DOIL: https://doi.org/10.11144/Javeriana.umed64-2.cost

Cost and Performance Indicators
Comparison of two Dual-Head Contrast
Medium Injectors during Contrast Enhanced

Computed Tomography

Comparacion de costos e indicadores de desempenio de dos
inyectores de medios de contraste de doble cabezal en tomografias

computarizadas con contraste

Danier Upecul

Head of Diagnostic Imaging and Nuclear Medicine Department, Fundacién Centro
de Tratamiento e Investigacién en Cancer, Bogota — Colombia. Abdominal imaging
radiologist, Hospital Universitario Mayor (Méderi), Bogot4, Colombia

ORCID: https://orcid.org/0000-0002-5474-0982
Juan CarRLOS ALDANA LEAL

MBD. Radiologist, neuro radiologist, Shaio Clinic Foundation and Palermo Clinic.
Director of the Radiology and Diagnostic Imaging Program, Universidad de La
Sabana, Colombia

ORCID: https://orcid.org//0000-0003-4047-9709

Received: 03 august 2022 | Accepted: 24 may 2023

EmMiLY VArRGAS?

Career professor, School of Medicine, Autonomous University of Yucatan, Merida,

Yucatan, México

ORCID: https://orcid.org/0000-0002-4477-4572

A Correspondence author: emilymariavr@gmail.com

Cémo citar: Upegui D, Aldana Leal JC, Vargas
E. Cost and performance indicators comparison of
two dual-head contrast medium injectors during
contrast enhanced computed tomography. Univ. Med.
2023;64(2). https://doi.org/10.11144/Javeriana.umed
64-2.cost

ABSTRACT

The progress towards the adoption of complex technologies for medical
diagnosis, requires analyzing their economic and technical advantages.
Two dual-head injectors were compared regarding cost, time and volume
of contrast medium used during computed tomography, in a prospective
analysis of 103 procedures. Two observers recorded consumable goods and
performance indicators during the use of (OptiVantage®) and (Medrad®
Stellant) combined with the use of Medrad Stellant Multi-Patient Kit;
the costs associated with routine use and recommended use in a third
level care institution in Colombia were determined. Preparation time
was 23.3 seconds more (p < 0.000) with OptiVantage® (52.2 seconds;
95%Cl: 46.7-56.7) compared to the Medrad® Stellant injector group
(28.9 seconds; 95%CI: 21.8-39.5). The volume of injected contrast
medium was greater by 8.7 mL (p < 0.005) with OptiVantage® (68.4
mL; 95%CI: 63.4-73.3) versus the Medrad® Stellant injector (59.7 mL;
95%Cl: 56.7-62.7). The total cost per use of Medrad® Stellant is 8%
lower in the routine mode of use. The Medrad® Stellant CT Injection
System combined with the use of the Medrad Stellant Multi-Patient
Kit is more efficient, offers safety and a lower total cost per procedure
performed.
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RESUMEN

La adopcién de tecnologias complejas para el diagnéstico médico
exige el andlisis de sus ventajas econdmicas y técnicas. Se
compararon dos inyectores de doble cabezal
en términos de costos, tiempos y volumen de medio
de contraste durante la tomografia computarizada, en
un andlisis prospectivo de 103 procedimientos. Dos
observadores registraron consumibles e indicadores de
desempenio durante el uso de OptiVantage® y Medrad®
Stellant combinado con el uso de Medrad Stellant Multi-Patient
Kit. Se determinaron los costos asociados al uso habitual y al
uso recomendado en una institucién de tercer nivel de
atencién en Colombia. Se evidencié un tiempo de preparacién
mayor de 233 segundos (P < 0,000)
con OptiVantage® (52,2 segundos; IC95%: 46.7-56.7)
respecto del grupo del inyector Medrad® Stellant (28.9
segundos; 1C95%: 21,8-39,5). El volumen de medio de
contraste inyectado fue mayor por 87 ml (p < 0,005)
con OptiVantage® (68,4 ml; 1C95%: 63,4-73,3) versus el
inyector Medrad® Stellant (59,7 ml; IC95%: 56,7-62,7).
El costo total por el uso de Medrad® Stellant es un 8%
m4s bajo en la modalidad habitual de uso. El Medrad®
Stellant CT Injection System combinado con el uso del
Medrad Stellant Multi-Patient Kit es mas eficiente, ofrece
seguridad y un menor costo total por procedimiento
realizado.

