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Introduction  
Ultravist has been used as a contrast agent in computed 

tomography (CT) imaging and allows for an efficient and optimized 
workflow [1, 2]. This contrast agent is marketed in two types, 
which are the vial type and the prefilled type. In the case of vial 
type contrast agent, for assembly and refilling, the contrast agent 
must be moved to an automatic injector using syringes, disposable 
tubes, and connectors. During this process, the staff frequently 
manipulates the contrast agent and several materials necessary for 
assembly. The materials that do not come into direct contact with a 
patient can be used for several examinations or for more than one 
patient, although the materials used during treatment are approved 
for single use only according to several guidelines about infection 
control [3]. Frequent handling and multiple uses of syringe and 
other materials potentially leads to bacterial contamination and 
local infection [4-8].

 On the other hand, the prefilled contrast agent requires no 
syringe filling during the assembly procedure. When using the 
prefilled type, fewer manipulations are done by the staff than are 
necessary when using vial type contrast agent; therefore, it has a  
benefit of lowering the risk of contamination or infection. Moreover,  

 
as the time required to assemble all the materials is shorter, the 
procedure is done with greater efficiency and there is a time saving 
benefit as well [5-9].  Hospital-acquired infections are an important 
indicator of patient safety, and influence treatment period and cost 
[6,10-12]. In order to reduce infection, disposable materials such 
as syringes and connecting tubes should be used only once, even 
though they do not come into contact with patients directly [3]. 
Moreover, the Centers for Disease Control and Prevention (CDC) 
guidelines recommended that single-dose or single-use vials should 
be used clinically only for one dose and for one patient [13,14].

The contrast agent in a vial could be used in several patients, at 
the same time, the materials could be used several times as well. It 
is difficult for hospital staff to ensure that the vial and the materials 
are kept sterile. Therefore, prefilled contrast agent is more suitable 
than vial type contrast agent in terms of patient safety. While there 
have been several studies on the effectiveness, safety, and economic 
evaluation of various medicines, diseases and operation, there is a 
dearth of research about the materials or devices used for medical 
treatment. In particular, material that is closely related with patient 
safety should be examined for benefits such as efficiency and safety. 
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Abstract

Background: In CT imaging, when preparing contrast agent, the prefilled type is simpler to use than is the vial type. In this study, the benefits 
from using prefilled contrast agent were examined.

Methods: The benefits of the prefilled type were defined as time saving and prevention of infection. We measured the preparation time in 3 
general hospitals, and then estimated the time saving benefit by multiplying the result by the cost of the CT scan. To gauge infection prevention, 
we conducted a decision analytic model and estimated the benefits using the probability of infection from the decision model and treatment costs. 

Results: The cost of both drugs was equal; however, the additional material cost associated with vial type agent was $18.18, which is higher 
than that of the prefilled type. The reduction in time from using the prefilled type was on average 51.9 seconds, and the time savings was estimated 
as $7.22 per case. The benefit of preventing infection was estimated at $0.24 per case when using the prefilled type. Therefore, the total benefit was 
estimated at $25.64. Conclusions: The prefilled type was superior to the vial type in that it was associated with lower costs and higher benefits. 
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Therefore, this study aimed to evaluate the benefit of the two 
different contrast agent injection systems, prefilled type and vial 
type, with regard to infection management and time saving.

Methods
This study aimed to evaluate the benefits of prefilled contrast 

agent vs. vial type contrast agent. The prefilled type was found to 
be superior in terms of time saving and prevention of infection, and 
the benefits of prefilled contrast agent were defined as an increase 
in profit and cost saving. 

Study Design
This study was designed as an economic analysis using 

clinical data, secondary research, and health insurance data from 
the National Health Insurance (NHI) Corporation [15]. The NHI 
database includes information on healthcare utilization by the 
entire population in Korea. To determine treatment cost from NHI 
data, we calculated the benefit of prefilled contrast agent given its 
effects on time saving and infection control. 

Estimating the Benefit of Prefilled Cartridges
Use of prefilled contrast agent saves time because it allows 

hospital staff to skip several steps in the assembly process and 
prevents infection because it decreases unnecessary handling. 
To estimate the extent of time saving, we collected data from 
three hospitals where the two kinds of contrast agents (vial type 
and prefilled type) were used for CT imaging, and measured the 
preparation time repeatedly in these 3 general hospitals. As there 
were few cases of CT imaging using the prefilled type, we identified 

the assembly procedure of both types and measured the time saved 
owing to omitted procedures when using the prefilled type. We 
observed 113 cases in the 3 general hospitals. Assuming that the 
reduced time was then available for CT scans to be given to other 
patients, we estimated the time savings by multiplying the result by 
the cost of a CT scan. The extent of the benefit regarding infection 
was estimated in 3 steps: 

a) conducting a decision analytic model

b) calculating the parameters using secondary research 

c) estimating the benefit using a folding-back method. 

