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Abstract

Objectives Parenteral nutrition (PN) can be associated with several treatment-related problems (TRPs) and complica-
tions in neonatal settings. Thus, understanding the extent and type of these problems and related factors is pivotal

to prevent negative consequences of these preparations. Thus, the aim of this study is to assess factors affecting TRPs
in neonatal patients receiving PN.

Methods This was a retrospective chart review of neonates receiving PN in NICU and other wards. We collected their
demographics, and laboratory workup. TRPs related to PN preparations as well as their pharmacotherapy were the pri-
mary outcomes.

Results Medical charts of 96 neonate were reviewed. The most encountered TRPs related to patients pharma-
cotherapy were the lack of frequent monitoring (34.2%) and low dose (17.5%). For PN-related TPRs, a mismatch
between patients’ nutritional needs and PN composition was observed in third of the patients. Statistically significant
positive correlations between number of medications during hospital stay and number of reported TRPs [(r=0.275,
p<0.01)and (r=0.532, p<0.001)] were observed.

Conclusion In neonates who receive parenteral nutrition (PN), TRPs are often observed. These problems primarily
arise from issues in patients' pharmacotherapy, namely monitoring and dosing. Identifying the risk factors for these
TRPs emphasizes the full and effective integration of clinical pharmacists into the healthcare team, which can serve
as a potential preventive strategy to lower the occurrence of TRPs.
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What is new?

« Inadequate monitoring, suboptimal doses, and nutri-
tional imbalances are very common TRPs in this
population.

+ The frequency of TRPs is proportionally associated
with the duration of hospitalization, number of med-
ications, as well as renal and liver dysfunction.

+ Individualized therapy based on neonatal nutritional
needs, underlying conditions, and response to ther-
apy, is crucial and yet a novel investigational area.

Introduction

Parenteral nutrition (PN) is a crucial therapeutic
approach utilized for a range of conditions in adults, and
pediatrics [1]. These involve ailments of the gastrointesti-
nal tract (GIT), such as intestinal obstruction, inflamma-
tory bowel disease (IBD), as well as severe malnutrition
and anticipated long-term starvation [1]. In neonatal set-
tings, PN plays a vital role in providing essential nutrients
to infants who are unable to tolerate enteral feeding [2,
3]. However, it also presents unique challenges related
to drug administration due to complexities based on
many factors, such as gestational age and body weight
[2]. The proper application of this complicated therapy
attempts to maximize therapeutic benefit while reduc-
ing the likelihood of unfavorable outcomes. PN formula-
tions must be sterile and contain stable and compatible
components due to the complexity of their composition
and direct delivery into the bloodstream, which is neces-
sary to ensure the safety of patients receiving PN therapy
[1, 4, 5]. Patients may suffer injury from an intravenous
infusion that is incompatible, unstable, or contami-
nated, including major morbidity and even mortality [6,
7]. As a result, PN formulations must be prepared using
strict aseptic processes in accordance with established
guidelines for pharmaceutical compounding [7, 8]. Even
though PN is recognized as a high-alert medicine, a lim-
ited number of organizations have protocols to prevent
dispensing errors and PN-related patient adverse events
[8]. In fact, both the PN preparations as such and the
therapy can potentially cause complications and treat-
ment-related problems (TRPs).

Treatment-related problems, especially in neonatal
patients, receiving PN represent a significant concern in
healthcare settings [1]. The administration of medica-
tions to this vulnerable population requires utmost pre-
cision and attention to ensure optimal patient outcomes
[1]. Understanding the factors that contribute to the
occurrence of TRPs is crucial for the development and
implementation of effective strategies for prevention and
mitigation [9].
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Furthermore, the frequency and type of TRPs within
this context will provide valuable insights into the extent
of the problem within neonatal populations [2]. Identify-
ing potential factors associated with these complications
will enable healthcare professionals to tailor interven-
tions specifically targeting these areas for improvement
[10]. These factors can be related to problems in drug
dosing, drug-drug interactions, or inappropriate admin-
istration. On the other hand, the problems may be related
to medication choice, unnecessary drug therapy, side
effects, or untreated diseases [10, 11].

