JOURNAL OF PHARMACEUTICAL POLICY AND PRACTICE

2024, VOL. 17, NO. 1, 2361320 Taylor & Francis
https://doi.org/10.1080/20523211.2024.2361320 Tayor & franisGroup

RESEARCH ARTICLE 8 OPEN ACCESS

A study of pharmacists-joint total parenteral
nutrition in haematopoietic cell transplantation in
accord with diagnosis related groups: A retrospective
clinical research

Le Yang, Lu-lu Qiu, Hui-yi Lv ©© and Miao Li
The Second Affiliated Hospital of Dalian Medical University, Dalian, People’s Republic of China

ABSTRACT

Background: Within Diagnosis Related Groups, based on service capability,
efficiency, and quality safety assessment, clinical pharmacists contribute to
promoting rational drug utilisation in healthcare institutions. However, a
deficiency of pharmacist involvement has been observed in the total
parenteral nutrition support to patients following haematopoietic cell
transplantation (HCT) within DRGs.

Methods: This study involved 146 patients who underwent HCT at the
Department of Haematology, the Second Affiliated Hospital of Dalian Medical
University, spanning from January 2020 to December 2022.

Results: Patients were allocated equally, with 73 in the control group and 73 in
the pharmacist-involved group: baseline characteristics showed no statistics
significance, including age, body mass index, nutrition risk screening-2002
score, liver and kidney function, etc. Albumin levels, prealbumin levels were
significantly improved after a 7-day TPN support (34.92 £ 4.24 vs 36.25 + 3.65,
P=0.044; 251.30+95.72 vs 284.73 +83.15, P=0.026). The body weight was
increased after a 7-day support and before discharge (58.77 + 12.47 vs 63.82
+11.70, P=0.013; 57.61+£11.85 vs 64.92+11.71, P<0.001). The length of
hospital stay, costs and the rate of re-admissions were significantly shortened
(51.10 £ 1.42 vs 46.41 + 1.86, P=0.048; 360,162.67 + 91,831.34 vs 324,070.16 +
112,315.51, P =0.035; 61.64% vs 43.84%, P = 0.046).

Conclusions: Pharmacist-joint TPN support enhances the service efficiency
score of medical units, ensuring the fulfilment of orders and rational
medication.
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1. Introduction

Haematopoietic cell transplantation (HCT) represents a cornerstone thera-
peutic approach for haematologic malignancies. However, during the pre-
paratory phase encompassing haematopoietic stem cell conditioning and
stem cell infusion, patients often contend with distressing symptoms such
as mucositis, severe vomiting and more. These symptoms render enteral nutri-
tion intolerable, necessitating the adoption of parenteral nutrition support
therapy (Evans et al., 2022). The American Society of Parenteral and Enteral
Nutrition (ASPEN) strongly advocates for pharmacist involvement in the Nutri-
tion Support Team (NST) following their completion of a standardised training
programme in parenteral nutrition (PN) support, thus ensuring the delivery of
tailored clinical nutrition support for each patient (Vlug et al.,, 2020). Many
countries proposed to establish a team by a physician, nurse, dietitian or phar-
macist to construct an interdisciplinary NST (Nieto-Gomez et al., 2021; Zhou
et al.,, 2019). In our hospital, clinical pharmacists participate in the nutrition
support especially for total parenteral nutrition (TPN) with professional theor-
etical knowledge in corresponding with the clinical guidelines and expert con-
sensus. Hence, pharmacists assume a pivotal role in this endeavour,
contributing significantly to optimising patient prescriptions and curbing
the irrational utilisation of medications such as proton pump inhibitors
(PPIs) (Wong et al., 2021; Yailian et al.,, 2022; Zhang et al., 2021), anti-infective
drugs (Kooda et al.,, 2022; Pinet et al., 2022; Wang et al., 2020), anticoagulants
(Bartholomew et al., 2023; Gurwitz et al., 2021; Navin et al.,, 2022).

