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Optimizing clinical nutrition
practices: impact of a formulary
prescription-based nutrition
therapy protocol in surgical
patients

Mengying Xu and Jiaojiao Mao*

Department of Pharmacy, The Fourth Affiliated Hospital of Soochow University, Suzhou Dushu Lake
Hospital, Medical Center of Soochow University, Suzhou, Jiangsu, China

Background: Parenteral nutrition (PN) is a crucial clinical therapy, particularly in
surgical patients. However, due to the complex composition of PN formulations,
the inappropriate use of PN remains widespread in clinical practice to date. This
study established a formulary prescription-based nutrition therapy protocol and
assessed the effectiveness of its implementation.

Method: The formulary prescription-based nutrition therapy program included
the development of formulary prescriptions for PN and the establishment of a
perioperative nutrition medication pathway based on the formulary prescriptions.
To evaluate the effect of this protocol in clinical practice, a before-and-after
cohort analysis was performed to compare PN administration modalities
hospital-wide and nutrition therapy strategies in targeted surgical (general
surgery and thoracic surgery) departments. Patients admitted in hospital with
gastrointestinal (Gl) cancers and receiving abdominal surgery during the study
period were further retrospectively analyzed. Nutrition status of patients was
evaluated using the levels of postoperative serum albumin and prealbumin.
Recovery time and surgical or nutrition-related complications and were also
collated as the clinical outcomes.

Results: The proportion of all-in-one (AIO) admixture orders increased from
472 to 85.2%, while multi-bottle systems (MBSs) decreased from 52.8 to 14.8%
(p < 0.01). In targeted surgical departments, the utilization rate of personalized total
nutrient admixture (TNA) increased from 54.5 to 79.3% (p < 0.01), and a concurrent
shift in the approach of nutrition therapy from total parenteral nutrition (TPN) to
supplemental parenteral nutrition (SPN) and total enteral nutrition (TEN). Significant
benefits across the spectrum of postoperative outcomes were observed in patients
with Gl cancers. The average postoperative prealbumin levels were elevated on
both postoperative day 3 (POD 3) and postoperative day 5 (POD 5) in the after
cohort compared to the before cohort (11440 + 41.95 vs. 130.09 + 38.55 mg/L
on POD 3 and 13145 + 36.88 vs. 148.02 + 33.69 mg/L on POD 5). In addition,
the after cohort showed shorter duration of postoperative PN therapy (8.2 + 3.3
vs. 6.3 + 2.6 days) and shorter length of postoperative hospital stay (14.9 + 5.1 vs.
12.2 + 4.2 days). However, there was no significant difference in the incidences of
postoperative complications between the two cohorts.

Conclusion: The formulary prescription-based nutrition therapy protocol can
significantly enhance the rational use of PN drugs hospital-wide, optimize
clinical nutrition strategies in the surgical patients, and improve short-term
clinical outcomes in the patients undergoing Gl cancer surgery.
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1 Introduction

Globally, 30-45% of hospitalized adults were malnourished on
admission (1). The estimated prevalence of malnutrition in patients
after major surgery ranges from 20 to 70% (2). Due to the special
surgical site and worse nutrition status before operation, the recovery
time is longer in patients with gastrointestinal (GI) cancers compared
to patients receiving other surgeries (3). It is well documented that the
catabolic response to surgery causes the depletion of essential
nutrients, resulting in an increased risk of postoperative complications,
particularly infectious complications (4). Therefore, timely and
rational nutrition therapy is essential for maintaining optimal cell and
organ function, promoting wound repair, and decreasing infectious
complications after surgery.

Despite identified nutritional risk or malnutrition, merely half of
affected hospitalized patients in China received nutrition therapy (5).
Notably, 68.6-91.5% of these interventions utilized parenteral
nutrition (PN), which significantly deviated from current clinical
guidelines recommending enteral nutrition (EN) as the preferred
approach (6, 7). The misuse of PN primarily manifests in the following
scenarios: (1) improper indications, (2) prolonged treatment duration
beyond clinical necessity, and (3) suboptimal administration
modalities, particularly the separate or sequential infusion of
individual amino acid and/or lipid emulsion bottles rather than
clinically recommended all-in-one (AIO) admixtures (8). In clinics,
perioperative PN prescriptions are usually prescribed by surgeons.
Our previous investigations (data not shown) showed that, due to
workload and specialty limitation, the PN prescriptions issued by
surgeons were often unsatisfactory. Multiple-bottle infusion and lack
of individualization were common problems of PN. Sub-optimal PN

prescriptions may not only affect the efficacy of the PN, but also affect
the safety and clinical outcomes of patients.

As we all known, A formulary prescription refers to a standardized
treatment protocol jointly developed by clinicians and pharmacists
based on clinical needs, and subsequently approved by the pharmacy
administration committee and hospital leadership as an institutional
routine prescription. Formulary prescriptions are most prevalent in
Traditional Chinese Medicine (TCM) due to the fixed compositions
with scientifically validated herb ratios and demonstrated efficacy (9).
These standardized prescriptions not only enhance prescribing
efficiency, but also streamline the dispensing process by eliminating
the labor-intensive steps of manual herb weighing and decoction
preparation.

For PN, the rationale for implementing formulary prescriptions is
twofold: (1) the complex prescription requirements involving precise
calculations of energy needs, protein supply, non-protein energy
(NPE), glucose-to-lipid ratios, osmolarity, and compatibility
considerations and (2) variability in clinical expertise, where
non-specialist physicians across departments independently formulate
nutrition regimens without standardized training (10, 11). In view of
this, clinical pharmacists with expertise in parenteral and enteral
nutrition have developed a formulary prescription-based nutrition
therapy protocol in our institution. Specifically, we integrated tiered
nutritional formulary (graded by fluid, energy, and protein) in
accordance with the specific demands of various clinical units into the
physicians’ Hospital Information System (HIS). We enabled clinicians
to select the most appropriate nutritional prescription based on the
patient’s clinical condition. This initiative has successfully promoted
the implementation of evidence-based pathways for perioperative
nutrition therapy across surgical departments, significantly improving
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clinical practice quality and medication safety while serving as a
replicable model for institutional PN management.

