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ABSTRACT
Background: Industrially premixed multichamber bags or hospital-manufactured compounded 
products can be used for parenteral nutrition. The aim of this study was to compare the cost of 
these 2 approaches.
Materials and Methods: Costs of compounded parenteral nutrition bags in an university hospital 
were calculated. A total of 600 bags that were administered during 34 days between December 
10, 2009 and February 17, 2010 were included in the analysis. For quality control, specific gravity 
evaluation of the filled bags was performed. 
Results: It was calculated that the variable cost of a hospital compounded bag was $26.15. If we 
take the annual fixed costs into consideration, the production cost reaches $36.09 for each unit. 
It was estimated that the cost for the corresponding multichamber bag was $37.79. Taking the 
fixed and the variable costs into account, the breakeven point of the hospital compounded and 
the premixed multichamber bags was seen at 5,404 units per year. In specific gravity evaluation, it 
was observed that the mean and interval values were inside the upper and lower control margins. 
Conclusion: In this analysis, usage of hospital-compounded parenteral nutrition bags showed a 
cost advantage in hospitals that treat more than 15 patients per day. In small volume hospitals, 
premixed multichamber bags may be more beneficial.
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Parenteral nutrition (PN) is used to provide 
nutritional support for patients who are unable 
to consume adequate nutrients via an oral or 

enteral route. Two types of products for paren-
teral nutrition are available: industrially premixed 
multichamber bags and hospital-compounded 
individualized admixtures. Industrially premixed 
products, which contain macronutrients and elec-
trolytes in various amounts and volumes, are avail-
able commercially. Some hospital pharmacies that 
have appropriate facilities can locally produce 
parenteral nutrition solutions that are tailored to 
the patients’ specific requirements. Considering the 

health care policy of the local authority, hospitals 
decide which approach meets their requirements in 
terms of clinical effectiveness and economical effi-
ciency. Few studies in the literature compare the 
costs of different PN application systems, and most 
studies favor the premixed multichamber bags.1-3 

The aim of this study was to provide a cost com-
parison of the administration of hospital-compounded 
and premixed multichamber bags in PN. From the 
operational point of view, the production procedures 
have also been examined and the statistical quality 
control process has been analyzed. 

http://crossmark.crossref.org/dialog/?doi=10.1310%2Fhpj4902-170&domain=pdf&date_stamp=2014-02-01


Cost Analysis for Parenteral Nutrition

Hospital Pharmacy 171

EXPERIMENTAL METHODS
Study Population

This study was performed in an university hos-
pital with 1,200 patient beds that received qual-
ity approval by the Joint Commission International 
(JCI) in 2007 and that has been producing PN solu-
tions in the in-house pharmacy according to GMP 
(good manufacturing practice) guidelines for the past 
15 years. All-in-one admixtures are prepared in a 
pharmacy-based central intravenous admixture ser-
vice area on a daily basis, and physico-chemical and 
microbial stability of the admixtures are tested rou-
tinely. GMP is a quality standard (materials, room 
conditions, equipment, employees, documentation, 
distribution, etc) that must be followed for manufac-
turing all-in-one admixtures.4 The current daily out-
put is approximately 20 PN bags for adult patients 
and 25 PN bags for newborn and pediatric patients. 
Only adult patients were included in the study; PN 
formulas were prescribed to meet the patients’ needs 
by the nutritional support team. In practice, the 
requirements for energy, protein, and fl uid were 25 to 
30 kcal, 1.0 to 1.5 g protein, and 30 mL fl uid per kg 
of body weight per day. Vitamins and trace elements 
were supplemented in the recommended amounts. 

Data were evaluated retrospectively for patients 
receiving PN between December 10, 2009 and Feb-
ruary 17, 2010. During these 70 days, a total of 85 
patients received 1,370 compounded PN bags. Of 
these patients, 39 received peripheral, 35 received 
central, and 11 received both peripheral and central 
PN. Among these 1,370 PN bags, randomly selected 
300 central and 300 peripheral compounded admix-
tures that were based on standard formulations were 
included in the analysis. 