TPN therapy entails the intravenous administration of essential nutrients,
including glucose, amino acids, and intravenous fat emulsions, infused along-
side electrolytes, a diverse array of micronutrients, and vitamins. ASPEN
terms this approach as Total Nutrient Admixture (TNA). It is imperative to meti-
culously consider the concentrations of monovalent and divalent cations, non-
protein energy (NPE) content, amino acids, carbohydrates/lipids, and the NPE/
Nitrogen ratio when preparing TNA. Improper utilisation of TPN can precipitate
metabolic dysfunction, infections, and vascular complications, thereby jeopar-
dising patient prognosis, prolonging hospital stays, and inflating healthcare
costs (Boullata et al,, 2016). Consequently, it's urgently needed pharmaceutical
policy to standardise pharmacist-joint group in TPN application corresponding
to the optimise resource allocation and healthcare service delivery.

Diagnosis Related Groups (DRGs) represent a vital facet of medical insurance
payment systems, meticulously considering various patient-related factors
(Mathauer & Wittenbecher, 2013). By categorising patients into highly homo-
geneous groups with similar healthcare resource consumption patterns, DRGs
demands for pharmacists including service capability, service efficiency, and
quality safety, collectively fostering the rational use of pharmaceuticals within
healthcare institutions (Lang et al., 2023; Sun et al., 2023). HCT has increasingly
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become an essential treatment option for many patients undergoing life-threa-
tening haematologic illnesses (Muskens et al., 2023). Nevertheless, HCT recipients
often endure diarrhoea, dysphagia, which led to terrible nutrition status. Pharma-
cists-joint group play a pivotal role in the management of patients throughout
the TPN formula medication, as well as manifesting in the reduction of TPN-
related complications (Evans et al.,, 2019), curtailment of hospitalisation costs,
and truncation of hospital stay durations (Tong et al., 2022), thereby enhancing
the efficiency, quality, and safety of healthcare delivery.

Nevertheless, a notable deficiency exists in the involvement of pharmacists
in the provision (Shrestha et al., 2022) of TPN support for patients undergoing
HCT within the purview of DRGs evaluation (Shi et al., 2021; Wu et al., 2022).
This study contributes to shed light on the tangible impact of pharmacist par-
ticipation in TPN therapy (Katoue & Al-Taweel, 2016) for patients (Wang et al.,
2019) at risk of malnutrition following HCT within the context of DRGs.

2. Methods
2.1. Pharmacist-joint parenteral nutrition programme

The main researchers of the project are clinical pharmacists specializing in ICU
and nutrition. Both have completed a one-year clinical pharmacist training
programme organised by the Pharmacy Affairs Committee of the Chinese Hos-
pital Association and hold a clinical pharmacist position certificate. They have
been involved in clinical pharmacotherapy as pharmacists for over 10 years.
Pharmacists join the NST which includes other members at least a physician,
nurse and dietitian. Pharmacists assumed a pivotal role in patient nutritional
risk assessment, the development of personalised PN support plans, and the
ongoing monitoring of key nutritional indicators throughout the course of
parenteral nutritional support (Draft statement on pharmaceutical care.,
1993). Currently, no established nutritional risk screening (NRS) tool exists
specifically tailored for patients with haematological malignancies (Table 1).
In accordance with robust clinical evidence and authoritative guideline rec-
ommendations (McClave et al., 2016), patients meeting the criteria of NRS
2002 >3 and exhibiting enteral nutrition intolerance were identified as candi-
dates for PN therapy. Subsequently, the NST devised a standardised protocol
for PN support for patients undergoing haematopoietic stem cell transplan-
tation (Figure 1). This protocol encompassed the formulation of a comprehen-
sive total nutrient admixture support treatment plan.

2.2, Study subjects

The subjects of this study comprised patients admitted to the Department of
Haematology at the Second Affiliated Hospital of Dalian Medical University
from January 2020 to December 2022, who met the following inclusion
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Table 1. NRS-2002 system (Zang et al., 2023).