A retrospective study was conducted to evaluate the achievements
of the formulary prescription-based nutrition therapy protocol. Firstly,
as rational medication use is the paramount responsibility of
pharmacists, we evaluated the rate of inappropriate PN administration
across the hospital-wide patient population. Secondly, nutrition
therapy requires frequent adjustment based on the patients’ evolving
clinical conditions in surgical patients, we assessed the appropriateness
of nutrition therapy strategies in the general surgery and thoracic
surgery departments. Lastly, among patients with GI cancers, we
examined the impact of the aforementioned interventions on short-
term postoperative outcomes.

2 Methods

2.1 Development and optimization of
formulary prescriptions for PN

An evaluation standard of perioperative PN was established by
pharmacists based on the guidelines of the European Society for
Parenteral and Enteral Nutrition (ESPEN) (12), the American Society
for Parenteral and Enteral Nutrition (ASPEN) (13) and the Chinese
Medical Association for Parenteral and Enteral Nutrition (CSPEN)
(14). The formulary prescriptions for PN were initially piloted in the
departments of general surgery and thoracic surgery, and subsequently
expanded to departments of oncology, radiation oncology, geriatrics
and intensive care unit. The formulary prescriptions for PN are
primarily indicated for clinically stable patients. To accommodate
interpatient variability in energy, protein, and fluid requirements, a
series of supplemental PN (SPN) and total PN (TPN) formulations
were developed with graded levels of these components. Specifically,
the following customizable ranges were available: a fluid volume of
700-1,500 mL, a caloric content of 700-1800 kcal and a protein
content of 20-80 g. Access-adapted formulations were created based
on venous availability: peripheral PN (osmolarity <900 mOsm/L) for
patients without central venous catheters and central PN
(osmolarity>900 mOsm/L) for those with central access (15).
Additionally, specialized formulations were designed for hepatic
dysfunction (branched-chain AA-enriched or SMOF-based regimens)
and lipid emulsion allergies (lipid-free regimens). All nutritional
parameters in these formulary prescriptions including the calorie-to-
nitrogen ratio, glucose-to-lipid ratio, and electrolyte concentrations
were strictly aligned with evidence-based guideline recommendations.
The formulary prescription templates were embedded into HIS, with
detailed annotations for each prescription including (1) nutritional
parameters (energy, protein, fluid volume, and osmolarity), (2)
administration route, (3) immune-nutrition components (e.g., alanyl-
glutamine or fish oil-based lipid emulsions), and (4) special population
indications (e.g., hepatic dysfunction). This system enabled clinicians
to select patient-specific PN regimens based on pathophysiological
status (e.g., stress hypermetabolism and severe infection) and
dynamically adjust electrolyte compositions according to real-time
laboratory results.

During the clinical implementation of formulary prescriptions,
clinical pharmacists conducted timely maintenance and optimization
of prescription templates. Key triggers for updates included changes
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in hospital nutrition product suppliers or specifications, required
adjustments identified through pharmacovigilance. For instance,
patients undergoing anti-neoplastic therapies (chemotherapy/targeted
therapy/immunotherapy) often experienced compromised vascular
integrity, resulting in a lower tolerance threshold for the osmolarity of
PN administered via peripheral veins. It is therefore necessary to
revise formulary prescriptions to accommodate peripheral venous
administration in these individuals.

2.2 Establishment of a perioperative
nutrition medication pathway based on the
formulary prescriptions

For patients with preoperative nutritional risk, early nutrition
therapy significantly reduces postoperative complications and
shortens length of hospital stay (16). Although early postoperative oral
diet, oral nutritional supplements (ONS) and EN have achieved broad
consensus (12, 17), their implementation is often delayed or reduced
due to clinical factors including disease severity, GI tolerance of
patients and physicians’ knowledge level of nutrition therapy. On the
other hand, the ESPEN guidelines recommend that surgeons consider
initiating SPN if the energy requirements (<50% of energy
requirement) of the patient have not been met by total enteral
nutrition (TEN) for more than 7 days (12). In other words, to
supplement insufficient EN, SPN is a strategy that can increase energy
delivery more closely to the estimated energy requirements. Therefore,
clinical pharmacists have established a perioperative nutrition
medication pathway based on the formulary prescriptions of PN by
integrating clinical guidelines, consensus statements, practical
experience, and surgical-specific considerations (Figure 1). It should
be noted that PN prescriptions involved in the pathway were
preferably selected from the formulary prescriptions.

2.3 Study design

A retrospective cohort study was conducted to assess the impact
of the aforementioned work on nutrition medication use. The study
was conducted in accordance with the Declaration of Helsinki and
approved by institutional ethics committee of the Fourth Affiliated
Hospital of Soochow University. We analyzed all PN orders for
hospitalized patients during two distinct periods: the before cohort
(January 2024 to June 2024) prior to establishing the formulary
prescription-based nutrition therapy protocol, and the after cohort
(July 2024 to March 2025). Additionally, a further retrospective
analysis was conducted for patients with GI cancers admitted to the
department of general surgery between January 2024 and March 2025.

2.4 Source of data

In the hospital-wide analysis of rational nutrition therapy
utilization, we quantified utilization patterns across three PN
administration modalities: (1) multiple bottle systems (MBSs), (2)
commercially available multi-chamber bags (MCBs), and (3)
personalized total nutrient admixture (pTNA), with particular focus
on the change of nutrition therapy approaches (TEN, EN + SPN, or
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FIGURE 1
The pathway of perioperative nutrition therapy.

TABLE 1 Baseline demographic and clinical characteristics?.

