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Background: Multidose iodinated contrast media (ICM) injectors have shown promise in reducing ICM waste. This study aims to
evaluate the impact of patient volume on ICM waste reduction in multidose injectors.

Methods: CT studies performed over one-year period with a multidose injector at our emergency CT unit. We recorded the ICM volume,
time, and date for each injection and calculated total annual ICM use, accounting for the 500 mL ICM containers’ 8-hour window usage
limit. We then calculated the ICM waste for the same patient cohort assuming single-dose vials used with single-dose injectors were
used instead, without the 8-hour window for usage. To assess the impact of patient volume, we evaluated six subgroups based on daily
injected patient counts: Group 1 (< 10 patients/day), Group 2 (10-19 patients/day), Group 3 (20-29 patients/day), Group 4 (30-39
patients/day), Group 5 (40-49 patients/day), Group 6 (> 50 patients/day). Annual and mean per patient ICM waste was calculated for
both injector types and compared among all subgroups.

Results: In total, across 12,290 scans, multidose injectors reduced annual ICM waste by 86.1% compared to single-use injectors.
Annual ICM waste was zero on days with 50 or more patients and was minimal (253 mL) for days with 40-49 patients. A significant
negative correlation between patient volume and ICM waste was observed (r = -0.365, p < 0.0001). Mean ICM waste per patient was
2.5 times higher in Group 1 and 71.4% higher in Group 2 with multidose injector compared to single-dose injector. Conversely, in groups
with at least 20 patients per day, mean ICM waste per patient was lower with multidose injectors compared to single-dose injectors.
Mean ICM waste per patient was reduced by 53.9% in Group 3, 88.9% in Group 4 and 100% in Group 6.

Conclusion: High patient throughput centers with over 40 patients per day can nearly eliminate ICM waste with multidose injectors.
However, using multidose injectors in centers with lower patient volumes (<20 patients per day) may lead to increased ICM waste
compared to single-dose injectors, underscoring the importance of aligning injector choice with patient volume to optimize resource

utilization and minimize waste.
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INTRODUCTION

nvironmental awareness has become prominent in

recent years, and its importance is being increasingly

recognized in healthcare, including radiology (1). A
significant sustainability concern in radiology is the waste and
greenhouse gas emissions generated by the extensive use of
single-use materials in imaging procedures (2,3).
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Iodinated contrast material (ICM) is one of the most
commonly used pharmaceuticals in radiology (4-0). The
rising annual number of contrast-enhanced CT scans and
the growing demand for ICM are contributing to sig-
nificant pharmaceutical waste, posing significant en-
vironmental and economic challenges (7,8). Moreover,
iodinated contrast media have been detected in sewage,
surface water, and drinking water worldwide (9). Stan-
dard purification techniques are insufficient to remove
these substances, leading to unresolved concerns re-
garding drinking water safety. To mitigate this impact,
measures should focus on minimizing the use and waste of
contrast media (10).

Iodinated intravenous contrast media (ICM) is typically
supplied in single-use plastic vials of various sizes and ad-
ministered to patients using a syringe-based power injector
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(11). These vials are available in limited package sizes. Be-
cause contrast doses vary among individuals, especially with
weight-based dosing, single-use packaging often results in
significant contrast media waste (12).

Multidose ICM packaging was initially introduced for
cost-saving purposes but has recently gained attention for its
environmental benefits (13—15). The latest generation of
syringeless multidose injectors, designed to minimize infec-
tion risk, limits the use of contrast containers to an 8-hour
window after opening. This restriction ensures timely use of
opened containers. However, this practice could also lead to
potential contrast waste since the efficiency of these new
syringeless multidose injectors depends on patient volume. In
other words, if the majority of the loaded 500 mL contrast
bottle is not used within the 8-hour limit, the ICM waste
may be considerable. Several previous studies have reported
minimal ICM waste from these devices; however, the effect
of patient volume on contrast wastage by syringeless multi-
dose injectors is not well studied (7,16,17).

Hence, we aimed to evaluate the ICM waste of these new
syringeless multidose injectors relative to patient volume and
compare it with that of conventional single-dose injectors,
considering the time restrictions for administering ICM from
the container.