Palabras clave
inyector de doble jeringa; medio de contraste; anélisis de costos;
tomograffa computarizada.

Introduction

The analyses of costs and performance indicators
of health technologies (1) are necessary inputs for
Health Technology Assessment (HTA), which
provides elements to guide strategic decision-
making related to the transfer of knowledge
and technologies among members of the health
system, including the acquisition of medical
devices and other technologies (2,3). Within the
institutional context, and according to the World
Health Organization, HTA supports clinical
management during the process of defining
needs, alternatives and specifications of the
equipment or technologies to be implemented or
acquired, increasing their efficiency and benefits
for the system, institution and patients (4).
Computed tomography (CT) was first introduced
50 years ago and has since become an integral
part in the diagnosis and follow-up of various
medical conditions (5). As of 2019, Japan had
the most CT scanners per million population
(111.49), followed by Australia with 70.25

scanners per million people. In Latin America,
Chile had the highest number of scanners
per million inhabitants (24.21), followed by
Mexico with 5.9 (6). The constant increase
of patients undergoing computed tomography
(CT) requires a methodical exercise by the
institutions to assess the relevance of acquisition
and use, as well as a rigorous adherence to
the manufacturer's indications and institutional
protocols, to ensure its proper implementation,
optimizing cost management and thus increasing
efficiency (7). In clinical practice, contrast-
enhanced CT (CECT) represents, on average,
40% to 60% of the volume of CT procedures
performed in a hospital with less than 200 beds
(8,9). Therefore, the optimal management of
processes and procedures associated with the use
of consumable goods and equipment for CECT
can positively and significantly influence the
efficiency of operations, as well as patient safety
(7).

Contrast medium (CM) pressure injectors
are an electromechanical single or dual-
syringe injection system, which control the
administration of intravenous CM and saline
through an interface (10). The system is
operated through a panel from which the volume
(mL) of the contrast medium, the flow rate
(mL/s) and the injection pressure (psi) are
managed. State-of-the-art equipment includes
safety sensors to avoid extravasation of the CM
and position sensors that prevent the production
or passage of air bubbles, along with other
benefits (10). Comparable features among the
different contrast delivery systems with dual-
head injectors are: the concentration and volume
of the CM injected; the phases, speed and
duration of the injection; whether they are
single or dual-headed; the use or not of saline
solution; the incorporation of heat maintainers,
the time delay between the injection of contrast
and the start of the scan; and adjustments for
variations in the patient's cardiac output (11).
Also, the consumable goods associated with their
use. These variables are directly related to the
operating costs of the CT procedure (12).

The dual-head injectors are designed to allow
the injection of saline solution (SS) immediately
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after the injection of the CM, pushing it
into the patient's vascular system, avoiding
anterograde movement of the CM and allowing
the consolidation of an optimal bolus. This
marginally increases the amount of contrast
during image acquisition (10). Recent studies
show that this SS injection avoids the occurrence
of thoracic venous artifacts, and favors the
residual contrast clearance from the vascular
access (11).

The medical technology industry is an
important part of the healthcare sector. It
includes, most notably, medical devices that
simplify the prevention, diagnosis and treatment
of diseases and ailments (13). The introduction of
these technological innovations, in a continuous
work activity, must be followed by the adaptation
and adoption of organizational and regulatory
processes in order to: i) the hospitals and
health care system to take full advantage of
the opportunities offered, and ii) to guarantee
the return on investment, with the rational,
standardized and optimal use of them (7). The
objective of this study was to compare two dual-
syringe contrast medium injectors in the area of
costs, time and volume of CM used in the CECT
procedure. This analysis covers the routine
institutional use and the use recommended by
the manufacturer in its sanitary registry (14,15),
of the consumables for the prefilled syringe kit,
compared to an empty syringe kit.