Characteristic

The before cohort (January to

The after cohort (July 2024 to March

June 2024, n = 52) 2025, n = 87)
Gender, No. (%)
Male 31(59.6) 50 (57.5) 0.804
Female 21(40.4) 37 (42.5)
Age,y 69.4 (6.8) 70.3 (7.9) 0.581
BMI 232 (3.8) 22.9(3.2) 0.619
NRS-2002 score, No. (%)°
3 27 (51.9) 44 (50.6)
0.979
4 20 (38.5) 35 (40.2)
>5 5(9.6) 8(9.2)
Diagnosis, No. (%)
Gastric cancer 12 (23.1) 25 (28.7)
0.734
Colorectal cancer 35(67.3) 53 (60.9)
Others® 5(9.6) 9(10.3)
Nutritional indicators
Albumin, g/L 39.62 (4.32) 38.84 (4.43) 0.322
Prealbumin, mg/L 178.31 (56.88) 169.69 (57.37) 0.398
C-reactive protein, mg/L 8.44 (5.28) 9.21 (5.22) 0.617
Duration of surgery, min 191.1 (71.3) 196.3 (68.6) 0.681

* Data were presented as mean (SD) unless otherwise indicated. ® Scores on NRS-2002 range fro:
an increased risk. ¢ gastric cardia cancer, cecal cancer or duodenal cancer.

TPN) in the departments of general surgery and thoracic surgery.
Data were collected through retrieving medication orders from the
HIS and dispensing records from the Pharmacy Intravenous
Admixture Service (PIVAS) system.

In the analysis of the impact of the formulary prescription-based
nutrition therapy on short-term outcomes in perioperative patients
with GI cancers, the clinical information of the patients and the PN
related information were also retrieved from HIS. Patient
characteristics included age, gender, BMI, NRS-2002 score, tumor
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m 0 to 7, with a score of 3 or more identifying patients at nutritional risk. Higher scores indicate

type, hematological examination, etc. A total of 52 patients were
initially enrolled in the before cohort and 87 patients were initially
enrolled in the after cohort. The basic clinical information of the
patients was shown in Table 1. There were no significant differences
between the two cohorts (p > 0.05). The clinical outcome measures
included (1) a component of postoperative nutritional indicators:
albumin and prealbumin levels; (2) postoperative recovery indices:
anal exhaust time, duration of abdominal drainage, length of
postoperative hospital stay and length of total hospital stay; (3)
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duration of postoperative PN therapy and (4) postoperative

complications:  nutrition-related ~ complications, infections,

gastroparesis, intestinal obstruction and anastomotic leak.

2.5 Statistical analyses

The GraphPad Prism software (version 9.0, GraphPad Software,
La Jolla California, USA) was used for statistical analyses. Continuous
variables are expressed as mean + SEM and categorical variables are
expressed as counts and percentages. Students’ t-tests were performed
to analyze the continuous data of two groups. Chi-squared ()?) and
Fisher’s exact tests were used to evaluate the differences between
groups of categorical variables. For all tests, a two-sided p value <0.05
was considered statistically significant.

3 Results

3.1 Formulary prescription-based nutrition
therapy improved the rationality of PN

Following the protocol implementation, statistically significant
reductions in the MBSs utilization rates were observed in both
targeted surgical departments and the hospital-wide patient
population (p < 0.01, Table 2). The MBSs usage rates decreased from
peak values of 67.09 to 4.07% in the targeted surgical departments,
and from 70.56 to 12.55% among the hospital-wide inpatients.
Standardization of PN administration practices showed progressive
improvement, as illustrated in Figure 2.

3.2 Formulary prescription-based nutrition
therapy enhanced the personalization of
PN regimens

Following the protocol implementation, the utilization rate of
PTNA among all-in-one PN prescriptions significantly increased from
54.5 to 79.3% in the targeted surgical departments (p < 0.01, Table 3).
As presented in Figure 3, the utilization rate of pTNA changed
significantly over the study period. Specifically, approximately 65% of
PTNA prescriptions were derived from PN formulary prescriptions
embedded within the HIS.

10.3389/fnut.2025.1733325

3.3 Formulary prescription-based nutrition
therapy optimized the approaches of
perioperative nutrition support

Following the protocol implementation, significant changes in
nutrition therapy approaches were observed in the targeted surgical
departments (Table 4 and Figure 4). A marked reduction in TPN
therapy (60.9% vs. 52.9%) was observed concurrently with increased
adoption of combined SPN and EN therapy (21.4% vs. 28.1%).
Notably, the thoracic surgery department demonstrated a particularly
significant transition toward TEN utilization (30.8% vs. 42.6%).

3.4 Formulary prescription-based nutrition
therapy improved the postoperative
nutrition status in patients with Gl cancers

As shown in Table 5 and Figure 5, compared with preoperative
level, postoperative decline of albumin and prealbumin levels occurred
in both the before cohort and the after cohort. However, the after
cohort demonstrated significantly higher prealbumin levels on both
postoperative day 3 (POD 3) and postoperative day 5 (POD 5)
compared with the before cohort (114.40+41.95 wvs.
130.09£3855mg/L on POD 3 and 131.45+36.88 vs.
148.02 £ 33.69 mg/L on POD 5, p < 0.05). The C-reactive protein
levels in the after cohort were significantly lower than those in the
before cohort on both POD 3 and POD 5 (37.34 +15.65 vs.
29.50 £ 12.57 mg/Lon POD 3and 25.05 + 11.54 vs. 18.53 + 10.31 mg/L
on POD 5, p <0.05). No significant difference was found in the
albumin levels between the two cohorts on POD3 and POD5.

3.5 Formulary prescription-based nutrition
therapy accelerated the postoperative
recovery of patients with Gl cancers

The after cohort exhibited significantly shorter duration of
postoperative PN therapy (8.2 + 3.3 vs. 6.3 * 2.6 days) and length of
postoperative hospital stay (14.9 + 5.1 vs. 12.2 + 4.2 days) (p < 0.05),
along with earlier recovery of bowel function (3.7+0.5 vs.
2.3 £ 0.4 days) compared with the before cohort, as detailed in Table 6.
No significant differences were found in the rest of the recovery
indicators between the two cohorts.

TABLE 2 Utilization rate of MBSs before and after the formulary prescription-based nutrition therapy protocol establishment [case® (%)].