Impaired nutritional status

Severity of disease

Absent Normal nutritional status Absent Normal nutritional requirements
score 0 score 0
Mild score 1 Weight loss > 5% in 3 months OR  Mild score 1  Hip fracture Chronic patients in
Food intake particular with acute
complications: cirrhosis, COPD
Chronic hemodialysis, diabetes,
oncology
Moderate Weight loss >5% in 2 months OR ~ Moderate Major abdominal surgery, stroke
score 2 BMI 18.5-20.5 + impaired score 2 Severe pneumonia,
general condition OR Food intake haematologic malignancy
25-50% of normal requirement
in preceding week
Severe Weight loss >5% in 1 month (15% Severe Head injury Bone marrow
score 3 in 3 months) OR BMI score 3 transplantation Intensive care

patients (APACHE Il > 10)
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Figure 1. Nutrition Risk Screening 2002 in total parenteral nutrition.

criteria: (I) aged > 18 years; (Il) patients who had undergone HCT and under-
gone a complete nutritional assessment. Exclusion criteria included: (I) concur-
rent solid tumours; (ll) coexisting significant organ disorders affecting the
heart, lungs, liver, or kidneys; (lll) concomitant digestive system diseases.
Nutritional risk screening using the NRS 2002 tool was conducted by pharma-
cists for all patients. Patients who received pharmacist consultations in the
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formulation of their PN supportive treatment plans were categorised into the
pharmacist-joint group, while those without pharmacist involvement in PN
plan development were placed in the control group. It is worth noting that
pharmacists assessed nutritional risk but did not participate in the creation
and monitoring of nutritional regimens.

Parenteral nutrition was initiated when the patient’s food intake decreased
by 50% within a week. For patients undergoing HCT, the daily calorie target
was set at 1-1.3 times of base energy expenditure (BEE) or given adjusted
body weight x 25-30 kcal with standard body weight. BEE of patients was cal-
culated according to Harris-Benedict formula. The adjusted body weight of
overweight patients with BMI > 24 kg/m? was calculated using the following
formula (Mizutani et al., 2023):

BEE(men) = 66.47 + (13.75 x weight) + (5.0 x height) — 6.76 x age
BEE(women) = 655.1 4+ (9.56 x weight) + (1.85 x height) — 4.68 x age.

Adjusted body weight = (actual body weight — standard body weight)
x 1/3 4 standard body weight.

2.3. Propensity scoring match

Data were collected from all hospital discharge records, which include infor-
mation on the patient’s demographic characteristics. To compare the out-
comes of TPN and non-TPN patients, a propensity score matching
procedure was performed using a 1:1 propensity score matching analysis
was conducted using the nearest-neighbor method with a calliper of 0.20
with no replacement (Figure 2). All baseline variables included in the

2020.01.01~ 2022.12.31
Patients administered to HCT
(n=415)

"—> Age <18 (n=124)

Adult patients administered to
HSCT (n=291)

».| Abnormal complications

L

v of liver and kidney (n =72)

Adult patients administered to
HSCT (n=219)

"_>| Data deficienc (n = 73) l

Propensity score matched
IControl (n = 73)[ TPN (n=73)

Figure 2. Patients allocations after propensity scoring match.
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matching model are listed in Supplementary Table 1. In particular, all index:
age, gender, diagnosis, type of transplant, height, weight, body mass index,
NRS-2002, glutamic-pyruvic transaminase, glutamic oxalacetic transaminase,
creatinine, albumin, prealbumin, hemoglobin were taken into consideration.
The adequacy of covariate balance in the matched sample was assessed via
standardised mean differences between the two groups. Patients, for
whom no match was found, were discarded from the matched analyses.
Odds ratios with their 95% confidence intervals (95%CI) were computed
using logistic regression models, adjusted for propensity score as covariate.
2-tailed P-values less than 0.05 were considered significant. The statistical
analysis was performed using IBM SPSS Statistics v27.0 (SPSS Inc. Chicago,
Illinois, USA).

2.4. Data source

Patient clinical information and pertinent parenteral nutrition details were
extracted from electronic medical records, encompassing: (I) patient demo-
graphics such as age, gender, weight, transplant type, haematological assess-
ments, length of hospital stay, hospital costs, and the incidence of unplanned
readmissions; and () TPN prescriptions.

