T, Neuhaus P. Radical
surgery for hilar cholangiocarcinoma. Eur ]| Surg Oncol. (2008) 34:263-71. doi:
10.1016/j.¢j50.2007.09.024

5. Anderson B, Doyle MBM. Surgical considerations of hilar cholangiocarcinoma.
Surg Oncol Clin N Am. (2019) 28:601-17. doi: 10.1016/j.50¢.2019.06.003

6. Bossi P, Delrio P, Mascheroni A, Zanetti M. The Spectrum of malnutrition/
Cachexia/sarcopenia in oncology according to different Cancer types and settings: a
narrative review. Nutrients. (2021) 13:1980. doi: 10.3390/nu13061980

7. Park HJ, Lee S, Park CM, Yoo K, Seo JM. Reversal of intestinal failure-associated
liver disease by increasing fish oil in a multi-oil intravenous lipid emulsion in adult short
bowel-syndrome patients. JPEN ] Parenter Enteral Nutr. (2021) 45:204-7. doi:
10.1002/jpen.1823

8. Jiang W, Chen G, Zhang J, Lv X, Lu C, Chen H, et al. The effects of two mixed
intravenous lipid emulsions on clinical outcomes in infants after gastrointestinal
surgery: a prospective, randomized study. Pediatr Surg Int. (2019) 35:347-55. doi:
10.1007/s00383-018-4422-2

9. Elvevi A, Laffusa A, Scaravaglio M, Rossi RE, Longarini R, Stagno AM, et al.
Clinical treatment of cholangiocarcinoma: an updated comprehensive review. Ann
Hepatol. (2022) 27:100737. doi: 10.1016/j.a0hep.2022.100737

10.Chen Y, Xu Y, Zhang Y. Current status of laparoscopic radical hilar
cholangiocarcinoma in mainland China. Biosci Trends. (2020) 14:168-73. doi:
10.5582/bst.2020.03010

11. Wang W, Fei Y, Liu ], Yu T, Tang J, Wei E. Laparoscopic surgery and robotic surgery
for hilar cholangiocarcinoma: an updated systematic review. ANZ J Surg. (2021) 91:42-8.
doi: 10.1111/ans.15948

12. McGivern K, Drake T, Knight S, Lucocq J, Bernabeu M, Clark N, et al. Applying
artificial intelligence to big data in hepatopancreatic and biliary surgery: a scoping
review. Artif Intellig Surg. (2023) 3:27-47.

13. Ding H, Seenivasan L, Killeen B, Cho S, Unberath M. Digital twins as a unifying
framework for surgical data science: the enabling role of geometric scene understanding.
Artif Intellig Surg. (2024) 4:109-38. doi: 10.20517/ais.2024.16

Frontiers in Nutrition

07

10.3389/fnut.2025.1628698

Generative Al statement

The author(s) declare that no Gen Al was used in the creation of
this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure accuracy,
including review by the authors wherever possible. If you identify any
issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

14. Aloia TA. Precision hilar cholangiocarcinoma surgery. Ann Surg Oncol. (2018)
25:1103-4. doi: 10.1245/510434-018-6416-7

15. Weimann A, Braga M, Carli F, Higashiguchi T, Hiibner M, Klek S, et al. ESPEN
practical guideline: clinical nutrition in surgery. Clin Nutr. (2021) 40:4745-61. doi:
10.1016/j.cInu.2021.03.031

16. Sucandy I, Younos A, Lim-Dy A, Ross S, Rosemurgy A. Robotic Klatskin type 3A
resection with biliary reconstruction: description of surgical technique and outcomes of
initial series. Ann Surg Oncol. (2023) 30:8559-60. doi: 10.1245/s10434-023-14256-y

17. Abunnaja S, Cuviello A, Sanchez JA. Enteral and parenteral nutrition in the
perioperative period: state of the art. Nutrients. (2013) 5:608-23. doi: 10.3390/nu5020608

18. Calder PC, Waitzberg DL, Klek S, Martindale RG. Lipids in parenteral nutrition:
biological aspects. JPEN ] Parenter Enteral Nutr. (2020) 44:521-7.

19. Lin HJ, Shen XX, Ni YH, Ma XL, Shi LP, Du LZ. Clinical effect of multi-oil fat
emulsion for parenteral nutrition support in extremely low birth weight infants.
Zhongguo Dang Dai Er Ke Za Zhi. (2021) 23:229-35.