Departments The before cohort (January to June The after cohort (July 2024 to March P-value
2024) 2025)
PN administrations MBSs AlOs PN administrations MBS AlOs

Targeted surgical departments

General surgery 1,685 632(37.5) | 1,053 (62.5) 2,199 106 (4.8) 2093 (95.2) <0.01

Thoracic surgery 202 90 (44.4) 112 (55.6) 344 37(10.7) 307 (89.3) <0.01

Total 1887 722(38.3) | 1,165 (61.7) 2,543 143 (5.6) | 2,400 (94.4) <0.01
The hospital-wide

3,557 1878 (52.8) | 1,679 (47.2) 4,281 634 (14.8) | 3,647 (85.2) <0.01

patient population

PN, parenteral nutrition; MBSs, multiple bottle systems; AIOs, all-in-one admixtures. * Number of PN administrations.
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FIGURE 2
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Changes in utilization rate of MBSs before and after the formulary prescription-based nutrition therapy protocol establishment.

TABLE 3 Utilization rate of pTNA before and after the formulary prescription-based nutrition therapy protocol establishment [case® (%)].

Targeted surgical The before cohort (January to June The after cohort (July 2024 to March P value
departments 2024) 2025)

AlOs MCBs pTNA AlOs MCBs pTNA
General surgery 1,053 440 (41.8) 613 (58.2) 2093 348 (16.6) 1745 (83.4) <0.01
Thoracic surgery 112 90 (80.4) 22 (19.6) 307 150 (48.9) 157 (51.1) <0.01
Total 1,165 530 (45.5) 635 (54.5) 2,400 498 (20.8) 1902 (79.3) <0.01

AlOs, all-in-one admixtures; MCBs, multi-chamber bags; pTNA, personalized total nutrient admixture. * Number of PN administrations.

3.6 Formulary prescription-based nutrition
therapy reduced postoperative
complications in patients with Gl cancers

The incidence of postoperative complications was systematically
compared between the two cohorts. Overall, patients in the after
cohort had slightly fewer complications during the monitoring period,
but these differences were not significant, as shown in Table 7.

4 Discussion

This current study demonstrated that a formulary prescription-
based nutrition therapy can systematically address the challenges
associated with the utilization of PN drugs. PN administration
methods were standardized, individualized PN regimens were
enhanced, perioperative nutrition therapy approaches were optimized
in the surgical patient population. Additionally, the pharmacist-led
PN standardization improved the postoperative clinical outcomes in
patients with GI cancers.

The administration of PN has become more standardized. In the
before cohort, glucose, amino acids, and lipid emulsions were often
administered as separate infusions, a method referred to as MBSs. This
approach has several limitations, including a high risk of infection, an
increased incidence of phlebitis and metabolic complications,
prolonged infusion times, and an increased nursing workload (15).

Frontiers in Nutrition 06

Compared to MBSs, all-in-one PN can enhance the nutrient utilization
efficiency, minimize metabolic complications, reduce infection risk,
and better align with the body’s physiological metabolic processes (14,
18). It is therefore the recommended mode of PN administration.
During the study period (January 2024 to March 2025), the utilization
rate of MBSs showed an overall downward trend both hospital-wide
and in targeted surgical departments. In the before cohort, the decline
in the use of MBSs was primarily attributed to the pre-prescription
review system intercepting orders for this infusion method. However,
this also created another issue: extraordinary PN prescriptions
prescribed by clinicians, especially those with incompatibility issues
and inappropriate nutrients’ ratios were frequently intercepted by the
computerized PN management system in PIVAS. This led to
reluctance among physicians to prescribe all-in-one PN orders. The
implementation of PN formulary prescription effectively resolved this
conflict and was pivotal in achieving and maintaining a sustained
reduction in the utilization rate of MBSs to a lower level in the after
cohort. Concurrently, it significantly enhanced the workflow efficiency
for both physicians and prescription-reviewing pharmacists.

The clinical guidelines of the ASPEN suggested that commercially
available MCBs, together with hospital-customized personalized
TNA, can optimally meet the needs of the majority of patients (13).
Some studies have indicated that MCBs with nutrients mixed and
activated by squeezing when in use significantly enhanced the
efficiency and safety of PN solutions and reduced medical costs (19,
20). While MCBs simplify the compounding process, their nutrient

frontiersin.org


https://doi.org/10.3389/fnut.2025.1733325
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Xu and Mao 10.3389/fnut.2025.1733325
800+ - 100

Cc
=

= -80 ¥

£ 600 = BEm MCBs

]

e} S = pTNA

< - 60 3

‘G 400+ 3 -o- pTNA (%)

5 L40 S

-

£ E

200+

= 20 >

=
0= 0
Q12024 Q22024 Q32024 Q42024 Q12025
L ) L ]
the before cohort the after cohort
FIGURE 3
Changes in utilization rate of pTNA before and after the formulary prescription-based nutrition therapy protocol establishment.

TABLE 4 Changes in nutrition therapy approaches in targeted surgical departments before and after the formulary prescription-based nutrition therapy

protocol establishment [case (%)].

Targeted surgical

Nutrition therapy

The before cohort

The after cohort p-value

departments approaches?® (January to June (July 2024 to
2024) (n, %) March 2025) (n, %)
TEN 5(3.2) 17 (4.1) 0.642
General surgery SPN + EN 23 (14.8) 95 (22.7) 0.038
TPN 127 (81.9) 306 (73.2) 0.031
TEN 53 (30.8) 113 (42.6) 0.013
Thoracic surgery SPN + EN 47 (27.3) 97 (36.6) 0.044
TPN 72 (41.9) 55 (20.8) <0.01
TEN 58 (17.7) 130 (19.0) 0.620
Total SPN + EN 70 (21.4) 192 (28.1) 0.023
TPN 199 (60.9) 361 (52.9) 0.017

TNE, total enteral nutrition; EN, enteral nutrition; SPN, supplemental parenteral nutrition; TPN, total parenteral nutrition. * Nutrition therapy approaches excluded oral nutritional

supplements (ONS) or multiple bottle systems (MBSs).