METHODS
Data Collection

This retrospective study received approval from the
Institutional Review Board, and the requirement for in-
formed written consent was waived. We used an institu-
database
Microsoft, Redmond, WA) to retrospectively retrieve all

tional 1imaging reports (Nuance mPower,
contrast-enhanced computed tomography (CT) studies
performed in our emergency department between January
1, 2023, and January 1, 2024. Only contrast-enhanced CT
studies conducted in the CT suite equipped with the syr-
ingeless multidose injector device (CT Motion Contrast
Media Injector, GE Healthcare, WI, USA) were included
in the analysis. This injector features a closed-system me-
chanism with one-way valves that prevent backflow of
fluids into the contrast container. This design ensures that
once contrast media enters the tubing, it cannot re-enter
the main container, thereby eliminating contamination risk
and supporting safe use in high-throughput settings. The
CT scanner was a 256-slice MDCT scanner (Brilliance
iCT, Philips Healthcare, Cleveland, OH, USA). 12,290
studies were finally included, and the iodinated contrast
media (ICM) dose usage for each study was recorded. Out
of all studies in the CT suite with multidose injector
(33,406 studies), 21,116 were duplicate examinations for
the same patients. In these cases, which were primarily
trauma patients, contrast was administered only once, but
multiple serial imaging acquisitions were performed on

different body parts depending on the patient’s clinical
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Figure 1. Study selection flowchart.

history (e.g., abdomen and pelvis, chest, head, or ex-
tremities). To ensure accurate dose calculations and avoid
double-counting, we identified and removed these dupli-
cate studies. Finally, 12,290 unique studies were included in
our final analysis (Fig 1).

Calculation of Contrast Usage for Multidose Injector

The multidose injector utilizes 500 mL ICM containers
(Omnipaque 350; GE Healthcare, Boston, MA) which can
be used for up to 8 h once opened.

To determine contrast waste in the multidose injector
system, we developed a waste calculation model in Python
that accurately accounts for contrast media waste by con-
sidering both volume and time constraints (8-hour window
for use) of each container.

We developed a Python-based computational model to
accurately quantify the waste of iodinated contrast media
(ICM) generated by the multidose injector system. This
system uses 500 mL containers of ICM (Omnipaque 350; GE
Healthcare, Boston, MA), which must be discarded eight
hours after opening, regardless of the remaining volume. The
model considers both the volume and time constraints of
each container to provide a detailed analysis of contrast
media utilization in our clinical practice.

The model's input data consisted of the administered ICM
dose, and the exact date and time (hour and minute) of each
injection, as recorded in the imaging reports. Two variables
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were set up initially: “container start time,” to keep track of
time passed since opening a new container, and “total ICM
volume,” to keep track of cumulative consumed ICM vo-
lume. The model processed each record in chronological
order. At the time of the first injection, a new 500 mL ICM
container was considered "opened." For each subsequent
injection, the model updated the total ICM volume, and
time. The model then checks whether container start time
exceeds 8 hours or if the total ICM volume exceeds 500 mL.
If either condition was met, the model marked the current
container as finished and updated the container volume to
500 mL for subsequent injections. It then calculated ICM
waste volume by subtracting total ICM volume from
500 mL.

Comparison with Single-use Contrast Bottles

An intra-patient comparison was conducted to analyze ICM
waste between multidose and single-use injectors across the
12,290 included studies. ICM waste was calculated as if
single-use contrast bottles were used instead of the multidose
injector. At our center, single-use vials are available in
50 mL, 100 mL, and 200 mL sizes. For each study, the most
appropriate vial size was selected based on the required ICM
volume, with any remaining volume in the vial after each
injection recorded as waste.

Contrast Waste Calculation in Different Patient
Workflows

To study the effect of patient volume on ICM waste in
multidose injectors, First, daily patient counts were re-
corded over a one-year period, resulting in a dataset with
patient volumes ranging from a minimum of 20 to a
maximum of 54 patients per day. As this dataset did not
include days with lower patient volumes (< 20 patients
per day). A Python script was used to randomly remove
50% of patients from the original dataset, creating a si-
mulated dataset to represent a setting in which a 24-hour
injector is continuously reloaded, with daily patient vo-
lumes below 20. Using the previously described ICM
waste calculation model, we calculated the daily ICM
waste for this new dataset. From this dataset, we extracted
days with patient volumes less than 20 and recorded their
daily ICM waste. These data were then combined with the
original dataset to form a comprehensive dataset encom-
passing a wider range of patient volumes.

