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Abstract

Background: Home-based subcutaneous immunoglobulin (SClg) therapy is the standard of care for patients with primary
immunodeficiency, offering convenience and cost-effectiveness. Optimizing infusion time is critical to improving patient experience,
but comparisons of supply selections used in infusion protocols remain limited. Objective: This study aimed to evaluate and compare
the performance of select supplies from two different subcutaneous infusion pump manufacturers (referred to as KORU and EMED)
in optimizing infusion time for patients undergoing SClg therapy. Method: Data from 103 patient protocols were analysed, with 97
using KORU devices and 6 using EMED devices. Infusion times were estimated using both original and optimized protocols for each
brand’s supplies. Optimizations involved adjusting needle sites and tubing while ensuring adherence to drug dose and manufacturer-
specified limits. Results: The KORU device protocols showed a significant reduction in mean infusion time, decreasing from 87.77
minutes to 41.04 minutes (p < 0.001), saving patients an average of 1 day, 15 hours, and 22 minutes annually. EMED protocols
reduced infusion time from 125.00 to 64.80 minutes (p = 0.067), with an annual savings of 2 days, 5 hours, and 59 minutes. A second
optimization for EMED protocols allowed for additional needle sites, further reducing infusion time. The difference in time reduction
between KORU and EMED was statistically significant (p = 0.012). Conclusion: Optimization of infusion protocols can significantly
reduce infusion time for patients. KORU devices demonstrated superior time saving compared to EMED devices. Further research is
necessary to explore the factors influencing the differences in performance between the two systems.
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Introduction
Background/rationale

Home-based subcutaneous immunoglobulin therapy has been
gaining popularity among patients with primary immunodeficiency.
This treatment modality is trending toward being the standard
of care for maintenance therapy for primary immunodeficiency
diseases [1]. Patients choose this [gG administration route over
intravenous administration due to several factors, including poor
venous access, systemic adverse reactions to IV therapy, and
patients with anti-IgA antibodies thought to be a risk factor for
more severe generalized reactions [2]. Home-based subcutaneous
therapy also reduces treatment cost [3,4,5]. In a 2023 study of
Hizentra the estimated cost savings was $32,447 per annum per
patient in the United Sates, compared to IVIG [6]. Subcutaneous
home-based IgG treatment also provides quality of life benefits
such as autonomy, participation, and perceived health [7,8].

Mechanical, non-programmable subcutaneous infusion pumps are
frequently chosen for SCIg therapy due to their portability, ease of
use, and the fact that they do not require an external power source,
making them highly convenient for patients. These pumps rely
on simple mechanical principles and, therefore, do not provide
programmable control over infusion rates. Instead, clinicians
must manage the infusion rate through external factors. Although
powered, programmable pumps are chosen based on the clinical
needs and preferences of a subset of patients on subcutaneous
immunoglobulin therapy (i.e. pediatric patients prescribed low
volume doses and patients generally expressing strong preference
for even greater portability), non-programmable infusion pumps
are most often chosen preferentially for the majority of patients

[11].

A variety of elements affect the overall infusion rate when
using non-programmable pumps, including the use of flow rate
tubing (also known as fixed-rate tubing) or flow control devices.
Additional factors such as atmospheric pressure, ambient
temperature, tubing diameter, pump elevation, and the viscosity of
the medication can all impact the infusion rate [13,14,16]. To aid
clinicians in determining the optimal infusion protocol for each
patient, manufacturers of mechanical infusion pumps have made
flow rate data based on validated bench testing methods available
to clinicians. This information allows clinicians to estimate
infusion times based on the combination of medication properties,
pump characteristics, and ancillary supplies like tubing and needle
sets [15,17].

These validated flow rate data, publicly available, provide
clinicians with nominal infusion rates derived from bench testing

under controlled conditions [12]. Clinicians can use these tools
to compare infusion times across different pumps and devices
[15,17]. Given that SClg infusions typically take 1 to 2 hours
and are often required weekly or more, it is the responsibility of
clinicians to select equipment that minimizes the infusion time
without compromising patient outcomes, as reducing time burden
is critical for patients with already significant medical needs [18].