Statistical Quality Control (Specifi c Gravity 
Measurement)

Various methods exist for measuring quality 
control, one of which is preparing control charts to 
represent the sample data, such as the X-bar chart 
and the R chart. This type of procedure generally has 
been conducted for standard production processes 
across different industrial areas. Our objective was to 
adapt this kind of methodology to the hospital manu-
facturing process. Therefore, we had to compose a 
uniform sample group of hospital-compounded bags 
for which we would be able to develop and inter-
pret control charts. As most of the central admixtures 
are tailored to patient’s needs, peripheral admixtures 
were selected to achieve more standard formulations. 

Consequently, we randomly selected certain periph-
eral admixtures that were used almost every day 
(43% of the daily hospital-compounded PN bags). 
The content of the admixtures has been broken down 
in terms of macronutrients: 824 mL 8.5% standard 
amino acid solution, 280 mL 20% olive oil–based fat 
emulsion, 1,235 mL 20% dextrose solution, and 500 
mL 0.9% sodium chloride (NaCl) solution. 

Measurements of specifi c gravity were carried 
out by means of a highly sensitive balance (Precisa 
XB620 A; Precisa Gravimetrics AG, Dietikon, Swit-
zerland). First, the weights of empty bags were deter-
mined. Then, the average weight of 30 bags, which 
had been selected randomly, was added to all fi lled 
bags as a standard value (62,86 g for 2 L container, 
and 75,23 g for 3 L container). We applied a differ-
ent method for weighing the fi lled bags. Just prior 
to the fi lling process, a label was affi xed to each bag 
that had been designated for a particular patient, pro-
viding data concerning the nutritional components. 
Next, the fi lling procedure was performed by the 
compounding devices. In this study, a conversion cal-
culation was carried out for each component that was 
available in liquid form and thus presented a value 
in milliliters. As each liquid had a different concen-
tration, and consequently a different density value, 
the content of each bag was converted into milligram 
values according to the label value (mL). In addition, 
weights of empty bags and labels, which had been 
accepted as standard values, were included into the 
calculation. After completing the weighing process to 
a high degree of accuracy, we matched each measured 
value with the expected value to determine the stan-
dard deviation. To perform statistical methods, dif-
ferent modules of POM-QM for Windows software 
(Howard J. Weiss) were applied, such as Quality Con-
trol and Breakeven Analysis. On the fi nancial side, 
the fi scal level of given alternatives was represented.

Cost Calculation
Our methodology for the cost comparison was 

based on macronutrient contents and fi xed costs. As both 
premixed multichamber and hospital-compounded par-
enteral solutions do not contain micronutrients, such 
as vitamins and trace elements, these are added into 
the admixtures just prior to infusion. These additional 
costs have been regarded as identical for both groups 
and have not been included in the analysis. Similarly 
costs that were identical, such as central venous cath-
eters, dressings, disposal, and transport services, were 
not included in the calculation. Due to the fact that this 
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hospital does not purchase commercially manufactured 
multichamber bags, the cost calculation for multicham-
ber bags was based on the prices that manufacturers sell 
these products to other university hospitals in the same 
city. The total consumption of stock solutions of amino 
acid solutions, dextrose, and lipids was determined as 
listed in Table 1.