2.5. Cost discounting

Given the duration of this observational study exceeded one year, hospital
costs were subjected to discounting, adjusted to 2022 values using a discount
rate of 5% (China Guidelines for Pharmacoeconomic Evaluations, 2020). The
formula for cost discounting was as follows: cost after discount = current
cost x (1 + discount rate) (Mumber of discount years)

2.6. Statistical analysis

Data analysis was performed using SPSS version 23.0 software. Pearson’s chi-
square test was employed to assess the distribution of categorical data
between groups. Continuous variables were presented as mean + standard
deviation (X +SD) or as median (P25, P75) as appropriate. Statistical signifi-
cance was defined as P < 0.05.

3. Results
3.1. Basic clinical information of patients

A total of 146 patients were enrolled in this study. Before group matching,
the gender of the control group showed difference from the TPN-joint
group (P <0.001). The prealbumin of the TPN group was higher than that
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of the control group (250.05+95.54 vs 307.87 +133.82, P<0.001). The
glutamic oxalacetic transaminase of the TPN group was lower than the
control group (31.59+23.37 vs 21.62+17.21, P<0.001). To minimise the
effect of baseline nutrition status on the outcomes, propensity score match-
ing were conducted, and 73 patients from the pharmacist-joint group were
matched to 73 patients in the control group (Supplementary Table 2). The
similar gender, prealbumin and glutamic oxalacetic transaminase of
both groups control group vs TPN group: gender: 46.8% vs 53.2% (Male),
P =0.507; prealbumin: 292.82 +77.35 vs 316.39 + 133.42, P =0.194; glutamic
oxalacetic transaminase: 26.78 = 54.49 vs 30.54 + 68.40, P=0.714. The age
of patients was ranged from 18 to 62 years, with an average age of (37.68
+ 12.45) years, consisted of 78 males (53.42%) and 68 females (46.58%).
Other baseline characteristics, including weight, body mass index (BMI), diag-
nosis, type of transplant, nutrition risk screening-2002 score (NRS-2002), as
well as kidney function, exhibited no significant disparities between the
two groups.

3.2. Comparison of TPN formulations

TPN formulations were compared between the two groups. Results illustrated
the comparison of TPN parameters, including non-protein energy (NPE),
amino acid content, energy composition, and the NPE to nitrogen ratio
(NPE/N). The proportion of patients receiving NPE at the recommended
range of 20-35 kcal/kg/day was significantly higher in the pharmacist-joint
TPN group (81.1%) compared to the control group (14.9%) (P < 0.001). Con-
sistent with guidelines, 85.1% of patients in the pharmacist-joint TPN group
met the recommended amino acid dose of 1.0 g/kg for patients with
normal renal function, while only 20.3% of patients in the control group
reached this standard (P <0.001). The energy composition ratio of fat and
carbohydrates, as per the guideline recommendation of up to 50%, met by
90.5% of patients in the pharmacist-joint TPN group, contrasting with only
16.2% in the control group (P < 0.001). The proportion of TPN regimens con-
forming to the recommended NPE/N ratio of 100-200 kcal/g nitrogen was
93.2% in the pharmacist-joint TPN group, while it was 23.0% in the control
group (P < 0.001, Figure 3).

3.3. Impact on clinical outcomes

To assess the influence of pharmacist-joint TPN standardisation on clinical
outcomes, the postoperative nutritional status of patients was evaluated. Fol-
lowing 7 days of TPN support, the pharmacist-joint group exhibited signifi-
cantly higher levels of albumin (36.25 g/L) compared to the control group
(34.92 g/L) (P<0.05). Prealbumin level were also notably higher in the
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Figure 3. The total parenteral nutrition formula of two groups. The TPN indicators
consist of non-protein energy, amino acid, fat energy/NPE and NPE /nitrogen. Data
were expressed as the ratio of reaching the standard.