The combined dataset was stratified into six subgroups
based on daily patient volumes: Group 1 comprised days
with fewer than 10 patients per day; Group 2 included days
with 10-19 patients per day; Group 3 consisted of days with
20-29 patients per day; Group 4 included days with 30-39
patients per day; Group 5 consisted of days with 40—49 pa-
tients per day; and Group 6 included days with 50 or more
patients per day. We then calculated the annual ICM waste
and mean per patient ICM waste for all subgroups.

Statistical Analyses

Quantitative variables were reported as means and standard
deviations when the data were normally distributed, and as
medians with interquartile ranges when the data were
skewed. Frequency counts and percentages were used to
report categorical variables. Contrast savings were expressed
as percentages in comparison to conventional single-dose
injectors.

The Spearman correlation test was employed to assess the
correlation between patient volume and ICM waste A p-
value of < 0.05 was considered to be statistically significant.
Statistical analyses were conducted using IBM SPSS Statistics
software, version 26.0 (IBM, Inc, Chicago, IL), and STATA
software, version 4.2.1 (Stata Corp, LLC, College
Station, TX).

RESULTS
Patient Throughput Analysis

A total of 12,290 contrast-enhanced CT studies were per-
formed using the multidose syringeless injector over the
course of one year. The mean number of patients per day
was 33.6 £ 6.8 (Table 2). Annual analyses revealed that the
daily patient count ranged from 20-29 on 108 days (29.6%),
and 30-39 patients, on 195 days (53.4%) of the year. Higher
patient throughputs were less common: 40—49 patients on 52
days (14.5%) and more than 50 patients on 10 days (2.7%) of’
the year (Fig 2).

Monthly analyses showed that in all 12 months of the year,
the majority of days had a patient count of 20-39 per day
(Fig 2.
workloads, with a high frequency of days having 40-49
patients (November: 10 days, 33.3%; December: 16 days,
51.6%) and 50-59 patients (November: 4 days, 13.3%; De-
cember: 4 days, 12.9%). In contrast, January and March were

November and December experienced busier

less busy months, with no days exceeding 39 patients (Fig 2).

lodinated Contrast Medium Use Per Patient

The mean ICM dose per patient was 100.7 + 2.2, The
majority of patients (8522; 69.34%) received an ICM dosage
of 100 mL per patient, with contrast-enhanced CT abdomen
and pelvis being the most common procedure in this group.
A dose of 50-90 mL was administered to 2530 patients
(20.59%), most commonly for pulmonary CT angiography.
Next, 150-199 mL was administered to 1028 patients
(8.36%). The least common individual ICM dose groups
were 100-149 mL in 163 patients (1.33%), 200-350 mL in
37 patients (0.30%), and < 50mL
(0.08%) (Fig 3).

in 10 patients

Comparison of Annual ICM Waste

In total, the annual ICM waste was 115,700 mL using single-
dose 100 mL contrast bottles and 16,020 mL for the
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TABLE 1. Annual and Per Day ICM Waste in Single-Dose vs Multidose Injectors Overall and Across All Patient Volume Subgroups.
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Annual ICM
Waste

Annual ICM waste
Single-dose (mL)

Annual ICM waste
Multidose (mL)

Mean per day ICM waste

Single-dose

Mean per day ICM waste

Multidose

Patient number per day

(Mean = SD)

Patient number

groups

changes (%)

(Median, 95%Cl)

(Median, 95%Cl)
356.8, [200-525]
191.2, [82.5-280]
43.2, [0-45]
32.7, [0-25.5]
4.9, [0]

0, [0]

910 +331.3
+16

3925

82.72, [50-125]

0.48

8.6

Group 1 <10

41,277
27,668
63,833
19,439
4760

49,150
9087

161.2, [100-200]
256, [175-301.5]
329, [235-400]