Materials and methods
Study design

Prospective study to analyze performance
indicators and the cost of diagnostic imaging
examinations with contrast performed in the
radiology area of a tertiary care hospital in
Colombia. The objective was to compare the
cost, time and volume of contrast medium in
the use of resources between an empty syringe
injector (Medrad® Stellant; Bayer HealthCare
Pharmaceuticals, Berlin) and a prefilled syringe
injector (OptiVantage®; Guerbet, Villepinte),
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for the injection of Ultravist and Optiray®
contrast media, respectively.

Data collection

With prior authorization from the institution,
every consecutive CECT procedure was recorded
during four days; two (Wednesday and Thursday
of week 1) using a dual-head system, one for
pre-filled syringe of CM (Optiray®) and another
one for empty syringe (200 mL) of Saline
Solution (Product: OptiVantage® Dual Head
CT Contrast Medium Delivery System, Brand:
Optivantage™); and two days (Wednesday and
Thursday of week 2) using a dual-head injector
(one for CM [Ultravist]) and the other for SS
of 200 mL each) (Product: Medrad Stellant CT
Injection System Brand: Medrad®) and Medrad
Stellant Multi-Patient Kit (Code: SDS MP1).

Two independent observers, with expertise
in the area and without knowledge about
the objective of the study, recorded for
each procedure, in a Microsoft Excel
matrix  (Microsoft Corporation, Redmond,
Washington), data related to the time spent by
the user in the area and the preparation time
of the injector, consumables used, user weight in
kg, estimated glomerular filtration rate (eGFR),
nephroprotection requirement, type of CT
performed, volume of CM injected and volume
of CM discarded. The technical, specialized
and administrative personnel of the radiology
area were informed of the study and were
asked to perform the routine procedure during
CT scanning. Through secondary searches and
direct requests to the administrative unit of the
institution, the purchase prices of consumables,
contrast media, depreciation of CT equipment,
invoiced value for general services of the
area, value/hour of health and administrative
personnel involved in the procedure were
obtained.

Data processing and analysis

Data was processed and analyzed by a
specialized professional hired independently
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for the processing and analysis of the
information, poor quality screenshots were
removed, used Microsoft Excel (Microsoft
Corporation, Redmond, Washington) and Stata/
IC v. 16.1 (StataCorp, Lakeway, Texas).
Differences between groups were verified with
t-tests and 3 tests, with weight, GFR, patient
nephroprotection requirement and type of CT
scan used as variables T-tests were used to verify
differences in the performance of the radiology
area in contrast examinations, using as variables
the injector preparation time (in seconds), the
total time spent in the CT procedure room (in
minutes), the time spent in the radiology suite (in
minutes), the total volume of contrast medium
injected (in mL), and the volume injected
in relation to weight (in mL/kg). Confidence
intervals around the mean value were estimated
by nonparametric resampling with correction for
bias. (16) In all cases, a p-value < 0.05 was
considered statistically significant.

The average cost of each examination was
estimated by micro-costing (1); the cost of
consumables, CM and personnel involved was
estimated with the product of the unit price and
the quantity used, in units or time. The unit
price of general services (i.e., security personnel,
cleaning, electricity, telecommunication) was
estimated by dividing the amount billed in a
year by the total number of diagnostic tests
performed in the radiology area, adjusting for the
proportion of the total corresponding to contrast
examinations (40%). This unit price was assigned
equally to the procedures of both groups (Table

1).

Table 1.
Unit prices by cost category, and resource utilization
schemes by injector

Use
. Optivantages, OptiVantage®, Medrad® Stellant
i Unit routine use recommended use
Category Sy
price Per 12- Per 12-
i 2 Per Per 12-hour
Per patient hour Per patient hour s
patient day
day day
Inputs
Low pressure 396 - 1 3 a 1
connector
Saline solution 0.001 According 1o According 1o According
bag, 500 mL. - use 3 use ) 10 use
Syringe, 10 mL 01 - 1 1 - -
Synnge, 50 mL 053]1 - 1 - 1
Macro-drip 043 - n A L
equipment
Three-way L1 1 1
stopcock
Anesthesia 0321 1
extension
Heparin lock 0111
Y-extension 725 - - 1
;_![uln—panem 15.08 1 1
1t
Contrast
medium
Pre-filled syringe, Optiray® (presentation in mL)
50 1595 | One piece, One piece, One piece,
75 22.33 | according to according to according to
100 30.44 | use and use and use and
125 36.24 | presentation presentation presefitation
Bottle, Ultravist (presentation in mL)
50 15.08
100 2131 According to
200 46.97 presentation
500 11743
Personnel