In summary, reliable and accessible flow, rate data is essential
to support pharmacy staff and clinicians in optimizing infusion
protocols for patients receiving SClg therapy. Such data must
be designed and presented with relevance to specific clinical
cases, allowing for selection of appropriate products tailored
to each patient’s therapy. This ensures that pharmacy staff can
provide accurate, efficient infusion protocols without the barriers
of limited product options or usability constraints. An intuitive
and comprehensive interface helps streamline decision-making
and minimizes manual flow rate calculations, thereby reducing
clinician time burden, ensuring adherence to quality standards,
and ultimately enhancing the patient’s infusion experience by
optimizing or reducing the patient’s infusion time.

Objectives

The objectives of the study were to 1) evaluate and compare the
effectiveness supply selection and infusion protocols for two
subcutaneous infusion pumps, KORU and EMED, in optimizing
infusion time for home-based subcutaneous immunoglobulin
(SClg) therapy in patients with primary immunodeficiency; 2)
determine the extent to which infusion times could be reduced
through protocol optimization by selecting alternate supplies; 3)
assess the annual time savings achieved by optimizing protocols
with the KORU and EMED infusion systems; and 4) explore
any significant differences in the performance of the two systems
when making supply changes, including the effect of adding
additional needle sites during optimization. The Freedom60 and
Freedom EDGE pumps, manufactured by KORU, are designed
with a negator spring that applies a nearly constant force over
the entire range of motion. The SCIg60 and Versa Pump devices,
manufactured by EMED, are designed with a compression spring
which applies greater force with greater levels of compression.
It is theorized that since KORU pumps apply a nearly constant
force to the syringe plunger during subcutaneous infusions, it will
enable end-users of KORU’s system to achieve a greater degree
of infusion time optimization when compared to EMED when
selecting different combinations of infusion supplies.

Hypotheses

1. Protocols optimized using the KORU infusion system
would result in significantly shorter infusion times compared to
those optimized using the EMED infusion system.
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2. Optimization of infusion protocols would lead to a
significant reduction in infusion time across both systems.

3. The KORU system would demonstrate superior
performance in time optimization due to its simpler data interface
input and the higher number of needle sites used in the original
protocols.

Methods

Cross-sectional data were collected in the form of maintenance
infusion protocols from active patients provided by a large specialty
pharmacy in June of 2022. A total of 250 protocols were collected.
Protocols utilizing exclusively KORU or EMED supplies (syringe
driver, tubing sets, and needle sets) were included in the study
to ensure that valid supply configurations corresponded with
KORU’s or EMED’s infusion system, respectively. In total, 103
protocols utilizing exclusively KORU or EMED supplies (syringe
driver, tubing sets, and needle sets) were included. Manufacturer-
provided flow rate data sets are specifically designed to provide
infusion rate results that have been validated exclusively for use
with the respective manufacturer’s supplies, including pumps,
flow tubing, needle sets, and flow controllers. Although it is
common practice in many clinical settings for pharmacy providers
to combine supplies from various manufacturers to meet patient
needs, these mixed-product configurations have not undergone the
necessary validation testing to be represented accurately in the use
of manufacturer-specific flow rate data sets. As a result, infusion
rates calculated using these manufacturer-specific tools may not
accurately reflect the performance of such mixed configurations,
potentially compromising the precision of infusion time estimates.
There were 147 protocols that used a combination of pumps, tubing
sets, and needle sets from different manufacturers, which could
not be accurately evaluated using the respective validated data sets
for either KORU or EMED and were subsequently excluded from
the study. One protocol was excluded from the optimization phase
that evaluated annual timesaving, as the dose frequency for this
protocol was not specified.