First, we constructed the decision analytic model to evaluate 
the effectiveness according to type (Figure 1). The invasive 
procedure could potentially lead to local infection, such as phlebitis, 
or a blood stream infection (BSI) in serious cases, regardless of 
whether the materials are contaminated or not. If the material is 
contaminated, the rate of infection will be higher. After conducting 
the decision analytic model, we found the parameters for the 
decision tree through a literature review. According to a study by 
Buerke et al., microbiological contamination occurred 3.3% of the 
time when materials were used multiple times, but 0.0% of the 
time with single-use prefilled contrast agent [16]. As there is a lack 
of research into the probability of infection   to contamination of 
materials, we referred to the results obtained from similar studies. 
Owing to materials contamination, the local infection rate was 2.1% 
according to a study by Lee el al. [17] and the rate of BSI was 0.1% 
according to Maki et al. [8]. 

Figure 1: Benefit for preventing infection. 
*Benefit was the difference in treatment cost between prefilled typed and vial type. Benefit ($0.24) = local infection benefit 
($8.54-$8.34) + BSI benefit ($1.41-$1.37)
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In addition, we calculated the probability of local infection, and 
BSI was calculated by relative risk (0.582) from the result of a study 
by Veenstra et al. [8] because there is a lack of research into the 
probability of infection when using contamination-free material. 
We then estimated the benefits by folding back, multiplying the 
probability of infection (local infection and BSI) by the treatment 
costs for local infections or BSI in 2015 obtained from the NHI 
database [15].   

Sensitivity Analysis
Sensitivity analysis was conducted to adjust for the uncertainty 

of reducing time, examination cost, and infection probability, which 
was estimated by secondary studies. The interval of sensitivity 
analysis was applied to the mean and standard deviation of the 
estimated reduction in time, cost of a CT scan according to body 
part examined, and confidence interval of the secondary research 
into the probability of infection. 

Results
The cost of vial type and prefilled type contrast agent was 

initially equal; however, the additional material cost related to the 
use of vial type agent was $18.18, which is higher than the materials 
cost associated with the prefilled type. Thus, the total cost of the 
prefilled type was actually lower than that of the vial type. The 
reduction in time obtained by using prefilled contrast agent was, on 
average, 51.9 seconds (±9.6 seconds) based on 113 observations 
from 3 general hospitals. As the average CT scan cost $125.12 and 
took about 15 minutes, the average cost of CT imaging per second 
was estimated at $0.14. Assuming that the reduced time was used 
to give CT images to other patients, the benefit of time saving was 
estimated at $7.22 per case (Table 1). In addition, the probabilities 
of contamination, local infection, and BSI when using vial type 
contrast agent were 3.300%, 1.251%, and 0.060% respectively, 
which were higher than those associated with the prefilled type 
(0.000%, 1.222%, and 0.058%, respectively). The prevention rate 
of infection due to the use of prefilled type was 0.029% for local 
infections and 0.002% for BSI. Accordingly, the financial benefit 
from infection control when using prefilled contrast agent was 
estimated at $0.24 per case (Figure 1). The total benefit was 
estimated at $7.46, including $0.24 in infection control and $7.22 
in time savings.

Table 1: Reducing time and time saving benefit.

Mean ±SD

Reducing time (n=113, seconds)

Average 51.9±9.6

Hospital A (n=90) 51.0±9.5

Hospital B (n=16) 56.2±8.4

Hospital C (n=7) 53.9±11.9

Cost for a CT-scan ($)

Average 125.12±0.14

Brain 111.24±0.12

Chest 131.65±0.15

Abdomen 126.87±0.14

Spine 130.70±0.15

Time saving benefit ($) 7.22

Table 2: Benefit of prefilled type.

Categories Saving cost ($) %

Total benefit per case 25.64 100.0

Direct cost saving 18.18 70.9

Benefits 7.46 29.1

Time saving 7.22 28.2

Preventing infection 0.24 0.9

Table 3: Sensitivity analysis.

Sensitivity Analysis Benefit ($)

Unit cost and reducing time

Unit cost $0.124 and reducing time 42.3 seconds 5.23

Unit cost $0.139 and reducing time 51.9 seconds* 7.22

Unit cost $0.146 and reducing time 61.5 seconds 9

Relative risk

0.851 0.08

0.582 * 0.24

0.398 0.33

Total benefit

Minimum 23.49

Basecase 25.64

Maximum 27.51

 Thus, the total amount saved per case was estimated at $25.63, 
which includes a direct cost saving of $18.18 (70.9%) and a benefit 
of $7.46 (29.1%) (Table 2).  To account for the uncertainty in this 
study, we performed sensitivity analysis according to the estimated 
time reduction, cost of CT imaging, and infection rate. The benefit of 
time saving was estimated at $5.23~$9.00 according to the change 
in reduced time and cost for CT imaging. In addition, the benefit 
of infection control was estimated at $0.08~$0.33 by the change 
in relative risk. Finally, the minimum benefit of using the prefilled 
type was $23.49 per case, and the maximum benefit was $27.51 per 
case (Table 3).