composition and solution volume are relatively fixed. To ensure the
stability of PN, only limited supplemental additions of vitamins and
electrolytes strictly following the manufacturers’ provided stability
data can be made to MCBs (21). However, in our clinical practice of
perioperative PN therapy for surgical patients, we observed significant
variations in individual requirements for both fluid volume and
energy content among different patients. Specifically, MCBs often
provided excessive fluid volume for certain populations, particularly
elderly patients with impaired cardiac function or those requiring
supplemental PN therapy only. Conversely, switching to lower-volume
MCBs resulted in high osmolality for patients without central venous
access. Therefore, we developed and successfully implemented a series
of standardized PN formulary prescriptions with graded volumes
(from low to high) and progressively increasing energy and protein
content. These PN formulary prescriptions effectively addressed the
limitations of MCBs. Furthermore, as these patients were clinically
stable and did not require specialized nutrition pharmacist
consultations for customized PN regimen design, this approach
significantly conserved medical resources and optimized the nutrition
therapy pathway for perioperative patients. Notably, our hospital is a
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large comprehensive public hospital, equipped with advanced sterile
compounding equipment, standardized compounding procedures for
PN and highly skilled medical staff, capable of preventing errors
during the compounding process.

The formulary prescription-based perioperative nutrition
medication pathways have fundamentally altered nutrition therapy
approaches in surgical care. The ESPEN and the Enhanced Recovery
After Surgery (ERAS) Society guidelines (12, 22) recommend that EN
should be implemented for patients after surgery as soon as possible
if the GI tract works. However, in many cases, energy delivery in
postsurgical patients using EN alone is less than the estimated
requirements for various reasons. A randomized clinical trial (23) and
previous studies (24, 25) have demonstrated that SPN combined with
EN can substantially improve energy delivery after surgery and
prevent energy deficits during the initial postoperative days. Moreover,
SPN combined with EN was associated with reduced nosocomial
infections in patients undergoing surgery and seems to be a favorable
strategy for patients with high nutritional risk and poor tolerance to
EN after major surgery. In the after cohort in this study, both targeted
surgical departments showed a reduction in TPN usage and an
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increase in the approach of SPN combined with EN. The utilization
rate of TEN increased in patients undergoing pulmonary and
esophageal surgeries in the thoracic surgery department, as these
procedures result in minimal disruption to postoperative GI function.
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FIGURE 4
Changes in nutrition therapy approaches in targeted surgical
departments before and after the formulary prescription-based
nutrition therapy protocol establishment.

10.3389/fnut.2025.1733325

To investigate whether the formulary prescription-based nutrition
therapy protocol directly affected the recovery of patients’ nutrition
status, this study continued to analyze the changes in the expression level
of negative (albumin and prealbumin) and positive (C-reactive protein)
acute-phase proteins in patients with GI cancers. Serum albumin is a
recognized factor that reflects the nutrition status of patients and has
been widely used as a predictor of outcome (26, 27), including
postoperative outcome of cancer patients (28). Prealbumin is another
commonly used indicator of nutrition status. Low prealbumin levels
indicate malnutrition, and are associated with sarcopenia and adverse
prognosis (29). Due to its short half-life, prealbumin is more sensitive
than albumin in faster reflecting the function of liver synthesis and
secretion of protein, and the acute changes in nutrition status in the
short-term (30). In some cases, prealbumin levels have been found to be
the best independent nutritional predictor (31). Serum C-reactive
protein significantly increased after 6-8 h of inflammation, which can
be used as an early diagnostic marker of surgical stress (32). C-reactive
protein has also been proved to be an effective predictor of postoperative
complications (33). In clinical practice, prealbumin and C-reactive
protein are often measured simultaneously. Their opposing directional
changes form a “scissor-shaped” divergence, providing a more
comprehensive assessment of inflammatory status and nutritional
conditions. The present study showed that prealbumin and C-reactive
protein were significantly lower or higher, respectively, on POD 1 and
POD 3 for the two cohorts when compared with the preoperative period.
Nevertheless, following the postoperative nutrition therapy, the after
cohort demonstrated higher prealbumin levels and lower C-reactive
protein levels on both POD3 and POD5 compared with the before
cohort. The postoperative serum prealbumin and C-reactive protein
levels were all improved in the after cohort, suggesting that the formulary
prescription-based nutrition therapy protocol improved the
postoperative nutrition status and attenuated the body’s response to the
stress of surgical trauma in patients with GI cancers.

TABLE 5 Changes in the postoperative albumin, prealbumin and C-reactive protein levels among patients with Gl cancers?.

Indicators

The before cohort (January
to June 2024, n = 52)

The after cohort (July 2024 to
March 2025, n = 87)

p-value

Albumin (g/L)

Baseline 39.62 (4.32) 38.84 (4.43) 0.322
POD1 34.14 (4.08) 35.53 (4.51) 0.070
POD3 37.16 (3.17) 38.43 (3.88) 0.089
POD5 38.45 (4.97) 38.97 (4.09) 0.518
Prealbumin (mg/L)

Baseline 178.31 (56.88) 169.69 (57.37) 0.398
POD1 133.57 (41.82) 145.15 (44.64) 0.132
POD3 114.40 (41.95) 130.09 (38.55) 0.034
POD5 131.45 (36.88) 148.02 (33.69) 0.030
C-reactive protein (mg/L)

Baseline 8.44 (5.28) 9.21(5.22) 0.617
POD1 51.75 (21.60) 49.26 (22.21) 0.577
POD3 37.34 (15.65) 29.50 (12.57) 0.027
POD5 25.05 (11.54) 18.53 (10.31) 0.021

GI, gastrointestinal; POD, postoperative day. * Data were presented as mean (SD) unless otherwise indicated.
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Changes in the postoperative (A) prealbumin and (B) C-reactive protein levels among patients with Gl cancers. *p < 0.05.
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TABLE 6 Changes in the postoperative recovery of patients with Gl cancers?.