This study has three result sections. All three sections report
infusion time simulations using the drug and dose prescribed to
the patient in their original protocol. In Section 1, protocols that
included exclusively KORU devices were first evaluated, then
optimized using the KORU flow rate data set to achieve a shorter
overall infusion time where possible. Infusion time optimization
was performed by adjusting the number of infusion sites, the
needle gauge, and the tubing set. Where applicable, an additional
subcutaneous infusion site was added to the optimized protocol
unless this surpassed the maximum number of allowable sites for
the infusion parameters outlined in the full prescribing information
of the respective drug. In instances where the original protocol
exceeded the recommended volume per infusion site per the

full prescribing information of the drug manufacturer, the new
optimized protocol was permitted to exceed the recommended site
volume by an amount less than or equal to the original protocol.
At the time of the study, an adjustable flow rate controller was not
available for KORU supply configurations. The specific pump used
in the protocol was not permitted to change during optimization.

Section 1 describes the devices used and presents simulated
original infusion times, optimized infusion times, and the total time
saved per infusion, per year, and per drug, using the number of
infusions required annually for each individual infusion protocol.

Section 2 presents analogous results for protocols using exclusively
EMED device configurations. The original protocols were
evaluated and optimized in these simulations using the EMED
flow rate data set. Where possible, the same approach as KORU
protocol optimization was used for EMED, with minor differences
arising from the different inputs required by the respective data set
interfaces. Infusion time optimization was performed by adjusting
the number of infusion sites, the needle gauge, and the tubing
set. Where applicable, an additional subcutaneous infusion site
was added to the optimized protocol. As an adjustable flow rate
controller is available for use with EMED, the maximum allowed
flow rate option on the flow rate controller was selected for both
the original and optimized protocols. The manufacturer of EMED
offers two product lines for tubing sets; the tubing set product line
was not permitted to change during optimization. The pump was
not permitted to change during optimization for EMED.

Section 3 compares KORU and EMED flow rate results using
a subset of 55 KORU protocols and 5 EMED protocols using
Hizentra. Mean infusion times are presented and compared before
and after optimization. Optimization results are also presented
and compared. Statistical analyses were performed to evaluate
the KORU and EMED protocols before and after optimization.
Considering the reduction in mean infusion time after optimization
for KORU and EMED results individually, the reduction for
KORU from 87.71 minutes to 41.04 minutes was statistically
significant (p < 0.001, two-tailed paired t-test). The reduction
for the EMED results from 125.00 minutes to 64.80 minutes
yielded a p value of 0.067 with a two-tailed paired t-test. A two-
tailed t-test was performed to compare original protocol results
between KORU device patients and EMED device patients. The
result was not statistically significant (p = 0.102). The same test
was performed between optimized results. The KORU mean
after optimization was superior (shorter infusion time) than the
EMED mean (p = 0.012). A two-tailed t-test was also performed
on minutes per milligram infused on the original protocol and
the optimized protocol. This test yielded a probability of p =
0.0712. To adjust for potential differences between the original
protocols for all-EMED and all-KORU configurations, as well as
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the relatively low number of all-EMED protocols represented in
this analysis, a second optimization calculation was made for the
all-EMED device patients. This second optimization allowed two
additional needle sites instead of one; but otherwise following the
strategy identified in Table 2. These results were compared to the
all-KORU optimized results using only one additional needle site.
A discussion and conclusion follow the three result sections.

Infusion time saving by infused drug after optimization are
presented in Table 4. Results range from 17.00 minutes to 46.67
minutes, with a weighted mean of 38.94 minutes. The different
number of patients taking each of the different drugs is accounted
for in the weighted mean. The mean dose, mean number of sites,
and mean time saving with optimization listed in Table 4 are
results per infusion.