Pharmacists are among the healthcare providers who
could contribute significantly to this domain. They pos-
sess medical expertise which allows them to manage
medication administration and preparation [7]. As part
of PN team, they can prevent PN-related problems by
providing nutrition support services and the provision
of standard operating procedure upon administering and
dispensing of PN procedures in neonatal settings [12,
13]. Pharmacists’ intervention enhanced nutritional sup-
port, weight attainment by low birthweight infants and
reduced cost of care. This requires interdesciplinary col-
laboration with other healthcare professionals including
nutritionists, nurses, and physicians, who are involved
in this process [14]. Indeed, all the pharmacists’ role is
embedded under the umbrella of pharmaceutical care,
which arranges their responsibilities to achieve the best
health outcome for the patient [15]. Moreover, the phar-
macy profession in PN settings, have been scaled up from
conventional compounding and dispensing to a highly
sophisticated handling, which is incorporate artificial
intelligence and modern technology [7, 16, 17].

Therefore, addressing TRPs and understanding the
associated factors may guide healthcare providers in
adjusting medication management protocols and pro-
moting safer practices when administering drugs via
parenteral routes. Reducing or eliminating TRPs can
improve overall patient safety, enhance treatment out-
comes, and optimize resource utilization within neo-
natology units. This study investigates the frequency
and potential factors correlated with TRPs in neonatal
patients receiving PN. In addition, by identifying these
factors, healthcare professionals can gain insights into
the underlying causes of TRPs and devise interventions
that address them comprehensively.

Methods

Settings and participants

This was a retrospective chart review, that included neo-
nates who are on parenteral nutrition for any duration
at the University of Jordan Hospital over four-month
period. The study was approved by the Jordan University
Hospital International Review Board (IRB) (IRB number:
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109/2023). All patients who attended any hospital ward
and received any type of PN were included in this study.
Patients were excluded if they only received enteral
nutrition.

The following data were collected: demographics such
as age, gender, weight and height, and race. Laboratory
workup was also obtained from patient’s medical files.
PN indication and duration were also documented. PN
was administered through central line in most of the
cases (TPN), while peripheral route was used when there
is partial PN that is used for short-time nutritional sup-
port (<5 days). The osmolarity and pH were checked by
the clinical pharmacist. The standard formula for the
central PN contained 200 ml of 25% dextrose, 30 ml of
3% hypertonic saline, 150 ml of 10% Aminplasmal® (B.
Braun Melsungen AG, Germany), 7.5 ml of 10 mEq KCI,
and then distilled water was added to have a final volume
of 500 ml. Intralipid® (Fresenius Kabi AB, Sweden) was
started at a dose of 1g/kg daily. These percentages were
then adjusted on individual bases.

TRPs were analyzed according to pre-defined classifi-
cation adapted from Cipolle et al. [16] and Aburuz et al.
[17].

Statistical analysis

Data analysis was performed using the Statistical Package
of Social Sciences (SPSS) version 24 (IBM, USA). Contin-
uous variables were presented as mean * standard devia-
tion (SD) or median (Interquartile range), as appropriate,
while categorical variables were described as frequency
(percentages). The Spearman correlation coefficient was
used to measure associations between TRPs and other
variables. Then, those variables that were found signifi-
cant as single predictors were included in multiple linear
regression. Variables were checked for their independ-
ence, where tolerance values>0.1 and Variance Inflation
Factor (VIF) values were <10 to indicate the absence of
multicollinearity between the independent variables
in regression analysis. None of the included variables
showed multicollinearity, thus, none was eliminated. A
p-value of <0.05 was considered statistically significant.

Results

Demographic characteristics and laboratory workup.