Indicators

to June 2024, n = 52)

The before cohort (January

The after cohort (July 2024 to
March 2025, n = 87)

Duration of postoperative PN therapy (days) 8.2(3.3) 6.3(2.6) <0.01
Anal exhaust time (days) 3.7(0.5) 2.3(0.4) 0.025
Duration of abdominal drainage (days) 9.6 (2.2) 9.4 (1.8) 0.342
Length of postoperative hospital stay (days) 14.9 (5.1) 12.2 (4.2) 0.021
Length of total hospital stay (days) 18.6 (5.4) 16.9 (5.2) 0.095

GI, gastrointestinal; PN, parenteral nutrition. * Data were presented as mean (SD) unless otherwise indicated.

TABLE 7 Changes in the postoperative complications in patients with Gl cancers?.

Complications

The before cohort (January to June

The after cohort (July 2024 to

2024, n = 52) March 2025, n = 87)
Gl intolerance complications 32 (61.5) 49 (56.3) 0.546
PN-related complications 5(9.6) 5(5.7) 0.393
Infectious complications 7 (13.5) 8(9.2) 0.433
Gastroparesis 2(3.8) 3(3.4) 0.903
Intestinal obstruction 1(1.9) NA /
Anastomotic leak 2(3.8) 2(2.3) 0.598

GI, gastrointestinal; PN, parenteral nutrition; NA, not applicable. * Data were presented as number (percentage) of participants unless otherwise noted.

The nutrition status of patients is associated with the postoperative
recovery and the incidence of postoperative complications. Our
results revealed that the duration of postoperative PN therapy, the
postoperative GI function recovery time and the length of
postoperative hospital stay were significantly shorted in the after
cohort. These indicated that formulary prescription-based nutrition
therapy in patients with GI cancers allowed for a rapid rehabilitation.
However, there were no statistical difference between the two cohorts
in terms of the incidence of complications, which was probably due to
the small sample size and the short follow-up periods.

There were some certain limitations to this study. First, as a
retrospective study rather than a prospective, randomized, controlled
study, the results may be influenced by several interfering factors.
Second, the nutrition therapy strategies investigated were
predominantly focused on surgical departments, and the clinical
outcome measures were confined to patients undergoing GI cancer
surgery. Several indicators of postoperative outcome might be affected
by medical policy or clinical practice. For example, the discharge time
of patients may be affected by the lack of beds and policies related to
the rate of bed turnover. Third, the absence of follow-up data in this
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study prevented an assessment of long-term clinical outcomes of
patients, including prognosis and complications. Notably, with the
continuous advancement and refinement of the National Centralized
Drug Procurement (NCDP) policy (34, 35), the variety of parenteral
and enteral nutrition medicines available in our hospital have been
subsequently adjusted, accompanied by changes in their prices. In
light of this, the present study did not analyze the nutrition therapy
costs for patients. Therefore, future work should focus on (1)
implementing and refining the precise management system for clinical
nutrition therapy, and expanding the coverage to include additional
targeted departments and patient populations, (2) conducting
multicenter cluster randomized controlled trials and economic
evaluation, in order to further reflect the impact of our nutrition
interventions on patients’ clinical efficacy and medical costs.

5 Conclusion

In summary, the formulary prescription-based nutrition therapy
protocol which guided by the pharmacists, significantly promoted the
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rationality of the use of PN agents, the individualization of
perioperative nutrition therapy, and the standardization of
perioperative nutrition therapy pathway. In addition, it is also
beneficial to improve the short-term postoperative nutritional
indicators and recovery outcomes of patients. Subsequent work will
center on evaluating the clinical efficacy and cost-effectiveness of these
nutrition therapy management protocols through multicenter,
prospective clinical trials.

Data availability statement

The original contributions presented in the study are included in
the article/supplementary material, further inquiries can be directed
to the corresponding author/s.

Ethics statement

The studies involving humans were approved by institutional
ethics committee of the Fourth Affiliated Hospital of Soochow
University. 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

MX: Writing - original draft, Visualization, Formal analysis,
Software, Data curation, Methodology. JM: Funding acquisition,
Writing - review & editing, Investigation, Project administration,
Conceptualization, Validation.

References

1. Finucane, TE. Enteral nutrition in hospitalized adults. N Engl ] Med. (2025)
393:415. doi: 10.1056/NEJMc2506662

2. Arends, J, Baracos, V, Bertz, H, Bozzetti, F, Calder, PC, Deutz, NEP, et al. ESPEN
expert group recommendations for action against cancer-related malnutrition. Clin
Nutr. (2017) 36:1187-96. doi: 10.1016/j.cInu.2017.06.017

3. Sowerbutts, AM, Burden, S, Sremanakova, J, French, C, Knight, SR, and
Harrison, EM. Preoperative nutrition therapy in people undergoing gastrointestinal
surgery. Cochrane Database Syst Rev. (2024) 2024:CD008879. doi: 10.1002/14651858.
CD008879.pub3

4. Adiamah, A, Skorepa, P, Weimann, A, and Lobo, DN. The impact of preoperative
immune modulating nutrition on outcomes in patients undergoing surgery for
gastrointestinal cancer: a systematic review and Meta-analysis. Ann Surg. (2019)
270:247-56. doi: 10.1097/SLA.0000000000003256

5. Cui, H, Zhu, M, Chen, W, Shi, H, Cao, W, Dong, B, et al. Nutritional status of elderly
inpatients in China: a multicenter survey. Chin J Geriatr. (2021) 40:364-9.

6. Guenter, P, Blackmer, A, Malone, A, Mirtallo, JM, Phillips, W, Tyler, R, et al. Update
on use of enteral and parenteral nutrition in hospitalized patients with a diagnosis of
malnutrition in the United States. Nutr Clin Pract. (2022) 37:94-101. doi: 10.1002/
ncp.10827

7. Kaegi-Braun, N, Mueller, M, Schuetz, P, Mueller, B, and Kutz, A. Evaluation of
nutritional support and in-hospital mortality in patients with malnutrition. JAMA Netw
Open. (2021) 4:€2033433. doi: 10.1001/jamanetworkopen.2020.33433

8. Stidham, MA, and Douglas, JW. Nutrition support team oversight and
appropriateness of parenteral nutrition in hospitalized adults: a systematic review. JPEN
] Parenter Enteral Nutr. (2020) 44:1447-60. doi: 10.1002/jpen.1864

Frontiers in Nutrition

10.3389/fnut.2025.1733325

Funding

The author(s) declared that financial support was received for this
work and/or its publication. This paper was funded by Suzhou Applied
Basic Research (Healthcare) Science and Technology Innovation
Project [SYWD2024272].