pharmacist-joint group (284.73 mg/L) than in the control group (251.30 mg/
L) (P < 0.05). The body weight of the pharmacist-joint TPN group (63.82 kg)
was significantly higher than that of the control group, which had an
average weight of 58.77 kg (P < 0.05). Hemoglobin levels in the pharmacist-
joint TPN group (81.12 g/L) showed an increasing trend compared to the
control group (77.84 g/L), with no statistically significant difference observed.
Furthermore, before discharge, the body weight of the pharmacist-joint TPN
group (64.92 kg) remained significantly higher than that of the control group
(57.61 kg, P < 0.05). Albumin level exhibited an increasing trend in the phar-
macist-joint group (34.5 g/L) in comparison to the control group (33.63 g/L).
Prealbumin level in the pharmacist-joint TPN group (260.28 mg/L) showed a
higher trend than in the control group (249.06 mg/L), although no statistically
significant difference was noted between the two groups. Hemoglobin levels
in the TPN group (80.62 g/L) were higher than those in the control group
(80.55 g/L), with no significant intergroup difference observed (Figure 4).
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Figure 4. Pharmacist-joint TPN improved nutritional status after 7 days of nutritional
support and before discharge. The nutritional indicators of two groups including (A)
albumin (g/L), (B) prealbumin (mg/L), (C) hemoglobin (g/L) and (D) weight (kg). Com-
pared to the pharmacist-joint group, *P < 0.05 or **P < 0.01 as significant difference.
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3.4. Impact on DRGs assessment

Evaluation of key healthcare metrics revealed notable differences between
the two groups. The average length of hospital stay in the pharmacist-joint
TPN group (46.41 days) was significantly shorter than that in the control
group (51.10 days) (P < 0.05). Hospital costs for the pharmacist-joint group
(¥ 324,070.16) demonstrated a marked reduction compared to the control
group (¥ 360,162.67) (P < 0.05, Figure 5).

4, Discussion

This study demonstrates the substantial benefits of pharmacists’ involvement
in TPN support for patients undergoing HCT, aligning with the evolving direc-
tion of healthcare institutions following the implementation of DRGs. After a
7-day period of PN support, patients in the pharmacist-joint group exhibited
significant improvements in albumin levels, prealbumin levels, and body
weight. Furthermore, before discharge, patients in the pharmacist-joint
group experienced a noticeable increase in body weight. Importantly, the
length of hospital stay was significantly shorter, and hospital costs were
notably reduced in the pharmacist-joint group. Additionally, pharmacist
involvement in TPN support during HCT was found to significantly reduce
the rate of re-admissions.

DRGs, initially originating in the United States, represent a prevalent
method for classifying diseases, grouping cases with similar clinical treatment
processes or resource consumption. Since the implementation of DRGs has
demonstrated positive outcomes in reducing medical costs and shortening
average hospital stays, many countries have sought to adopt its mechanisms
and adapt them to their specific contexts. In China, the internal mechanism of
DRGs, often referred to as ‘balance retained’ and ‘postpaid to prepaid,’ has
gained prominence. Chinese public hospitals rely on generating revenue
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Figure 5. Pharmacist-joint TPN improved service efficiency of HCT patients. The DRGs
indicators of two groups including (A) the length of hospital stay (day), (B) hospital
cost (10,000 yuan) and (C) re-admission rate (%). Compared to the pharmacist-joint
group, *P < 0.05 as significant difference.
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through service provision rather than relying on public funds or government
budgets, making them particularly responsive to the financial incentives
introduced by DRGs (Zou et al., 2020). The implementation of DRGs has incen-
tivised hospitals to enhance the quality and efficiency of medical services
while concurrently reducing medical costs. The misuse of TPN, considered
a high-alert medication, can lead to complications such as parenteral nutri-
tion-related liver injury, fat overload syndrome, and glucose metabolism dis-
orders, all of which contribute to prolonged hospitalisations, increased costs,
and elevated re-admission rates — factors directly impacting the ‘balance
retained.’” Rational utilisation of TPN support therapy not only significantly
enhances patient nutritional levels but also mitigates TPN-related adverse
reactions, thus favourably contributing to the quality and efficiency of
medical services. This aligns with the needs of high-quality healthcare devel-
opment and financial incentives in hospitals operating under the backdrop of
DRGs (Trissel, 2012).