A total of 96 subjects were screened for inclusion, all of
which satisfied the inclusion criteria. Table 1 represents
patients’ demographic characteristics. Among all study
subjects, 44.8% (n=43) were females while 55.2% (n=53)
were males with mean weight (+SD) of 1.56+0.60 kg.
All the study subjects were Jordanians, with the vast
majority receiving their PN therapy within the first week
of life (m=94, 97.9%). More than two thirds of the neo-
nates were admitted into NICU (77%, n="74), while the

Page 3 of 8

Table 1 Demographics and laboratory workup of neonates
hospitalized upon birth (n=96)

Variable

Time of PN administration, n (%)

Within first week of birth 94 (97.9)

After one week of birth 221
Weight (Kg), mean+SD 1.56+0.60
Height (cm); mean +SD 39.5+5.07
Gestational age (weeks); mean+SD 31.8£3.50
Gender, n (%)

Males 43 (44.8)

Females 53(55.2)
Ethnic Origin, n (%)

Jordanians 96 (100.0)
Medical indications, n (%)*

Preterm birth (< 37-week of gestation) 79 (82.3)

Sepsis (including suspected) 47 (49.0)

IUGR 5(5.2)

RDS 51(53.1)

IFC 3(3.1)

Others (anemia, poor feeding, hypotonia, PUV) 5(5.2)
Fasting blood Sugar (mg/dl), mean +SD 83.2+188
Triglycerides (mg/dl), mean+SD 8484155
SCr (mg/dl), mean+SD 037+0.18
Albumin (mg/dl), mean+SD 405+197
[Na+] (mmol/L), mean+SD 137.7+4.06
[K+] (mmol/L), mean+SD 5.47+0.91
Blood Urea (mg/dl), median (IQR) 113 (7.67-19.1)
CRP (mg/L), median (IQR) 0.90 (0.50-10.5)

BMI Body mass index, CRP C-reactive protein. I[UGR: Intrauterine growth
retardation. IFC Intrapartum fetal compromise, PUV Posterior urethral valves
RDS: respiratory distress syndrome, SCr Serum creatinine.

*This variable has a total of more than 100% because they are not mutually
exclusive.

remainder were hospitalized in different wards (23%,
n=22), with median duration of hospital stay (IQR) of
33 days (21.3-45.8). The majority were preterm (82.3%,
n=97) with half of them diagnosed with respiratory dis-
tress (RDS) (53.1%, n=>51) and sepsis occurred in almost
half of infants (all of them were preterm neonates).

TRPs and pharmacists interventions

Neonates received a median (IQR) of 3 (2-5) medica-
tions. The median number of disease conditions which
required therapy was 2 (1-3) per patient. Patients had a
median of 7 TRPs (IQR=3-13). Among the study sam-
ple, a total of 929 TRPs were successfully identified and
intervened through by clinical pharmacists, which were
subdivided into 3 major groups namely: TRPs related to
IV medications preparation, TRPs related to patients’
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pharmacotherapy and those related to PN preparation.
Detailed information about each subtype of TRPs is illus-
trated in Table 2 and Fig. 1. We had 27 total TRPs which
are related to IV medications (3.0%), the most common
of which is drug-IV preparation interaction (n=15,
55.6%), followed by inappropriate infusion rate (n=5,
18.5%). Pharmacists received a total of 57 queries from
the nurses regarding IV medication preparations, mostly
being regarding IV medication dose/ preparation/admin-
istration/ infusion rate (=41, 71.9%).
Pharmacotherapy-related TRPs were the most com-
mon type (#=839, 90.3%). Pharmacist interventions
were documented for all these TRPs. The most com-
mon TRPs related to patient’s pharmacotherapy were
inadequate monitoring (34.2%, n=287) followed by
low dose (17.5%, n=147) (Fig. 1). Inadequate monitor-
ing means insufficient repeated testing for drug levels
or relevant laboratory parameters, that are necessary
for the safe and effective use of medications. Amongst
this category of TRPs, more than 75% (n=233, 77.7%)
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were related to infrequent therapeutic drug monitor-
ing (TDM) for amikacin and vancomycin, while the rest
were related to lack of renal and/or liver function tests
assessment, as well as electrolytes and vitamin D levels,
when indicated.