Conflict of interest

The author(s) declared that this work was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declared that Generative AI was not 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.

9. Huang, K, Zhang, P, Zhang, Z, Youn, JY, Wang, C, Zhang, H, et al. Traditional
Chinese medicine (TCM) in the treatment of COVID-19 and other viral infections:
efficacies and mechanisms. Pharmacol Ther. (2021) 225:107843. doi: 10.1016/j.
pharmthera.2021.107843

10. Bai, Y, Zhao, C, and Jiang, M. Analysis of the rationality of perioperative 427
parenteral nutritional prescriptions and the effect of clinical pharmacist intervention.
Chin ] Hosp Pharm. (2017) 37:286-90.

11. Gu, J. Analysis of rationality and irrationality of total parenteral nutrition orders
in pediatric surgery department of our hospital. Smart Healthcare. (2022) 8:170-2.

12. Weimann, A, Braga, M, Carli, F, Higashiguchi, T, Hubner, 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

13. Boullata, JI, Gilbert, K, Sacks, G, Labossiere, R], Crill, C, Goday, P, et al. A.S.P.E.N.
Clinical guidelines: parenteral nutrition ordering, order review, compounding, labeling,
and dispensing. JPEN ] Parenter Enteral Nutr. (2014) 38:334-77. doi:
10.1177/0148607114521833

14. Chinese Medical Association of Parenteral and Enteral Nutrition Branch.
Guideline for clinical application of parenteral and enteral nutrition in adults patients
in China (2023 edition). Natl Med ] China. (2023) 103:946-74.

15. Berlana, D. Parenteral nutrition overview. Nutrients. (2022) 14:4480. doi: 10.3390/
nul4214480

16. Mudarra Garcia, N, Naranjo Pena, I, Olivares Pizarro, SP, Riquelme Oliveira, A,
Granizo Martinez, JJ, Rodriguez Prieto, I, et al. Pre-surgical nutrition support reduces
the incidence of surgical wound complications in oncological patients. Nutr Cancer.
(2020) 72:801-7. doi: 10.1080/01635581.2019.1653473

frontiersin.org


https://doi.org/10.3389/fnut.2025.1733325
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1056/NEJMc2506662
https://doi.org/10.1016/j.clnu.2017.06.017
https://doi.org/10.1002/14651858.CD008879.pub3
https://doi.org/10.1002/14651858.CD008879.pub3
https://doi.org/10.1097/SLA.0000000000003256
https://doi.org/10.1002/ncp.10827
https://doi.org/10.1002/ncp.10827
https://doi.org/10.1001/jamanetworkopen.2020.33433
https://doi.org/10.1002/jpen.1864
https://doi.org/10.1016/j.pharmthera.2021.107843
https://doi.org/10.1016/j.pharmthera.2021.107843
https://doi.org/10.1016/j.clnu.2021.03.031
https://doi.org/10.1177/0148607114521833
https://doi.org/10.3390/nu14214480
https://doi.org/10.3390/nu14214480
https://doi.org/10.1080/01635581.2019.1653473

Xu and Mao

17. Gustafsson, UO, Scott, MJ, Hubner, M, Nygren, ], Demartines, N, Francis, N, et al.
Guidelines for perioperative care in elective colorectal surgery: enhanced recovery after
surgery (ERAS((R))) society recommendations: 2018. World J Surg. (2019) 43:659-95.
doi: 10.1007/500268-018-4844-y

18.Pan, H, Cai, S, Ji, ], Jiang, Z, Liang, H, Lin, F, et al. The impact of nutritional
status, nutritional risk, and nutritional treatment on clinical outcome of 2248
hospitalized cancer patients: a multi-center, prospective cohort study in Chinese
teaching hospitals. Nutr Cancer. (2013) 65:62-70. doi: 10.1080/01635581.
2013.741752

19.Berlana, D, Almendral, MA, Abad, MR, Fernandez, A, Torralba, A,
Cervera-Peris, M, et al. Cost, time, and error assessment during
preparation of parenteral nutrition: multichamber bags versus hospital-
compounded bags. JPEN ] Parenter Enteral Nutr. (2019) 43:557-65. doi: 10.1002/
jpen.1436

20. Turpin, RS, Solem, C, Pontes-Arruda, A, Sanon, M, Mehta, S, Xiaoging Liu, F, et al.
The impact of parenteral nutrition preparation on bloodstream infection risk and costs.
Eur J Clin Nutr. (2014) 68:953-8. doi: 10.1038/ejcn.2014.34

21. Boullata, JI, Berlana, D, Pietka, M, Klek, S, and Martindale, R. Use of intravenous
lipid emulsions with parenteral nutrition: practical handling aspects. JPEN ] Parenter
Enteral Nutr. (2020) 44:5S74-81. doi: 10.1002/jpen.1737

22. Melloul, E, Lassen, K, Roulin, D, Grass, E, Perinel, ], Adham, M, et al. Guidelines
for perioperative care for pancreatoduodenectomy: enhanced recovery after surgery
(ERAS) recommendations 2019. World ] Surg. (2020) 44:2056-84. doi: 10.1007/
500268-020-05462-w

23. Gao, X, Liu, Y, Zhang, L, Zhou, D, Tian, F, Gao, T, et al. Effect of early vs late
supplemental parenteral nutrition in patients undergoing abdominal surgery: a
randomized clinical trial. JAMA Surg. (2022) 157:384-93. doi: 10.1001/
jamasurg.2022.0269