25

+

15.3

Group 2 10-19
Group 3 20-29
Group 4 30-39
Group 5 40-49

Group 6 > 50

All*

-67.2
-89.5
-98.7
-100

+ 242
2.6
2.7

28.3

6680
253

33.6

373.8, [305-460]

476, [385-555]
317, [225-400]

+

43.6

+ 2.68
6.8

51.8

-86.1

115,700

16,020

43.2, [0-45]

33.6

*This row includes only the groups from original dataset (Group 3 to 6).

syringeless multidose injector. This represents an 86.1% re-
duction in annual ICM waste (Fig 4). The mean ICM waste
per day also decreased by 86.4%, from 317mL
[225-400 mL]| per day with the single-dose injector to
43.2mL [0—45 mL] per day with the multidose injector
(Table 1). These findings are based on data from our high-
volume emergency department and may differ in settings
with lower patient volumes.

Comparison of Annual Waste in Different Patient
Throughput

The number of patients per day, ICM waste per day, and
annual ICM waste were calculated across patient throughput
subgroups from the original dataset. The annual waste was
considerably higher for Group 1 (3925mlL), Group 2
(49,150 mL), Group 3 (9087mL) and the Group 4
(6680 mL) with less than 40 patients per day compared to
Group 5 and 6 with more than 40 patients per day. In Group
5 (40-49 patients per day), the annual waste was only
253 mL, and in Group 6 (> 50 patients per day), the waste
was zero, indicating that all loaded contrast in the containers
was used before 8h had passed, eliminating the need to
discard any remaining contrast (Table 1, Fig 5).

Contrast savings compared to the single-dose injector
were significantly higher in Group 4, 5 and 6, at 89.5%,
98.7%, and 100%, respectively, but relatively lower in the
group 3 (67.2%). In contrast, in group 1 annual contrast was
about three times higher than single-dose injector and in-
creased by 16% in Group 2 (Table 1).

The Spearman correlation coefficient showed a significant
negative correlation between ICM waste and the number of
patients per day (r = —0.365, p < 0.0001) (Fig 6).

Comparison of ICM Waste Per Patient

ICM waste per patient was considerably higher in multidose
injector compared to the single-dose injector in Groups with
patient volume < 20. The mean ICM waste per patient was
about two and a half times higher in the days with patient
volumes of < 10 patients per day and increased by 71.4% in
days with 10-19 patients scanned per day. Conversely, in
groups with patient volumes 2 20 per day, waste was reduced
compared to the single-dose packaging. In Group 3 with 2029
patients per day, the ICM waste per patient was decreased by
53.9%, and it was decreased by 88.5% in Group 4. In Groups 5
and 6 (2 40 patients per day) multidose injector mean ICM
waste per patient was near-zero (Fig 7, Table 2).

DISCUSSION

The production of single-use medical supplies in radiology,
especially iodinated contrast material (ICM) for CT imaging,
significantly contributes to waste and greenhouse gas emis-
sions (2,3). ICM, typically supplied in single-use plastic vials,
results in substantial waste. Our study aimed to quantify the
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TABLE 2. Comparison of ICM Waste Per Patient (mL) Across All Patient Volume Subgroups

Group Patient number Per patient ICM Waste Per patient ICM Waste Single- ICM Waste
name (per day) Multidose (Mean + SD) dose (Mean = SD) changes (%)
Group 1 <10 36.8+4.8 9.8+2.3 +160.7
Group 2 10-19 12.3+2.8 10.2+£2.2 +71.4
Group 3 20-29 45+25 9.7+2.1 -53.9
Group 4 30-39 1.1+0.6 9.6+x2.4 -88.5
Group 5 40-49 0+0 8.6+2.3 -100
Group 6 >50 0+0 9.2+27 -100
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Figure 2. Monthly patient throughput (number of patients per day).

ICM waste from these syringeless multidose injectors com-
pared to single-dose injectors and assess the impact of patient
volume on waste savings.

Our study revealed a significant reduction in annual
waste—=86.1%—when using the multidose injector com-
pared to single-use contrast bottles. This finding under-
scores the substantial ICM waste reduction achievable,
even when the 8-hour limit on 500 mL contrast containers
is applied.

