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ABSTRACT: Total parenteral nutrition (TPN) is the treatment modality of providing intravenous nutrition for patients who cannot get 

oral feeding. Physicians use standard scales, such as NRS-2002 and NUTRIC, for TPN orders. The usage of NRS-2002 in public hospitals 

has been mandatory in Turkey since 2015. The quality management department of Izmir Tire Public Hospital recognized that TPN 

consumption increased dramatically since 2015. The orders, which increased in direct proportion to the number of patients, showed that 

it should be investigated by evaluating their necessity according to nutritional practice standards. The objective of this study is to research 

the effect of e-orders incorporated with a clinical decision support system on TPN consumption. We digitalized the NRS-2002 form and 

added a clinical decision support system to calculate the score and calorie requirements. We found that the total number of NRS-2002 

forms completed by physicians increased by 95%, the number of TPN orders decreased by 41%, and the cost decreased by 38% in 2018. 

This study showed that e-ordering of TPN combined with a clinical decision support system is beneficial for decreasing costs. 

KEYWORDS: Parenteral nutrition (PN), Clinical decision support system (CDSS), intensive care unit (ICU), CPOE, HIMSS, 
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INTRODUCTION 

Parenteral nutrition (PN) is the part of treatment supplying intravenous nutrition to patients when they cannot be fed orally and/or 

they are unable to meet their required calorie through the enteral path. The malnutrition frequency for such patients isbetween 25% 

and 50%, especially in specific patient groups such as oncology and geriatric patients. PN is invasive, costly, and associated with 

potentially severe and harmful difficulties.1 Total parenteral nutrition (TPN) related complications are infection, hepatic dysfunction, 

hyperlipidemia, fluid overload, hyperglycemia, refeeding syndrome, azotemia, and respiratory failure2,3. The TPN team is responsible 

for minimizing these risks and ensuring the maximum benefit from the application. The TPN team manages the implementation decision 

and the evaluation process using international standard scales4,5. Two crucial factors should be noticed when deciding on nutrition risk 

and proficiency of EN (enteral nutrition) in convention energy and protein aims. The Nutrition Risk Screening (NRS-2002) and the 

Nutrition Risk in the Critically III (NUTRIC) elements are used for nutrition risk assessment and identified by American Society for 

Parenteral and Enteral Nutrition (ASPEN) for that goal6. 

It is important to use standard scales in reducing complications that may occur in TPN application7. In standard scales, the use of 

electronic solutions is particularly effective in reducing the problems caused by individual information deficiencies, different 

applications, and errors8. Many studies show that applications managed by using electronic orders lead to reduced errors, decreased 

costs, and increased patient care quality and employee satisfaction 9,10. With the help of Information & Communication Technology 

(ICT) and the internet, the business and service delivery models of today's global environment have been improved rapidly. Hospital 

Information Systems (HIS), as a product of ICT and Internet, provide many benefits starting from operations, administration, control, 

health care, cost control, and efficiency 11. 

The clinical decision support system (CDSS) has been a trendy concept for years in the healthcare information technology (IT) domain. 

Computerized Physician Order Entry (CPOE) is also capable of offering CDSS functions during the order entry in different ways, such 

as suggesting predefined order sets, proposing risk assessment before ordering, and estimating the appropriate diagnosis for the specific 

case 12. Many studies show the benefits of using CDSS in healthcare quality indicators 12,13. Practically, the importance of CDSS has 
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grown enormously, especially when hospitals finalize digital transformation to include Electronic Health Records (EHR) and Clinical 

Information Systems (CIS). Although there is more than one definition for CDSS, it has already been seen as an essential part of EHR 

applications 14. 

CPOE in healthcare is a way to enter orders directly to computers instead of using paper-based forms 15. CPOE enables clinicians to 

order diagnostic tests directly via a computer without needing paper-based test orders, thereby decreasing transcribing errors 16. CPOE 

is also seen as one of the most critical electronic health records components in a hospital 17. The healthcare quality problems 

incorporated with healthcare services orders are recognized into three categories: underuse, overuse, and misuse 18. Even though 

physicians generally spend more time in CPOE than handwriting orders 19,20, many studies showed that CPOE is a very efficient way of 

decreasing overuse, underuse, and misuse in orders 21 and in decreasing medication errors 22. In addition to physicians, many actors 

within the hospital that are involved in the medication order management process triggered by CPOE, such as pharmacists, nurses, unit 

desk clerks, etc. Despite its complexity, the speed of this process is often critical to patient care 17. 