In addition to the variable costs, fi xed costs were 
calculated. Fixed costs involve the preparation pro-
cess for PN solutions when these are compounded 
from stock solutions in the hospital pharmacy. 
Fixed costs mainly include labor costs, depreciation 
expenses of equipment, consumption of disposables, 
energy consumption, and costs related to cleaning 
and disinfection. For compounding, Automix 3+3 
compounding system (Baxter Healthcare Corp., 
Deerfi eld, IL) is used. The laminar fl ow workstation 
is placed in a temperature- and humidity-controlled 
environment. Testing and validating the laminar fl ow 
cabinets is done periodically in house. In accordance 
with the standard operating policies, which apply in 
most of the European countries, the admixing pro-
cess must be carried out under the supervision of a 
pharmacist. Thus, the labor cost of the pharmacist 
has been included in the calculation, whereas a par-
tial amount of the pharmacist’s salary has been con-
sidered as a fi xed cost for the premixed multichamber 
bags. Labor costs also include cleaning, maintenance, 
and microbial testing. To compare the existing hos-
pital-compounded admixtures with premixed mul-
tichamber bags, we considered factors such as total 
volume, total calories, total nonprotein calories, total 
protein, and type of lipid emulsion. The costs were 
based upon the actual volumes used. The price of the 
premixed multichamber bag that is available in the 
market that matches best with the compounded for-
mula was used for cost calculation. 

RESULTS
The infrastructure of this university hospital is 

adequate for compounding parenteral solutions in the 
hospital pharmacy. The area in which the compound-
ing devices are located is convenient in terms of sterile 
conditions and operates according to parenteral nutri-
tion GMP guidelines. When the hospital-compounded 
bags were evaluated in terms of their specifi c gravity 
measurement, they met acceptable quality control lim-
its. Mean and interval values of the sample data were 
within the upper and lower control limits. One can 
claim that the compounding operates accurately with 
respect to the process competence.

Table 2 shows the fi xed costs at the annual base. 
We prorated the fi gure obtained for 600 bags to 
one full year to determine an estimate. If we assume 
that the annual need for adult PN is 7,000 bags, 
it is likely that the yearly variable production cost 
would amount to $183,065. Provided that this insti-
tution makes a fi xed capital investment of $69,565 
at the annual base, the total expenses will be about 
$252,630 per year. Under these conditions, the fi nal 
cost per bag will be $36.09; clearly this is an approxi-
mate value. 

Variable costs, consisting of stock solutions, con-
tainers, and transfer sets, constituted the major part 
(72%) of the total cost. Manpower cost was about 
23% of total costs. 

Table 3 demonstrates the distribution of indus-
trial premixed multichamber bags that were consi-
dered in the cost analysis. Using our hypothetical 
approach, the mean PN bag cost for single premixed 
multichamber bag was found to be $37.79. 

Control Diagrams and Process Control for Variables
Control diagrams, such as the X-bar chart and 

the R chart, are used for monitoring the constant 

Table 1. Consumption of stock solutions, containers, and transfer sets for 300 peripheral and 300 central 
admixtures (500 mL solutions were used)

Peripheral admixtures Central admixtures

Solution Total amount Purchase price 
(USD)

Solution Total amount Purchase price 
(USD)

8.5% amino acid 415.62 2,092.00 10% amino acid 415.56 2,183.33

20% lipid 151.52 1,909.33 20% lipid 179.52 2,262.00

20% dextrose 600.36 976.66 30% dextrose 520.47 864.00

2L/3L container 300 1 ,50.00 2L/3L container 300 1,750.00

Transfer set 34 952.00 Transfer set 34 952.00

Total cost 7,679.99 Total cost 8,011.33



Cost Analysis for Parenteral Nutrition

Hospital Pharmacy 173

data. A control diagram related to the mean (X-bar) 
reveals the variability among the sample averages and 
stresses a deviation that occurs in the process average. 
An R chart monitors the variability among the sam-
ples and points out the variability in the data range. 
Figures 1 and 2 demonstrate the charts related to the 
mean and interval of the peripheral PN solutions that 
have been produced in the hospital pharmacy. As can 
be observed, X-bar and R values are within the upper 
and lower limits. It can be claimed that the Automix 
3+3 (Baxter Healthcare Corp.) compounding device 
operates properly and represents reasonable process 
capability.