As for PN-related TRPs (n=62, 6.7%), the PN compo-
sition was not matched with patient’s nutritional needs
in more than third of patients (43.2%), which is due to
untoward adjustment of the standard formula accord-
ing to individualized laboratory values by the clinical
pharmacist. Inadequate monitoring was documented
in (n=14, 15.8%). In 11 of the cases, there was no reas-
sessment of triglycerides levels after the administration
of a 20% Intravenous fat emulsion (Intralipid® 20%). In
the other 3 cases, there was infrequent monitoring of
sodium and potassium in spite of abnormalities in these
electrolytes. PN-related complications represented 18.4%
of TRPs including metabolic complications (namely,
hypertriglyceridemia) and electrolytes abnormalities. In
20% of patients, requests about formulation of the PN

Table 2 TRPs related to IV and PN preparations as frequency and percentage

TRPs related to IV preparations with pharmacist intervention N %
Dose is inappropriate 2 74
Drug-IV interaction 15 55.6
Infusion rate is inappropriate 5 18.5
Inappropriate diluent 1 37
Inappropriate storage 1 37
Infusion time not specified 1 37
A photosensitive drug was not protected from light after reconstitution 1 37
IV medication working concentration written wrongly despite right preparation 1 37
Total 27
IV-related queries with pharmacists’ intervention
Asking about IV medication dose/ preparation/administration/ infusion rate 41 719
Asking about IV medication photosensitivity 1 1.8
Asking about IV medication stability 1 1.8
Asking about IV medication storage 1 1.8
Asking about medication compatibility 7 12.3
Asking about medication stability 4 7.0
Asking about oral preparation from IV preparation 2 35
Total 57
TRPs related to PN preparations with pharmacist’s intervention
Drug-PN interaction 3 4.0
Inadequate monitoring 14 184
PN composition is not matched with patient’s nutritional needs (nutritional imbalances) 33 434
PN was complicated 12 15.8
Total 62
PN-related queries with pharmacists’ intervention
Asking about medication-PN compatibility 3 10.0
Asking about PN preparation/composition 27 20.0

Total




Akour et al. BMC Pediatrics (2024) 24:4

Page 5 of 8

DPRsrelated to patients’' pharmacotherapy
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Fig. 1 TRPs related to patients' pharmacotherapy. ADR Adverse drug reaction

preparation were directed and answered by the pharma-
cist (n=27) (Table 2).

Bivariate correlation testing was then conducted to
identify significant associations between the number
of TRPs and other single variables. A positive statistical
correlation exists between the number of medications,
length of hospitalization, with the number of reported
TRPs (r=0.275, p<0.01), (r=0.532, p<0.001), respec-
tively. Moreover, the total number of TRPs was statisti-
cally and negatively associated with neonatal weight
(r=-0.282, p=0.005) and gestational age (r=-0.287,
p=0.006), but positively with blood urea nitrogen (BUN)
(r=0.488, p=0.002), and aminotransferase (ALT)
(r=0.380, p=0.013). Using multiple linear regression, it
was found that the number of medications, duration of
hospital stay, BUN and ALT were significant positive pre-
dictors of number of TRPs according to results in Table 3.

The overall acceptance and implementation rate for the
stated interventions by physicians was 98.7% (1n=1003).
Similarly, a low percentage of interventions rejected, all
of which were related to patients’ pharmacotherapy, with
accepted interventions of 98.6% (n=827) (Table 4).