The implementation of DRGs places considerable emphasis on three key
medical indicators: length of hospital stay, hospital costs, and re-admission
rates, all of which directly affect the ‘balance retained.” Our study found that,
compared with the control group, patients receiving TPN support from phar-
macists experienced significantly shorter hospital stays, indicating a marked
improvement in hospital service efficiency. Furthermore, the hospital costs
for HCT patients were significantly reduced when pharmacists were involved
in TPN support, aligning with the imperative of cost control in hospitals
post-DRGs implementation. Re-admission rates, closely linked to increased hos-
pital costs, were also examined as an outcome measure of inpatient healthcare
utilisation. We observed that pharmacist-joint TPN support for HCT patients
could effectively reduce the re-admission rate. In summary, pharmacist-joint
TPN support enhances service efficiency and reduces hospital costs, congruent
with the evolving objectives of hospitals post-DRGs implementation.

Nutritional status plays a pivotal role in the quality of life and overall
well-being of cancer patients. Malnutrition and weight loss are common
contributors to mortality in this patient population (LeCompte & Brawley,
2023). Nutrition support therapy is especially relevant for HCT patients experi-
encing moderate to severe graft-versus-host disease (GVHD), coupled with
poor oral intake and significant malabsorption (August & Huhmann, 2009).
TPN, a well-established method of nutritional support, has been shown to
enhance the nutritional status, overall survival, time to recurrence, and
disease-free survival of HCT patients compared to 5% glucose solution
hydration containing electrolytes, minerals, trace elements, and vitamins.
Our results showed that PN support significantly improved albumin levels,
prealbumin levels, and body weight. TPN support comprehensively improves
the nutritional status of HCT patients unable to orally consume food, thus
underscoring its therapeutic significance (Mousavi et al., 2013).
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Pharmacists, when integrated into the Nutrition Support Team, contribute
to individualised TPN support for HCT patients based on standardised proto-
cols. The NST formulates tailored TPN prescriptions for each patient, encom-
passing appropriate non-protein energy content, amino acid dosages and
types, as well as judicious carbohydrate/lipid and NPE/nitrogen ratios. The
results of our study highlight that pharmacist-joint TPN services lead to sig-
nificant enhancements in the nutritional status and clinical outcomes of
HCT patients compared to those without pharmacist involvement.

In this study, we measured serum albumin levels, prealbumin levels, and
body weight as key indicators of nutritional status. Serum albumin, widely
used as a predictor of disease outcomes, holds particular relevance in HCT
patients (Brock et al., 2016; Fang et al., 2020; Horsley et al., 2005; Yu et al.,
2021). Prealbumin, characterised by a shorter half-life compared to
albumin, offers superior sensitivity in assessing short-term nutritional
changes (Mkhize et al., 2018; Ranasinghe et al., 2022). Our findings indicate
that the average albumin and prealbumin levels were higher in the pharma-
cist-joint group after 7 days of TPN support, underscoring the ability of phar-
macist involvement to improve the nutritional status of HCT patients.

Weight loss is of prognostic significance in cancer patients, with survival
often compromised in those experiencing pre-treatment weight loss (Bekhit
et al., 2021). Weight loss in HCT patients may be attributed to the gastrointes-
tinal toxicity of chemotherapy, GVHD post-transplantation, and the use of
immunosuppressive agents (Kamiya et al, 2019). The previous reports
showed that body weight loss before HCT is associated with survival outcomes
(Tamaki et al., 2021). Our study showed that patients in the pharmacist-joint
TPN group exhibited a significant increase in body weight after 7 days of
TPN support compared to the control group. Hence, the data suggested that
the positive impact of pharmacist involved in patient prognosis.

5. Limitations

This study has certain limitations. Firstly, it represents a single-center retro-
spective study, rather than a prospective one. Secondly, the sample size is
relatively small compared to prospective studies. Therefore, future studies
should focus on elaborately designed, multi-center, and prospective investi-
gations with larger sample sizes. Such refined management is required to
substantiate the role of pharmacists in TPN support therapy for HCT patients
at nutritional risk within the framework of DRGs.
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