The use of CPOE encompasses a useful process both for patient care and for the user. Closed Loop Medication Administration (CLMA) 

provides a safe medication administration system in hospitals and requires the use of CPOE. CPOE is an inseparable part of the CLMA 

system. Studies with CLMA reveal the benefits of CPOE. In one of our earlier studies, it was observed that the rate of drugs not 

transferred to the claim in 2015, when CLMA was not applied, was 4.4%, while this rate decreased to 0.5% in 2018, when CLMA was 

applied, in the whole hospital, and the loss of income due to claims loss decreased by 83.8%23. 

 

PROBLEM DEFINITION 

Studies have been conducted to determine the use of standards, complications, level of knowledge, and errors regarding TPN 

application in Turkey 24,25. However, while there are common standards and practices to reduce errors or complications in TPN 

applications, no study integrated these with the order system. When hospital records where the study was conducted are analyzed 

retrospectively, a significant increase is observed in TPN order records. (Figure 1). The Ministry of Health’s mandatory policy had an 

effect on this increase. 

The Ministry of Health of Turkey issued a decree at the end of 2015 requiring that TPN requirement of each hospitalized patient be 

assessed using the NRS-2002 form. However, the follow-up and evaluation responsibilities were left to the hospitals. In a Turkish 

public hospital, Izmir Tire Hospital, the NRS-2002 form was added to the hospital’s information system (HIS) just 

after this decree, and physicians were informed about the usage and importance of the form. In 2016, the Clinical Nutrition Support 

Unit (CNSU) was established, and a nutrition nurse was appointed for patient evaluations. The evaluation procedure for this nurse was 

also defined. 26 

Another remarkable point is that the study hospital is validated according to the electronic medical record adoption model (EMRAM) 
27 of health and information management systems society (HIMSS) 28 as Stage 7 in 2016, which means the hospital is a fully digital 

hospital engaging EHR functions to improve patient safety and healthcare quality29. 

The CNSU has been continuously monitoring the number of NRS-2002 forms fulfilled by the physicians, and it was growing as 

expected after the Ministry of Health decree as demonstrated in Figure 1. 

 

   

2015 2016 2017 

Figure 1. The number of NRS-2002 forms completed by physicians 
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The CNSU recognized in 2018 that the utilization of TPN had been remarkably growing over the last three years. The number of TPN 

orders from 2015 to 2017 was 569,426, 621,539, and 632,196 correspondingly. Since physicians have been using the NRS-2002 form 

to assess the patients' TPN requirement, this rapid growth was expected to be related to some other indicators. The CNSU tried to clarify 

whether the rise in TPN orders is reasonable and related to the patient density and variety of patients in relevant years. Table 1 represents 

some numbers such as length of stay, bed occupancy, occupancy rate in the ICU, and 

inpatients per year. As shown in Table 1, the total amount of TPN consumed and the number of TPN in relevant years independently 

increased because of other indicators. 

 

Table 1. Indicators related to TPN consumption 

Indicator 2015 2016 2017 

Number of Patients 569,426 621,539 632,196 

Number of Adult Inpatient 11,362 10,716 10,792 

The occupancy rate at ICU 83.9 87.3 93.3 

The bed occupancy rate at the hospital 88.8 84.1 88.08 

Average Length of stay 5.1 4.9 4.9 

Amount of TPN 735 1,075 1,458 

Amount of TPN per inpatient 97 150 202 

 

As depicted in Figure 1, the number of NRS 2002 fulfilment has been continuously increasing, we recognized that the NRS- 2002 

form is not mandatory for TPN orders within HIS, and some TPN orders have been dispensed without NRS-2002 assessment in 2015, 

2016, and 2017. Thus, it can be suggested that most TPN orders are not appropriate to NRS-2002 criteria. It is thought that the CPOE 

will be effective in solving this problem and it has been integrated into the system. 

 

METHODS 

In this study, quantitative methods and before and after comparisons were done. First, the number of NRS-2002 forms were counted 

manually for the years between 2015 and 2017. Then, total TPN consumption was calculated for the same period from the HIS database. 

Then the HIS was modified to incorporate CPOE for TPN orders, and all TPN orders can be given if, and only if, the physician 

completed the NRS-2002 form electronically. 

Additionally, the CDSS was included in the NRS-2002 form to calculate the NRS-2002 score and the calories that the patient needs 

according to Harris-Benedict and Schofield scores automatically 30. Patients given a score of three or above were reevaluated by the 

nutritional nurse using HIS. If TPN was not indicated or the calorie calculation was missing, the nutrition nurse contacted the physician 

to reach a final decision. HIS enabled an environment for better communication and cooperation between physicians and nutrition nurse. 