Discussion

Neonates is a group of vulnerable population that are
susceptible to many TRPS because they receive off-label
drugs and doses that are extrapolated from those of
adults [18]. Additionally, they are usually subjected to
using multiple medications (>5) for various conditions
(polypharmacy) during their hospital stay which leads to
a higher incidence of TRPs in NICUs compared to other
medical wards [19]. It is noteworthy to mention that the

Table 3 Multiple linear regression of factors correlated with
number of TRPs

Variables in the B p-value 95% Confidence Interval
model for

Lower Bound Upper Bound
(Constant) 0.520 -27.64 52.65
Weight -026  0.097 -11.42 1.05
Number of medica-  0.31 0.045 0.05 391
tions
Blood urea nitrogen 063 0.032 0.04 0.85
Duration of hospital 038  0.018 0.04 0.38
stay
Gestational age -0.11 0480 -1.62 0.72
Serum Creatinine -030 0157 -43.55 761
ALT 045  0.009 0.30 1.81
AST -0.232 0456 -0.493 0.231

NICU in the University of Jordan follows clinical prac-
tice guideline (Neofax® and Lexicomp®) that regulate
drugs prescribed to infants. In addition, members of the
team were trained on appropriate aseptic techniques for
the preparation IV drugs, including PN. The presence of
guidelines is essential since lack of reliable sources for
credible information that physicians can use leads to pre-
scribing errors [20].

The median hospital stay for neonates in this study
was 33 days (21.3-45.8) which was relatively long and
correlated to number of TRPs. In fact, longer hospital
stay increases the number of medication errors, which
explains why premature neonates are more prone to
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Table 4 Implementation of pharmacists'interventions related to
pharmacotherapy

TRP category Applied by physician Total
No Yes
Drug without indication 3 52 55
Drug-drug interaction 0 2 2
High dose 1 60 61
High dose/Low dose 0 1 1
Inadequate monitoring 1 286 287
Low dose 2 145 147
Potential/actual ADR 0 12 12
Untreated condition 1 37 38
Others 3 233 236
Total 11 827 839

TRPs compared to term neonates [21]. Similarly, in our
study there was an association between the number
of medications and TRPs; several studies have shown
that the incidence of TRPs increased as the number of
medications was higher [22, 23]. Leopoldino et al. con-
ducted a longitudinal study in Brazil to assess possible
predictors of TRPs in NICU, gestational age, certain
medications (alprostadil, antibiotics, and omeprazole)
and neurological, cardiac, and renal diseases were risk
factors for TRPs in NICUs [24], but neonates on PN
were excluded from the latter study. In a recent pro-
spective study of 78 patients, Diaz et al., identified an
association between prematurity, number of medica-
tions, parenteral nutrition time and negative results
associated with medications [25]. Our study showed
that most neonates are presented with prematurity so
we cannot assess this association. On the other side,
the number of TRPS was proportionally correlated with
renal and liver damage biomarkers, comparable to what
was reported by Leopoldino et al. [24].

Neonates have immature organs that influence the
pharmacokinetics and pharmacodynamics of drugs. As
metabolic pathways mature and infants gain weight,
the concentration of drugs continuously change and
requires meticulous and regular adjustments [26]. Con-
sequently, adequate dosing for each infant is challeng-
ing and highly susceptible to increased toxicities or
reduced efficacy [27]. Moreover, an important TRP that
is related to IV preparations, which constitute a large
majority of drugs administered to neonates, is the sta-
bility of these dosage forms [28]. In our study, neonates
received a median of 3 medications which is lower
than other studies. Leopoldino et al. study revealed a
higher number of medications received by their cohort,
8.28 + 6.11 medicines per patient [29].
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The classification system used for TRPs was developed
and validated in Jordan, while similar studies used dif-
ferent classification systems [29, 30]. The differences in
the classification systems might explain the various fre-
quencies of TRPs in studies. A large percentage of TRPs
related to patients’ pharmacotherapy was concerned with
inadequate monitoring (34.2%). Therapeutic drug moni-
toring is crucial in neonates due to various developmen-
tal changes that produce interindividual variability that
necessitates personalized management of drugs [31].
The shift from generalized treatment to individualized
approach is important to optimize therapeutic manage-
ment of neonates [32]. Another TRP that was frequent in
our study was dose related, especially low dose (17.5%).
This was also revealed in other studies where sub-opti-
mal drug efficacy was predominant [30, 33]. Nunes et al.
showed that most of the identified TRPs were related to
dosing, which indicates a problem in prescription by the
physician [34]. Overdosing is also common in neonates,
Krzyzaniak et al stated in their review that assessed
medication errors in hospitalized patients (including
neonates), that 42% of administration errors were either
under-dose or overdose [35].