24.Jin, Y, Yong, C, Ren, K, Li, D, and Yuan, H. Effects of post-surgical parenteral
nutrition on patients with gastric cancer. Cell Physiol Biochem. (2018) 49:1320-8. doi:
10.1159/000493410

25. Caccialanza, R, Cereda, E, Caraccia, M, Klersy, C, Nardi, M, Cappello, S, et al.
Early 7-day supplemental parenteral nutrition improves body composition and muscle
strength in hypophagic cancer patients at nutritional risk. Support Care Cancer. (2019)
27:2497-506. doi: 10.1007/500520-018-4527-0

Frontiers in Nutrition

11

10.3389/fnut.2025.1733325

26. Bekhit, OE, Yousef, RM, Abdelrasol, HA, and Mohammed, MA. Serum albumin
level as a predictor of outcome in patients admitted to pediatric intensive care units.
Pediatr Emerg Care. (2021) 37:855-60. doi: 10.1097/PEC.0000000000002567

27.Yu, KH, Ozer, M, Cockrum, P, Surinach, A, Wang, S, and Chu, BC.
Real-world prognostic factors for survival among treated patients with metastatic
pancreatic ductal adenocarcinoma. Cancer Med. (2021) 10:8934-43. doi: 10.1002/
cam4.4415

28. Zengin, A, Bag, YM, Aydin, MC, Kocaaslan, H, Kaplan, K, Sumer, E et al. Is
prognostic nutritional index an indicator for postoperative 90-day mortality in
laparoscopic gastric cancer surgery? Nutr Cancer. (2022) 74:2088-94. doi:
10.1080/01635581.2021.2002920

29. Wang, P, Chen, X, Liu, Q, Liu, X, and Li, Y. Good performance of the global
leadership initiative on malnutrition criteria for diagnosing and classifying malnutrition
in people with esophageal cancer undergoing esophagectomy. Nutrition. (2021)
91-92:111420. doi: 10.1016/j.nut.2021.111420

30. Kuszajewski, ML, and Clontz, AS. Prealbumin is best for nutritional monitoring.
Nursing. (2005) 35:70-1. doi: 10.1097/00152193-200505000-00056

31. Hemdan, A, Abo-Samra, M, Moneir, W, and Salem, MA. Nutritional predictors of
pharyngocutaneous fistula after total laryngectomy: a multivariate analytic
study in a single institution. Auris Nasus Larynx. (2022) 49:454-9. doi: 10.1016/j.
anl.2021.09.005

32. Ortega-Deballon, P, Facy, O, and Rat, P. Diagnostic accuracy of C-reactive protein
and white blood cell counts in the early detection of infectious complications after
colorectal surgery. Int ] Color Dis. (2012) 27:1237. doi: 10.1007/s00384-011-1376-4

33. Tanaka, H, Tamura, T, Toyokawa, T, Muguruma, K, Kubo, N, Sakurai, K, et al.
C-reactive protein elevation ratio as an early predictor of postoperative severe
complications after laparoscopic gastrectomy for gastric cancer: a retrospective study.
BMC Surg. (2019) 19:114. doi: 10.1186/s12893-019-0582-9

34.Li, H, Lin, E Wang, R, Zhu, C, Cao, K, Chen, Y, et al. The impacts of national
centralized drug procurement policy on drug utilization of medical institutions: an
empirical study in a county-level hospital in China. BMC Health Serv Res. (2024) 24:513.
doi: 10.1186/512913-024-10964-7

35. Wang, Z, Wang, K, Hua, Y, Dong, X, and Zhang, L. Impact and implications of
national centralized drug procurement in China. Int J Clin Pharm. (2024) 46:1557-62.
doi: 10.1007/s11096-024-01767-1

frontiersin.org


https://doi.org/10.3389/fnut.2025.1733325
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1007/s00268-018-4844-y
https://doi.org/10.1080/01635581.2013.741752
https://doi.org/10.1080/01635581.2013.741752
https://doi.org/10.1002/jpen.1436
https://doi.org/10.1002/jpen.1436
https://doi.org/10.1038/ejcn.2014.34
https://doi.org/10.1002/jpen.1737
https://doi.org/10.1007/s00268-020-05462-w
https://doi.org/10.1007/s00268-020-05462-w
https://doi.org/10.1001/jamasurg.2022.0269
https://doi.org/10.1001/jamasurg.2022.0269
https://doi.org/10.1159/000493410
https://doi.org/10.1007/s00520-018-4527-0
https://doi.org/10.1097/PEC.0000000000002567
https://doi.org/10.1002/cam4.4415
https://doi.org/10.1002/cam4.4415
https://doi.org/10.1080/01635581.2021.2002920
https://doi.org/10.1016/j.nut.2021.111420
https://doi.org/10.1097/00152193-200505000-00056
https://doi.org/10.1016/j.anl.2021.09.005
https://doi.org/10.1016/j.anl.2021.09.005
https://doi.org/10.1007/s00384-011-1376-4
https://doi.org/10.1186/s12893-019-0582-9
https://doi.org/10.1186/s12913-024-10964-7
https://doi.org/10.1007/s11096-024-01767-1

	Optimizing clinical nutrition practices: impact of a formulary prescription-based nutrition therapy protocol in surgical patients
	1 Introduction
	2 Methods
	2.1 Development and optimization of formulary prescriptions for PN
	2.2 Establishment of a perioperative nutrition medication pathway based on the formulary prescriptions
	2.3 Study design
	2.4 Source of data
	2.5 Statistical analyses

	3 Results
	3.1 Formulary prescription-based nutrition therapy improved the rationality of PN
	3.2 Formulary prescription-based nutrition therapy enhanced the personalization of PN regimens
	3.3 Formulary prescription-based nutrition therapy optimized the approaches of perioperative nutrition support
	3.4 Formulary prescription-based nutrition therapy improved the postoperative nutrition status in patients with GI cancers
	3.5 Formulary prescription-based nutrition therapy accelerated the postoperative recovery of patients with GI cancers
	3.6 Formulary prescription-based nutrition therapy reduced postoperative complications in patients with GI cancers

	4 Discussion
	5 Conclusion

	References