We also examined the impact of patient throughput and
found a strong correlation between waste and patient vo-
lume. Specifically, waste was nearly zero for CT suites
handling over 40 patients per day, which equates to almost
two patients per hour. This suggests that CT suites with high

patient throughput, operating 24 h a day and scanning one to
two patients per hour, would greatly benefit from adopting
multidose injectors. These facilities can maximize the use of
contrast media within the 8-hour limit, thereby minimizing
waste and enhancing cost efficiency.

Our original data came from a tertiary academic care center
with a high patient throughput in the ED CT suite. To assess
the impact of lower patient volumes, we generated a new da-
taset by randomly excluding half of patients from the original
data. This approach allowed us to explore the effects of varying
patient volumes on waste reduction. We discovered that patient
volumes of less than 20 per day—around one patient per
hour—resulted in significant waste. This finding is particularly
important for outpatient centers with lower patient volumes.
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Figure 3. The most common ICM dose per patient across all patient volume subgroups with relative frequencies (%).

140000

120000

100000

80000

60000

Annual Waste (mL)

40000

20000

Multidose Single-Dose

Figure 4. Annual ICM waste (mL) in multidose vs single-dose injectors.

By understanding the limitations and advantages of multidose Other studies have demonstrated the waste reduction
injectors in different settings, radiology departments can make benefits of employing multidose ICM injectors. Three stu-
informed choices that align with their operational needs and dies reported near-zero ICM waste (16—18), while one study
sustainability goals. observed a 73% reduction (7) with multidose injectors.
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Figure 5. Annual ICM waste (mL) in multidose vs single-dose injectors across all patient volume subgroups.
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Figure 6. The scatter plot shows the correlation of ICM waste (mL) per day to the patient number per day. The plot also highlights the linear
fit for the correlation. Spearman correlation coefficient was r = -0.365 with a p-value of < 0.0001.
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Figure 7. Comparison of mean ICM waste per patient (mL) across all patient volume subgroups.

However, none of these studies accounted for the 8-hour
limit on the use of contrast containers, which could lead to
significant waste in settings with low patient volumes. One
study assumed that technologists would avoid spiking a large
volume of multi-use contrast agent for a single patient at the
end of the workday, which could reduce waste to some
extent (16). However, this strategy is practical only in centers
that do not operate around the clock. In 24-hour facilities,
where patient flow is unpredictable, it is difficult for tech-
nologists to accurately foresee when no additional patients
will arrive and stop loading a new container.

The environmental benefits of multidose injectors extend
beyond reducing ICM waste. Studies have shown that
multidose contrast media bottles are a more environmentally
friendly option for ICM packaging. These bottles generate
42% less plastic waste per unit of ICM compared to single-
dose bottles. Additionally, the multidose delivery system can
precisely titrate doses using a roller pump and eliminates the
need for single-use administration syringes, which constitute
a significant portion of discarded plastic (7). Overall, the total
weight of plastic waste is estimated to decrease by 84.6% to
92.6% (7,16).