Nursing
assistant (per 0641 - 1 - 1
patient)
Radiologist (per 1063 | 1 : 1 A 1
patient)
Radiology
technologist 0071 - 1 - 1
(per minute)
oo 1061 - 1 = 1
services

*In 2020 US dollars (1 USD
= 3448.89 Colombian pesos).

Three cost scenarios were estimated. The
first, refers to the routine use of available
resources with the Optivantage™ brand injector
over a twelve-hour working day. In the second,
the cost of using the OptiVantage® injector
was estimated assuming the manufacturer's
recommended resource consumption (14). The
scenarios and consumables are described in
Table 1. The third scenario refers to the cost
for the use of resources with the Medrad®
Stellant injector and Medrad Stellant Multi-
Patient Kit (Code: SDS MP1) as requested by the
manufacturer. The cost was estimated in 2020
U.S. dollars, at an exchange rate of 1 dollar for
3448,89 Colombian pesos (16). Cost differences
were established using t-tests, and confidence
intervals were established using nonparametric
re-sampling with bias correction (17). Finally, the
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total costs corresponding to the three scenarios
were estimated by multiplying the average cost
in each category by the number of diagnostic
contrast examinations performed in one year (n

= 10,811) at the study site.
Results

A total of 103 procedures were recorded, 47
using OptiVantage® prefilled syringes, and 56
with Medrad® Stellant empty syringe system
and Multipatient Kit (SDS MP1). As reported
in Table 2, the groups did not show statistically
significant differences in weight, GFR, need for
nephroprotection, and type of study performed.
The average weight of each user was 66.5
kg (*£11.09) in the prefilled syringe injector
group and 63.7 kg (*£11.51) in the empty
syringe injector group. GFR was 80.9 (=14.62)
and 79.8 kg (+20.91) in prefilled syringe and
empty syringes, respectively. The most frequently
examined area in both groups was the thoracic-
abdominal area.

Statistically significant differences were
observed in the injector preparation time and
the volume of contrast medium injected (Table
3). In the first case, a difference of 23.2 seconds
(p < 0.000) was estimated between the loading
of both injectors. In the OptiVantage® injector
group, the time to prepare the injector took
52.2 seconds on average (95%CI: 46.7-56.7),
while in Medrad® Stellant it took 28.9 seconds
(95%CI: 21.8-39.5). In terms of volume injected,
a difference of 8.7 mL (p < 0.005) was estimated;
in the pre-filled syringe injector group an average
of 68.4 mL (95%CI: 63.4-73.3) per patient
was injected, and in the empty syringe injector
group an average of 59.7 mL (95%CI: 56.7-62.7)
was injected. No differences were observed in
the time spent in the tomography room (12.4
minutes in the prefilled syringe injector group vs.
12.2 in the empty syringe group), the time in
the radiology area (35.3 minutes in the prefilled
syringe injector group vs. 41.3 in the empty
syringe group), the amount of contrast medium
wasted (1.8 mL in the prefilled syringe injector
group vs. 1.4 in the empty syringe injector group),
nor in the volume of contrast medium injected