20. Abdelhamid AS, Brown TJ, Brainard JS, Biswas P, Thorpe GC, Moore HJ, et al.
Omega-3 fatty acids for the primary and secondary prevention of cardiovascular disease.
Cochrane Database Syst Rev. (2018) 7:Cd003177. doi: 10.1002/14651858.CD003177.pub4

21. Tian H, Yao X, Zeng R, Sun R, Tian H, Shi C, et al. Safety and efficacy of a new
parenteral lipid emulsion (SMOF) for surgical patients: a systematic review and meta-
analysis of randomized controlled trials. Nutr Rev. (2013) 71:815-21. doi:
10.1111/nure.12053

22. Parker HM, Johnson NA, Burdon CA, Cohn JS, O'Connor HT, George J. Omega-3
supplementation and non-alcoholic fatty liver disease: a systematic review and meta-
analysis. ] Hepatol. (2012) 56:944-51. doi: 10.1016/j.jhep.2011.08.018

23. Herrero-Encinas J, Corrales NL, Sevillano F Ringseis R, Eder K, Menoyo D.
Replacement of vitamin E by an extract from an olive oil by-product, rich in
Hydroxytyrosol, in broiler diets: effects on liver traits, oxidation, lipid profile, and
transcriptome. Antioxidants. (2023) 12:1751. doi: 10.3390/antiox12091751

24. Liput KP, Lepczynski A, Ogluszka M, Nawrocka A, Polawska E, Grzesiak A, et al.
Effects of dietary n-3 and n-6 polyunsaturated fatty acids in inflammation and
Cancerogenesis. Int ] Mol Sci. (2021) 22:6965. doi: 10.3390/ijms22136965

25. Dai YJ, Sun LL, Li MY, Ding CL, Su YC, Sun LJ, et al. Comparison of formulas based on
lipid emulsions of olive oil, soybean oil, or several oils for parenteral nutrition: a systematic
review and Meta-analysis. Adv Nutr. (2016) 7:279-86. doi: 10.3945/an.114.007427

26.Baker EJ, Valenzuela CA, De Souza CO, Yaqoob P, Miles EA, Calder PC.
Comparative anti-inflammatory effects of plant- and marine-derived omega-3 fatty acids

explored in an endothelial cell line. Biochim Biophys Acta Mol Cell Biol Lipids. (2020)
1865:158662. doi: 10.1016/j.bbalip.2020.158662

frontiersin.org


https://doi.org/10.3389/fnut.2025.1628698
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1097/SLA.0b013e3181afe0ab
https://doi.org/10.3748/wjg.v26.i24.3318
https://doi.org/10.1016/j.ejso.2007.09.024
https://doi.org/10.1016/j.soc.2019.06.003
https://doi.org/10.3390/nu13061980
https://doi.org/10.1002/jpen.1823
https://doi.org/10.1007/s00383-018-4422-2
https://doi.org/10.1016/j.aohep.2022.100737
https://doi.org/10.5582/bst.2020.03010
https://doi.org/10.1111/ans.15948
https://doi.org/10.20517/ais.2024.16
https://doi.org/10.1245/s10434-018-6416-7
https://doi.org/10.1016/j.clnu.2021.03.031
https://doi.org/10.1245/s10434-023-14256-y
https://doi.org/10.3390/nu5020608
https://doi.org/10.1002/14651858.CD003177.pub4
https://doi.org/10.1111/nure.12053
https://doi.org/10.1016/j.jhep.2011.08.018
https://doi.org/10.3390/antiox12091751
https://doi.org/10.3390/ijms22136965
https://doi.org/10.3945/an.114.007427
https://doi.org/10.1016/j.bbalip.2020.158662

	Multi-oil fat emulsion improves postoperative nutritional status and reduces complications in patients with hilar cholangiocarcinoma
	Introduction
	Data and methods
	General data
	Randomization and blinding
	Parenteral nutrition methods
	Observation indicators
	Statistical analysis

	Results
	General data in two groups
	Nutritional status in two groups
	Liver function in the two groups
	Inflammatory factors in the two groups
	Incidence of complications in the two groups

	Discussion
	Conclusion

	References