In general, the overall acceptance and implementa-
tion rate for the interventions was high (98.72%), which
demonstrates the acceptance of clinical pharmacist inter-
vention and the perception that this group of patients
requires the intervention of all the members of health
care team. It also demonstrates the valuable role that
pharmacists can play in preventing TRPs in neonates.
Similar studies showed a high acceptance rate of inter-
ventions provided by the pharmacists, 93.1% [29].

While many studies evaluated TRPs and associated
risk factors in adults receiving PN, one study focused on
neonates as vulnerable population [23]. Strengths of the
study include using sufficient cohort of neonates from
various hospital wards (not only ICU), and the adoption
of a standard TRPs classification system. Still, this clas-
sification might not be comprehensive in detecting all
potential and actual TRPs. We also assessed the extent
of acceptance of pharmacy interventions by physicians.
However, the retrospective nature of the study, short
duration, and the fact that data was collected from one
institution, might hinder the study’s generalizability.
Longitudinal follow-up studies are necessary to see the
effect of pharmacists’ intervention on the PN outcomes
in terms of both effectiveness and safety.

Conclusion

Despite the presence of clinical guidelines, neonates
who received PN were exposed to different types of
TRPs. Results from this observational study showed that
the most common type was pharmacotherapy-related,
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primarily due to insufficient monitoring frequency as
well dosing errors. Most of the recommendations to
overcome these TPRs were accepted and implemented
by physicians. Thus, Incorporating a clinical pharmacist
fully and efficiently into the healthcare team could poten-
tially serve as a proactive approach to decrease the occur-
rence of these problems.

Acknowledgements
We would like to thank PharmD students at the University of Jordan who
helped with data collection.

Authors’ contributions

AA: conceptualization, study design, paper writeup and proofreading; LG:
conceptualization, paper writeup and proofreading; OE: Data analysis, analysis
writeup; KA: conceptualization, IRB accrual, administration, data collection,
and paper proofreading; NA: data collection and curation; SA: study design,
methodology, paper proofreading; MB: Methodology, paper writeup and
proofreading. All authors reviewed the manuscript.

Funding
This project received no funding.

Availability of data and materials
Data are available upon request from the corresponding author.

Declarations

Ethics approval and consent to participate

The study was approved by the Jordan University Hospital International
Review Board (IRB) (IRB number: 109/2023). Jordan University Hospital
approved access to the data and confirmed that the informed consent was
waived (not needed). This study was evaluated and carried out in accord-
ance with Good Clinical Practice (GCP) stated in the Hospital's Research Policy
(Adm po21/3, Adm po32/1), the Declaration of Helsinki, and the International
Council of Harmonization (ICH).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 1 November 2023 Accepted: 9 December 2023
Published online: 03 January 2024

References

1. Mirtallo J, Johnson D, Kumpf V. Safe practices for parenteral nutrition.
JPEN J Parenter Enteral Nutr. 2004;28(6):539.

2. Boscarino G, Conti MG, Di Chiara M, Bianchi M, Onesta E, Faccioli F, et al.
Early enteral feeding improves tolerance of parenteral nutrition in pre-
term newborns. Nutrients. 2021;13(11):3886.

3. Shulman RJ, Phillips S. Parenteral nutrition in infants and children. J Pedi-
atr Gastroenterol Nutr. 2003;36(5):587-607.