Discussion
This study investigated the economic benefit of a new injection 

system for contrast agent. The improvement associated with the 
prefilled type was measured in two parts

a) time saving due to simplification of the assembly process

b)  prevention of infection due to avoidance of multiple uses 
of materials such as syringes, tubes, and connectors. 

The reduction in time associated with the use of prefilled 
contrast agent in this study was 51.9 seconds, which is consistent 
with the results of other studies, which reported that the reduction 
does not exceed one minute [5]. The absolute reduction in time per 
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case is not long; however, the cumulative time reduction is huge 
considering the frequency of CT imaging. In one of the hospitals in 
this study, the number of examinations per CT scan machine was 
approximately 70 per day. If all cases used the prefilled type, the time 
saving benefit per day would exceed $500 for only a single machine. 
Therefore, the time saving benefit would be enormous in a large 
hospital.  In addition, the use of the prefilled type is important in 
terms of patient safety, even though the benefit regarding infection 
prevention was not huge.

For the vial type contrast agent, the assembly materials, such 
as injector syringes, tubes, and connectors, were used for several 
examinations or several patients, despite multiple uses of medical 
materials being banned in principle [3]. In several hospitals, 
multiple uses of materials for treatment are happening in everyday 
practice [4]. Buerke et al. [5] reported that the rate of contamination 
was 3.3% when syringes were used multiple times [5]. As the 
staff in Korea often used an injector syringe many times, the rate 
of contamination is probably higher than that reported in Buerke 
et al.’s study [5], and the high rate of contamination most likely 
resulted in an increased incidence of severe infection [7,8,19, 20]. 
In addition, it is well known that the multi-dose vials (MDV), such 
as those containing heparin and insulin, are extremely vulnerable 
to contamination [13,14,21]. Contaminated MDVs are responsible 
for 80% of nosocomial infections, and, in those cases, the mortality 
rate is 10% [21]. 

In CT imaging, vial type contrast agent may be used for some 
patients according to circumstances. Hence, the risk of infection 
due to the use of vial type contrast agent might be greater than 
expected.  In order to estimate the benefit regarding prevention of 
infection, we performed a literature review; however, there was no 
previous study about the infection rate associated with prefilled 
contrast agent. Therefore, we estimated the infection prevention 
benefit through a decision tree model. The benefit due to infection 
prevention was estimated at $0.23, which accounted for only 0.9% 
of the total benefit. Considering the frequency of the use of injector 
syringes in Korea, the infection rate and the costs associated with 
infection might be higher in real practice than those suggested 
by the results of this study. Besides the time saving and infection 
prevention benefits, the prefilled type might have a benefit 
regarding waste disposal and storage of medicines or materials.

However, we excluded these benefits from our analysis because 
of uncertainty given the limited amount of data available. Therefore, 
further research is needed to estimate the costs incurred during the 
entire process of CT imaging, including storage, preparation, and 
disposal.  Prefilled type contrast agent had benefits regarding time 
saving and infection prevention, and the direct cost of prefilled 
contrast agent is lower than that of vial type contrast agent. The 
cost of prefilled type equates to that of vial type in Korea, while 
the cost of prefilled type is higher than vial type in several other 
countries. Therefore, according to the price of the prefilled type, 
the benefit could be lower than the result in our study. However, 
as the overall trend has been that hospitals gradually reinforce the 
regulations regarding infection control [3,13], the prefilled type 

should be recommended for use in CT imaging, if only for the simple 
reason that the prefilled type is safer than the vial type.

The materials necessary for treatment have scarcely been 
evaluated for their effectiveness or safety, compared to the medicine 
itself. However, among the various materials, there are some that 
had as strong an influence on patient safety as the medicines. 
Thus, the effect of the materials on patient safety should be further 
evaluated in term of safety. Contrast agent is injected directly into 
blood vessels; therefore, the procedure could give rise to serious 
infections in cases of contamination of materials or contrast agent. 
In order to protect patient safety, we need to use the safer method 
for CT imaging. 

Conclusion
The present results showed that the prefilled type of contrast 

agent dominated the vial type in terms of lower costs and higher 
benefits. This was driven by lower materials cost, lower infection 
risk, and reduced administration time for the prefilled type 
compared to the vial type. In addition, given that syringes are 
reused several times in Korea, we expect that the financial benefit 
associated with infection control is in fact greater than $0.23. The 
findings of this study suggest that the use of PFC contrast agent is 
an efficient utilization of resources in CT imaging.
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