Then the results of this application were monitored in 2018, and the data (i.e., number of NRS-2002 forms fulfilled and the total TPN 

consumption) was gathered from the database of HIS. The results are compared here with the previous three years. 

Since the study is quantitative and the scope of data does not cover any patient information directly, all calculations are handled 

anonymously (i.e., the patient identities and demographic information have not been incorporated into any of the calculations). 

 

RESULT 

After implementing mandatory usage of the HIS and NRS-2002 form for all TPN orders, the new procedure yielded a significant increase 
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in the number of NRS-2002 forms completed by physicians by 95% in 2018 over 2017. Figure 2 shows that the number of NR2002 forms 

completed in 2018 is even 54% more than the total number of NRS-2002 fulfilled in the previous three years combined. 

 

                                 2015                                 2016                                 2017                                  2018 

Figure 2. The increase in the number of completed NRS-2002 forms in 2018 

 

This strict control and evidence-based approach yielded a high decrease in TPN consumption in 2018. Although the other indicators 

that can affect TPN consumption are not changed noteworthy in 2018 concerning the previous three years, the number of TPN orders and 

the amount of TPN per patient significantly decreased in 2018, as indicated in Table 2. 

 

Table 2. TPN consumption change in 2018 

Indicator 2015 2016 2017 2018 

Number of Patients 569,426 621,539 632,196 634,373 

Number of Adult Inpatients 11,362 10,716 10,792 10,130 

ICU Occupancy Rate 83.9 87.3 93.3 94.6 

Hospital Bed Occupancy Rate 88.8 84.1 88.08 84.08 

Average Length of Stay 5.1 4.9 4.9 5.1 

Amount of TPN 735 1,075 1,458 853 

Amount of TPN per inpatient 97 150 202 126 

 

Table 2 shows that although the number of patients in 2018 and 2017 are nearly the same, the amount of TPN decreased by 41%. The 

total cost of TPN delivered in 2017 was calculated as 182,250 TL, while it was 106,625 TL in 2018. Thus, the cost saving is 75,625 

TL (approximately 10,500 USD), a 38% savings. This demonstrates that the use of inappropriate TPN has been prevented by usage of 

the HIS with CPOE and CDSS. 

 

DISCUSSION 

Trice et al. indicated that the TPN tends to be associated with higher infectious complications and higher therapeutic costs than enteral 

nutrition. Thus physicians should only order TPN in cases in which it is indeed indicated 31. It has been shown in many studies over the 

years that a nutrition support team recommendations reduce inappropriate TPN orders and hospital costs. One of the earliest studies on 

this topic was published by Roberts and Levine in 1992. According to this study, 14 out of 176 patients had been ordered TPN 
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inappropriately, which caused a total net loss of 62,919 USD 5. Similarly, in 2000, Goldstein et al. found 

that proper staffing reduces TPN costs and complications 32. A more recent study, in 2014, found that TPN decreased by 29% when the 

physicians and nutrition staff are well-educated and encouraged to use guidelines for TPN orders 33. 

Additionally, CPOE and CDSSs have been demonstrated to have a role in decreasing costs in many areas in healthcare, such as 

pharmacy clinical interventions 34, inpatient services 35, prescriptions 36,37, surgical operations 38, and treatment of diseases (i.e., 

cardiovascular diseases, hypercholesterolemia, asthma, etc.) 38,40. 

In addition to these studies, our study, for the first time, found that the CPOE, one of the most critical EHR functions, when supported 

by a CDSS, was also very beneficial by applying clinical guidelines and decreasing unnecessary TPN costs by 38%. Our study shows 

that although there is a nutrition staff, well-designed guidelines, and the health authority regulations (i.e., MoH) to require the 

implementation of those guidelines, lack of digitalization may result in health professionals not applying those guidelines correctly. 

Moreover, TPN consumption may increase out of control even if there is a nutrition committee (i.e., CNSU). 

 

CONCLUSION 

Although paper-based clinical forms are sufficient to assess clinical conditions, they cannot be applied in complex processes efficiently 

and are more open to negligence and errors. Moreover, as seen in this case, the practice can be far from the situation as expected by 

regulation authorities like the Ministry of Health. This study concludes that using CPOE, incorporated with CDSS in HIS, is a very 

beneficial function to decrease the overuse and misuse of TPN in the ICU, the related costs and increase healthcare quality.. Healthcare 

authorities, aiming to increase the healthcare quality indicators, should seriously consider disseminating CPOE and CDSS in all 

hospitals. 
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