4. Barnett M, Cosslett AG, Duffield J, Evans D, Hall S, Williams D. Parenteral
nutrition: pharmaceutical problems of compatibility and stability. Drug
Saf. 1990;5(Suppl 1):101-6.

5. Driscoll DF. Stability and compatibility assessment techniques for total
parenteral nutrition admixtures: setting the bar according to pharmaco-
peial standards. Curr Opin Clin Nutr Metab Care. 2005;8(3):297-303.

6.  Lumpkin MM. Safety alert: hazards of precipitation associated with paren-
teral nutrition. Am J Health Syst Pharm. 1994;51(11):1427-8.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Page 7 of 8

Katoue MG. Role of pharmacists in providing parenteral nutrition
support: current insights and future directions. Integr Pharm Res Pract.
2018;7:125-40.

Ayers P, Adams S, Boullata J, Gervasio J, Holcombe B, Kraft MD, et al.
ASPEN parenteral nutrition safety consensus recommendations. J
Parenter Enter Nutr. 2014;38(3):296-333.

Mutair AA, Alhumaid S, Shamsan A, Zaidi ARZ, Mohaini MA, Al Mutairi
A, et al. The effective strategies to avoid medication errors and improv-
ing reporting systems. Medicines. 2021;8(9):46.

. Thomson F, Naysmith M, Lindsay A. Managing drug therapy in patients

receiving enteral and parenteral nutrition. Hospital Pharmacist-London.
2000;7(6):155-64.

. Boullata JI. Total Parenteral Nutrition, Multifarious Errors Patient safety

safety network Patient safety safety network 2023 [Available from:
https://psnet.ahrg.gov/web-mm/total-parenteral-nutrition-multifario
us-errors.

. Yang S, Lee BS, Park HW, Choi YS, Jeong SH, Kim JH, et al. Effect of

high vs standard early parenteral amino acid supplementation on the
growth outcomes in very low birth weight infants. JPEN J Parenter
Enteral Nutr. 2013;37(3):327-34.

. Dice JE, Burckart GJ, Woo JT, Helms RA. Standardized versus pharma-

cist-monitored individualized parenteral nutrition in low-birth-weight
infants. Am J Hosp Pharm. 1981;38(10):1487-9.

. Giancarelli A, Davanos E. Evaluation of nutrition support pharmacist

interventions. JPEN J Parenter Enteral Nutr. 2015;39(4):476-81.

. Hepler CD. The future of pharmacy: pharmaceutical care. Am Pharm.

1990;10:23-9.

. Cipolle RJ, Strand LM, Morley PC. Pharmaceutical care practice: the

patient-centered approach to medication management services. (No
Title). 2012.

. AbuRuz SM, Bulatova NR, Yousef AMM, Al-Ghazawi MA, Alawwa IA,

Al-Saleh A. Comprehensive assessment of treatment related prob-
lems in hospitalized medicine patients in Jordan. Int j clin pharm.
2011;33:501-11.

. Allegaert K, van den Anker JN. Adverse drug reactions in neonates and

infants: a population-tailored approach is needed. Br J Clin Pharmacol.
2015;80(4):788-95.

Rashed AN, Wilton L, Lo CC, Kwong BY, Leung S, Wong IC. Epidemiol-
ogy and potential risk factors of drug-related problems in Hong Kong
paediatric wards. Br J Clin Pharmacol. 2014;77(5):873-9.

Sorrentino E, Alegiani C. Medication errors in the neonate. J Matern
Fetal Neonatal Med. 2012;25(Suppl 4):91-3.

Machado AP, Tomich CS, Osme SF, Ferreira DM, Mendonga MA, Pinto
RM, et al. Prescribing errors in a Brazilian neonatal intensive care unit.
Cad Saude Publica. 2015;31(12):2610-20.

Awoke M, Melaku T, Beshir M. Drug-related problems and its determi-
nant among hospitalized neonates with sepsis at Jimma University
Medical Center, Ethiopia: a prospective observational study. J pharm
health care sci. 2021;7(1):20.