Previous studies have shown that the adoption of multi-
dose injectors significantly enhances the efficiency of CT
image acquisition as it has a high capacity for contrast media
(CM) and saline loads (1000 mL), which supports 8 to 15
contrast-enhanced CT examinations depending on the type
and body part being scanned. As a result, the room equipped
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with the syringeless injectors can accommodate more pa-
tients, averaging an additional 2.6 patients per day (19).
Additionally, operational efficiency is improved with mul-
tidose injector compared to single-dose injectors. With the
multidose injector, the ICM container, pump tubing, and
plastic spike only need to be set up once every 8 h. For each
individual patient, the only preparation step required is re-
placing the patient tubing, a quick process that takes less than
a minute. In contrast, the single-use syringe-based injector
requires a more involved setup for each patient. For each
injection, the appropriate contrast bottle must be selected,
plastic syringes must be inserted, and contrast and saline
loaded manually. This setup process for the single-use in-
jector takes a couple of minutes per patient. A study found
that CT technologists spend an average of 40.5s less per
exam with multidose injectors compared to single-dose in-
jectors, and they subjectively rate the multidose injectors
higher in work efficiency, user-friendliness, and overall sa-
tisfaction. Equipment preparation and release times per ex-
amination are also reduced (16-18). This efficiency is
accompanied with considerable cost savings (11-17). The
adoption of multidose injectors at an institutional level can
yield impressive annual savings, estimated to be between
$31,800 and $494,000 (7,19). Patient costs per examination
are reduced by up to $12.84 to $14.66 (11). Additionally, the
syringeless power injector (PI) system saves about €6.18 per
patient, attributed to the lower cost of devices and enhanced
performance (17).
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Several strategies can be used to maximize ICM savings
with multidose injectors. Adaptive weight-based dosing
minimizes excess contrast by ensuring that the administered
ICM volume is precisely aligned with each patient's body
weight. Additionally, analyzing departmental patient volume
data can identify predictable low-volume intervals, such as
post-midnight hours. Forecasting these periods enables
technologists to make informed contrast-loading decisions,
thereby reducing waste. During these low-volume periods,
rather than loading a full 500 mL container, a smaller volume
(e.g., half of the container) can be loaded to minimize ICM
waste during these intervals.

Our study had limitations. In this study, we analyzed ICM
volume and scan timing data from a continuously operating,
24-hour emergency department setting, where patients are seen
on an as-needed basis rather than by appointment. This un-
scheduled workflow results in varying levels of ICM waste
depending on daily patient volume, with minimal waste ob-
served when patient volume exceeds 40 per day. Our findings
suggest that the more frequently a multidose injector is used,
the greater the ICM savings compared to single-dose injectors.
Thus, multidose injectors may also be suitable for outpatient
settings with lower daily patient volumes, provided that con-
trast-enhanced CTs are scheduled consecutively within the
ICM container 8-hour usage window. Future multicenter
studies, including both outpatient and inpatient settings in
elective and emergency contexts, are recommended to validate
these findings and enhance the generalizability of our results.

The mean per patient ICM dose is also an important
consideration for the generalizability of our findings. In our
study we concluded that daily patient volume > 50 would
result in zero ICM waste. On these high-volume days, pa-
tient volume is more than 50 patients over 24 h, or at least 2
patients per hour, with a mean per patient injected ICM dose
of approximately 100 mL. This results in a total injected
volume of at least 200 mL of ICM per hour (2 patients/
hour X 100 mL/patient). Each 500 mL container is there-
fore fully consumed in approximately less than 2.5 h (500 mL
+ 200 mL/hour = 2.5h), well within the 8-hour usage
window, ensuring no residual contrast is wasted.

We recognize, however, that variability in the mean
ICM dose may affect generalizability of our findings as
these calculations are based on the fact that the dataset used
in our study has a mean per patient ICM volume= 100. If
the mean dose were lower, such as 50 mL, total injected
volume would decrease to 100 mL per hour, with each
500 mL container used in about 5 h, still within the 8-hour
window, resulting in zero waste. Likewise, if the mean
dose was higher, hypothetically at 200 mL per patient,
total injected volume would increase to 400 mL per hour,
with each container used in 1.25h. Thus, even with
variation in mean per patient ICM dose, zero waste is
achievable with daily patient volumes higher than 50. This
shows that in high-volume settings, where contrast is in-
jected at a rate that allows each container to be fully used
within the allowed 8-hour time window, multidose

injectors can effectively eliminate ICM waste. Future
studies are needed to validate these findings.

CONCLUSION

Our study demonstrates that multidose injectors in CT suite
reduce annual waste by 86.1% compared to single-use con-
trast bottles, even with the 8-hour usage window for using a
500 mL container. High patient throughput centers mana-
ging over 40 patients per day can nearly eliminate waste,
maximizing contrast media efficiency and cost-effectiveness.
However, facilities with low patient volumes may experi-
ence significant waste due to limited utilization within the 8-
hour timeframe. Thus, while multidose injectors offer sub-
stantial benefits for high-volume centers, careful planning
may be needed to ensure their effective use in lower-volume
settings, optimizing sustainability and cost savings.
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