Table 2. . . . . X
. . , . in relation to weight (1.04 mL/kg in the prefilled
Characteristics of patients and studies performed in . o )
each group syringe injector group vs. 0.96 mL/kg in the
OptiVantage® (n = 47) Medrad® Stellant empty syringe group).
. (n=56) g
Variable Mean value SD Mean value sD pvalue Table 3.
(0%) (0%) Comparison of the performance of both injectors
Weight (kg) 66.5 | 11.09 63.7 | 11.51 0.22 Medrad® Stellant (a =
Glomerular filtration rate 80.9 | 14.62 79.8 | 20.91 0.75 OptiVantage® (n = 47) 56) B
GFR) Mean Mean Difference’| ooine
( ] SD | 95% Cr | SD | 95% CT*
Nephroprotection (%) 0.70 Yalue yalue
o 3 & Tojector
Ves 5 = f‘:z“‘“"”“ 522|174 | 467 | 567 | 289|333 218/ 395 232 | <0.000
}D e 0.62 (;,-.econcls}
ype of study (%) 62 Time spent
Abdomen 34 30 in the
Ao Areto 5 5 tcx;}P%raphy 124| 65| 108 | 145| 122| 62107 [1396 02| 085
cubicle
Cerebral Angio 0 4 | (minutes)
ol ; Total time
Lower limb Affigm. : : 2 2 spentin the
Transcatheter dortic Valve 2 0 radiology 353|159 31/3996| 413|182 369 462 60| 008
Implantation Angio area
- (minutes)
‘;”fw Te rori 4 z Volume of
cmr:onar;. grtertes 0 2 f];’;;:‘“;‘ 18| 61| 03| 36| 14| 95| 0| 41 04| 081
wasted (mL)
Cerebral 0] 5 e
Cerebral-Neck o] 2 injected of 68.4 | 17.3 | 63.4 | 73.3 | 59.7|11.9 | 56.7 | 62.7 8.7 | <0.005
Neck 13 9 CM (mL)
Vol
Paranasal sinuses 2 0 ;,,j’eﬁizj oF
Thorax 15 16 o 104 02|07 L11| 096 02092 1.02 008| 007
Thorax-abdomen 28 21 weight
Urotac 0 2 (mL/ke)

| Universitas Mépica | V.64 | No.2 | ABRIL-JuNIO | 2023 |

SD:Standard deviation.

SD:Standard deviation.
*95% confidence interval.

The estimated average cost in both groups,
and its 95% confidence interval, is presented in
Figure 1. The graph is divided into two panels,
where the first panel represents the comparison
between routine resource use (observed with
the data collected) with OptiVantage® and
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Medrad® Stellant. The second one presents
the hypothetical scenario in which resources
were used according to the manufacturer's
recommendations. Each graph contains five cost
categories. The category identified as Diagnostic
Test is the sum of the previous four. With routine
resource use (panel A of the figure), significant
differences were found in the cost of consumables
(USD 1.48 in the OptiVantage® injector group
vs USD 3.71 in the Medrad® Stellant group, p
< 0.05) and contrast medium (USD 19.52 in the
OptiVantage® injector group vs USD 13.94 in
the Medrad® Stellant group, p < 0.000). The
average cost of a diagnostic test showed a non-
significant difference under this scenario ($35.85
in the OptiVantage® injector group vs. $32.93 in
the Medrad® Stellant group).

A. Routine resource consumption

Em OptiVantage®

Medrad ® Stellant p=0,0536

Inputs Contrast medium Personnel General Services  Diagnostic Test®

B. Recommended resource consumption
0,000

0,000
p=0,0773

0,000 A

. -
& . -

Contrast medium Persannel

Inputs General Services Diagnostic Test*

Figure 1.
Price comparison of routine and recommended resource
consumption
* Diagnostic test accumulates the sum of Inputs,
Contrast Medium, Personnel and General Services.

Under the hypothetical resource consumption
scenario (panel B of Figure 1), the cost for
consumables use increases considerably in the
OptiVantage® injector group, from USD 1.48 to
USD 19.5, thus increasing the cost differential
with respect to the Medrad® Stellant injector
from USD —2.2 to USD 15.8. The above
situation raises the average cost of a diagnostic
test from USD 35.85 to USD 53.88. This, in
turn, implies a statistically significant difference
between this group and the Medrad® Stellant
injector group of USD 20.9 (p < 0.000).

The total estimated cost for the three scenarios
is presented in Table 4. The total cost of
diagnostic tests considering the routine use
of resources on the OptiVantage® injector
(scenario A) was estimated at USD 387,581; the
total cost of its recommended use (scenario B)
was estimated at USD 582,489; and the total cost
with the use of Medrad® Stellant (scenario C)
was estimated at USD 365,027. The difference
in total cost can increase from 8% (Difference
C-A) to 39% (Difference C-B), modulated by
the continuous use of consumables during a
12-hour working day, when the manufacturer
recommends a single use per patient.