AlAzmi A, Ahmed O, Alhamdan H, AlGarni H, Elzain RM, AlThubaiti

RS, et al. Epidemiology of Preventable Drug-Related Problems (DRPs)
Among Hospitalized Children at KAMC-Jeddah: a Single-Institution
Observation Study. Drug, Healthc Patient Saf. 2019;11:95-103.
Leopoldino RD, Santos MT, Costa TX, Martins RR, Oliveira AG. Risk
assessment of patient factors and medications for drug-related prob-
lems from a prospective longitudinal study of newborns admitted to a
neonatal intensive care unit in Brazil. BMJ Open. 2019;9(7):e024377.
Vega Diaz EN, Miranda Barros AA, Castelo Reyna MA, Tenelanda Lopez
D, Tubon I. Negative Outcomes Associated with Medication in Neo-
nates on Parenteral Nutrition Therapy. Pediatr Rep. 2023;15(2):360-72.
Ruggiero A, Ariano A, Triarico S, Capozza MA, Ferrara P, Attina G.
Neonatal pharmacology and clinical implications. Drugs context.
2019;8:212608.

Rodieux F, Wilbaux M, van den Anker JN, Pfister M. Effect of Kidney Func-
tion on Drug Kinetics and Dosing in Neonates, Infants, and Children. Clin
Pharmacokinet. 2015;54(12):1183-204.

Allegaert K, van den Anker J. Neonatal drug therapy: The first frontier of
therapeutics for children. Clin Pharmacol Ther. 2015;98(3):288-97.
Leopoldino RD, Santos MT, Costa TX, Martins RR, Oliveira AG. Drug related
problems in the neonatal intensive care unit: incidence, characterization
and clinical relevance. BMC Pediatr. 2019;19(1):134.


https://psnet.ahrq.gov/web-mm/total-parenteral-nutrition-multifarious-errors
https://psnet.ahrq.gov/web-mm/total-parenteral-nutrition-multifarious-errors

Akour et al. BMC Pediatrics

30.

31

32.

33.

34

35.

(2024) 24:4

Birarra MK, Heye TB, Shibeshi W. Assessment of drug-related problems in
pediatric ward of Zewditu Memorial Referral Hospital, Addis Ababa. Ethio-
pia Int J Clin Pharm. 2017;39(5):1039-46.

De Rose DU, Cairoli S, Dionisi M, Santisi A, Massenzi L, Goffredo BM, et al.
Therapeutic Drug Monitoring Is a Feasible Tool to Personalize Drug
Administration in Neonates Using New Techniques: An Overview on the
Pharmacokinetics and Pharmacodynamics in Neonatal Age. Int j mol sci.
2020;21(16):5898.

Lewis T. Precision therapeutics in the NICU: why are we missing the mark?
J Perinatol. 2018;38(5):444-6.

Ibrahim N, Wong IC, Tomlin S, Sinha MD, Rees L, Jani Y. Epidemiology of
medication-related problems in children with kidney disease. Pediatr
nephrol (Berlin, Germany). 2015;30(4):623-33.

Nunes BM, Xavier TC, Martins RR. Antimicrobial drug-related problems

in a neonatal intensive care unit. Revista Brasileira de terapia intensiva.
2017;29(3):331-6.

Krzyzaniak N, Bajorek B. Medication safety in neonatal care: a review of
medication errors among neonates. Therapeutic advances in drug safety.
2016;7(3):102-19.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 8 of 8

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Treatment-related problems in neonates receiving parenteral nutrition: risk factors and implications for practice
	Abstract 
	Objectives 
	Methods 
	Results 
	Conclusion 

	What is known?
	What is new?
	Introduction
	Methods
	Settings and participants
	Statistical analysis

	Results
	Demographic characteristics and laboratory workup.
	TRPs and pharmacists interventions

	Discussion
	Conclusion
	Acknowledgements
	References