Breakeven Point (Cost-Volume Analysis)
Cost-volume-profi t is a form of accounting, and 

it is a simplifi ed model that is useful for elementary 
instruction and for short-term decisions. It provides 
the decision makers with a mathematical model to 
help them evaluate a current circumstance. A criti-
cal part of such analysis is the point at which the 
values of different options become equal. Figure 3 
shows the point at which the costs of hospital-com-

pounded bags and premixed multichamber bags are 
identical. As stated previously, the annual need for 
adult PN is approximately 7,000 bags. If we take the 
fi xed and variable costs into account, the breakeven 
point of hospital-compounded bags and industrial-
manufactured products is reached at 5,404 units 
and $210,876. The point corresponds to nearly 15 
admixtures per day. If this hospital uses more than 
15 bags per day, hospital compounding seems to have 
fi nancial advantage. 

DISCUSSION
Based on the analysis of the data collected spe-

cifi cally for this purpose, hospital-compounded bags 
may provide an advantage for those institutions pre-
paring PN for a high volume of patients (more than 
15 PN bags per day). In addition to fi nancial issues, 
patients with specifi c illnesses, such as renal failure, 
liver dysfunction, and electrolyte inbalance, and 
patients with increased metabolic needs may need 
“tailor-made” regimens. Under these obsevations, 
it seems reasonable to use componded PN bags for 
referral hospitals with a high volume of patients.

Table 2. Fixed costs for hospital-compounded bags at the annual base 

Fixed costs Cost (USD)

Depreciation and cleaning, maintenance, and testing expenses of 
laminar fl ow cabinets 

4,000.00 

Exchange cost for cabin fi lters 3,333.00 

Manpower (technician, cleaning and disinfection) 32,000.00 

Manpower (pharmacist) 26,666.00 

Depreciation expense of particle counter device 2,400.00 

Energy consumption (compounder, laminar fl ow cabinet, 
temperature, and humidity control) 

666.00 

Others 500.00 

Total fi xed cost 69,565.00 

Table 3. Industrial premixed peripheral and central parenteral nutrition solutions

Peripheral solutions Central solutions

Product name Quantity (bags) Product name Quantity (bags)

Oliclinomel N-4 1000 mL (Baxter) 39 Oliclinomel N-7 1000 mL (Baxter) 59

Kabiven 1440 mL (Fresenius Kabi) 68 Oliclinomel N-7 1500 mL (Baxter) 88

Nutrifl ex 1875 mL Peri (B Braun) 2 Oliclinomel N-7 2000 mL (Baxter) 89

Oliclinomel N-4 2000 mL (Baxter) 55 Nutrifl ex 1875 mL 
(B Braun)

25

Kabiven 2400 mL (Fresenius Kabi) 136 Nutrifl ex 2500 mL 
(B Braun)

62
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Very few articles related to this topic have 
been published to date. Investigations on economi-
cal aspects of PN have been conducted in different 
countries with confl icting results. Financial analysis 
seems to be country specifi c and does not necessarily 
overlap with other markets. Labor costs, for instance, 
are high and affect the results signifi cantly. Genton 
et al5 indicated the need for a verifi cation of fi nancial 
outcomes in countries with low-cost manpower. PN 
costs differ among countries, and the major variable 
is staff time. In a multicountry study in Europe, Wal-
ter et al6 found that wages accounted for 54% of all 
costs in PN in children. In this study, average cost 
per bag for chidren was found to be 80 euros in the 
United Kingdom and 125 euros in Germany. In the 
present study, manpower represents 23% of PN hos-
pital costs. 

On the other hand, premixed multichamber bags 
have reasonably low purchasing prices for hospitals 
in Turkey when compared to many European hospi-
tals. This is mainly due to the discounts; in Turkey, the 

major reimbursement authority is the Social Security 
Institution (SSI). SSI has been implementing a practice 
of major compulsory discount for government hospi-
tals to reduce global medical expenditures. As a result 
of this policy, pharmaceutical companies may have to 
give a discount for all pharmaceuticals, which can be 
as high as 40%. The actual hospital purchasing prices 
we encountered recently for industrial multichamber 
bags fall within the range of $14.50 to $35, depending 
on the volume and contents of the bags. Depend-
ing on the discount rates, hospital costs may change 
and the cost analysis may not be applicable to other 
health care institutions. Even if another hospital has 
been utilizing the same system, the costs will not nec-
essarily be the same. 