Table 4.
Estimated total cost* for both technologies, in two
OptiVantage injector usage scenarios

B.
A C.
8 OptiVantage, Difference | Percentage | Difference| Percentage
Category | OptiVantage, Medrad o %
routine use l'?l:OlI]lll:l:ﬂdEd Stellant €« %) (€B) %)
Tnputs 15.95 210.86 40.11 24.16 151 -17.08 81
Contrast 21101 211.01| 150.69| -60.32 -29|  -60,32 -29
medium
Personnel 149.11 149.11| 153.72 4.61 3 4.61 3
General 11.51 1151 1151 0 0
Services
Total 387.58 582.49| 356.03 -8 -39
Ed
In 2020 US dollars (1 USD
= 3448.89 Colombian pesos).
Note:The time period for the
total estimated costs is per year.
Discussion

The results of this study conflicts with what
is described in the literature, where the
habitual reuse of medical equipment and
devices is justified, despite the fact that
current legal regulations and national and
international control agencies restrict it, arguing
several factors, including: economic (the most
representative) (18), followed by the low
availability of consumables or the perception
of healthcare personnel when they see them
in good condition and do not consider that it
compromises the integrity of the patient (19).
According to the results, the Medrad®
Stellant CT Injection System, combined with
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the use of the Medrad Stellant Multi-Patient
Kit (Code: SDS MP1) is more efficient in the
process of loading the CM and preparing the CT
injector for operation; it offers greater patient
safety by favoring the injection of a smaller
amount of total CM, and a lower cost per test.
This was done while maintaining the parameters
of use recommended by the manufacturer in the
sanitary registries in Colombia (14,15) of both
injectors under study.

According to the operation times, although
the reduction in loading and preparation time
of the injector did not statistically influence the
total time the user spent in the tomography room,
it is worth noting that this reduction in time
can be translated in a greater satisfaction of the
radiology technologist while working, together
with the optimization of the use of CM. Thus, the
innovation of the loading and CM administration
approach (cascade) favors the organization of the
workflow in the hospital, while offering a better
quality of the service provided and a higher level
of safety; a hypothesis that should be confirmed
in subsequent studies.

The optimal use of CM is essential in the CT
scanning process because, in addition to reducing
costs, it avoids risks for the patient Saving 8.7
mL of CM per exam, which would represent
an average monthly saving of 11,484 mL in
a CT service of a third level care institution,
and about 10811 contrast procedures annually
is substantial. It is worth noting that, although
the amount of CM injected per user in relation
to body weight did not show a statistically
significant difference between the two devices
analyzed, it is important to highlight that it is
recommended to follow the dosage indications
of the manufacturer or the country's regulatory
institution, which establish that the dose varies
depending on the type of examination, age,
weight, cardiac output and general health status
of the patient and the technique used (20).
Limiting the dose per patient, without affecting
the quality of the diagnostic image, prevents
the occurrence of adverse events derived from
CM, classified as mild, moderate or severe with
a prevalence not higher than 3%, 0.02% and
0.04%, respectively (21,22).
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The limitations of this study are: first, it is not
possible to generalize the routine use scenario of
the OptiVantage® injector and its consumables,
as it depends on each institution and in some
instances on each radiology technologist (RT).
Second, the CM injection protocols and injection
rates used in each subspecialty practice vary
according to the institution. Third, being an
advantageous sample, the number of procedures
analyzed may not be representative to determine
the long-term performance of the technologies
under study. Finally, the protocol recommended
by the manufacturers of both the injector and the
consumables varies depending on the accessories,
code, model, or reference of the consumables
acquired by the institution.

Conclusion

The Medrad® Stellant CT Injection System
combined with the use of the Medrad Stellant
Multi-Patient Kit (Code: SDS MP1) is more
efficient in the process of loading the CM and
preparing the CT Injector for operation; it offers
a lower total cost per procedure performed.
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