In our hospital, the pharmacy produces PN 
bags daily, including weekends and holidays. This is 
extremely important to decrease waste. In many hos-
pitals, the practice is to admix PN solutions on Friday 
for the weekend, which results in a 3-day preparation. 
Considering this fact, patients who do not need PN at 

Figure 1. Frequently used peripheral parenteral nutrition admixture in terms of macro-
nutrient content: X-bar chart. LCL = lower control limit; UCL = upper control limit.

Figure 2. Frequently used peripheral parenteral nutrition admixture in terms of macro-
nutrient content: R chart. LCL = lower control limit; UCL = upper control limit.
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any given weekend will not be administered the com-
pounded product, resulting in waste of the admixture 
and incremental cost. On the other hand, 3-chamber 
premixed bags are not available and 2-chamber bags 
are only available in 1 L and 2 L volumes in some coun-
tries, including the United States. This would probably 
cause signifi cant wastage for patients who require 
volumes other than those offered by commercial prod-
ucts. Therefore we suggest that hospitals should deter-
mine their PN preperation policies according to their 
practice and regulations. Research on this topic is still 
needed, as verifi cation of fi nancial analysis becomes 
more important in today’s health care environment. 

In addition to acquisition costs, complications of 
PN may contribute to fi nal cost analysis. In a multi-
center study, Turpin et al7 showed that premixed mul-
tichamber bags were associated with lower costs than 
compounded PN with regard to both PN acqusition 
and potential avoidance of bloodstream infections. In 
this retrospective database analysis, the authors con-
cluded that a potential savings of $773 per patient 
may be realized. Similarly, Pichard et al8 showed that 
3-compartment PN bags were less expensive than 
hospital-compounded bag systems in terms of appli-
cation costs. The authors concluded that the applica-
tion cost of hospital-compounded bags was 150% of 
the 3-compatment bags. Manpower costs in hospital-
compounded and 3-compartment bag systems were 
15 CHF (Swiss Francs) and 10 CHF, respectively. The 
ratio of manpower costs was the same in both groups; 
they were 10% of total costs. Hospital-compounded 
bags are thought to be “tailor-made” and, therefore, 
to meet the patients’ specifi c requierements. How-
ever, it is estimated that a signifi cant part of adult 
patients receiving PN in hospitals can be maintained 
with standard formulations that are provided by 
the industry.8 Furthermore, premixed multichamber 

bags have advantages, like prolongation of shelf life, 
reduction of personnel workload, and preclusion of 
admixing errors.9 Therefore, health care institutions 
should select the most effective way of providing PN 
while considering their specifi c circumstances. The 
decision whether to prepare PN admixtures internally 
or to purchase commercial products should be based 
on the type and size of a given hospital.10-12 Safety, 
economic, and ergonomic aspects are all factors that 
should be taken into consideration while administer-
ing PN in a given hospital.13,14

This retrospective observational study has some 
limitations. First, an actual cost comparison of the 
present study would have provided us with more 
realistic data, if this hospital had been using the 2 
systems simultaneously. Unfortunately hospital-com-
pounded and industrial multichamber bags cannot be 
routinely used simultaneously in most hospitals. In 
our center, only compounded bags have been used, 
and the fi nal cost analysis may remain suppositional. 
Second, this retrospective analysis did not take the 
PN-related complications into account, which might 
have more realistically refl ected the real-world situa-
tion. Finally, the results of the present study might be 
different if an alternative admixing system had been 
used. Automix 3+3 compounding system is relatively 
more economical compared to some other systems 
that require more transfer sets. 

In concluson, this study shows a cost benefi t of 
compounded PN compared to industrial multicham-
ber bags, if more than 15 bags per day are used. In 
low-volume hospitals, industrial multichamber bags 
may be more advantageous.
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