Results 24G Needle Set Original Optimized
Section 1. KORU Flow Rate Protocol Simulation Results 24G 1 Needle, N (%) 4(4.1) 0 (0)
Demographics and the number of drug infusion protocols (Drugs 24G 2 Needle, N (%) 20 (20.1) 4(4.1)
Infused) are shown in Table 1. Tube sets and needle sets used to 24G 3 Neodle. N (% 993 35 (361
simulate the original protocol and the ‘optimized’ protocols are cedle, N (%) ©-3) (36.1)
shown in Tables 2 and 3, respectively. 24G 4 Needle, N (%) 2(2.0) 14* (14.4)
Drugs Infused Total 24G, N (%) 35 (36.1) 53 (54.6)
Drug N %, 26G Needle Set Original Optimized
Xembify 3 0.031 26G 1 Needle, N (%) 0(0) 0(0)
Hizentra 55 0.567 26G 2 Needle, N (%) 16 (16.5) 0 (0)
Gammagard 4 0.041 26G 3 Needle, N (%) 15 (15.5) 1(1.0)
i .34
Cuvitru 33 0.3 26G 4 Needle, N (%) 20 (20.1) 12 (12.4)
Cutaquig 2 0.021
26G 5 Needle, N (%) 8(8.0) 20 (20.6)
Total 97 1
26G 6 Needle, N (%) 3(3.1) 8(8.3)
Demographics N=97 26G 7 Needle, N (%) 0(0) 33.1)
Male, N (%) 26 (26.8) Total 26G, N (%) 62 (63.9) 44 (45.4)
Age, years, mean (SD) 59.4 (19.8) o o
- Table 3: KORU Original Needle Sets and Optimized Needle Sets.
Height, cm, mean (SD) 164.6 (15.2)
Weight, kg, mean (SD) 753 (22.7) In nine of 97 patients the original protocol yielded values that

Table 1: KORU Demographics and Drugs Infused.

Tube Set Original | Optimized
F180, N (%) 2(2.1) 0(0.0)
F275,N (%) 6(6.2) 2(2.1)
F420, N (%) 9(9.3) 1(1.0)
F500, N (%) 1(1.0) 1(1.0)
F600, N (%) 16 (16.5) 0(0.0)
F900, N (%) 14 (14.4) 15 (15.5)
F1200,N (%) | 29 (29.9) 9(9.3)
F2400, N (%) | 20 (20.6) 69 (71.1)

Total 97 97

Table 2: KORU Original Tube Sets and Optimized Tube Sets.

exceeded the drug manufacturer’s recommendations for site
flow rate or site volume, or both. In these cases, warnings were
indicated in the flow rate data set interface for KORU’s system.
Optimizations either eliminated these warnings or yielded site
volume values equal to or less than the outputs in the original
protocol, making the optimized values either within or closer to
the infusion parameters outlined in the full prescribing information
for the medication.

4

Int J Nurs Health Care Res, an open access journal

ISSN: 2688-9501

Volume 08; Issue 07



Citation: Pratt CJ, Rutland B, Southworth C, Wall D (2025) Enhancing Efficiency in Home-Based Subcutaneous Immunoglobulin
Therapy: A Comparative Analysis of Supply Selection for Infusion Time Optimization. Int J Nurs Health Care Res 8: 1657. DOI: https://
doi.org/10.29011/2688-9501.101657

KORU Optimized Protocol Allowing One Additional Site
Drug N Mean Dose, Mean Number of Sites, Original Mean Time Savings with Optimization,
grams Protocol Minutes
Xembify 3 15 3 17
Hizentra 55 13.7 34 46.7
Gammagard 4 16 4.8 12
Cuvitru 33 15 22 31.7
Cutaquig 2 14 3 32.5
Total 97 Weighted Mean 38.9

Table 4: KORU Time Savings Achieved with Optimization, by Drug.

A comparison of KORU tube sets selected before and after optimization is presented in Figure 1. A substantially larger proportion of the
highest flow-rate tube set was selected in the optimization phase of the simulation (70.10% versus 20.62%, respectively).

Figure 1: KORU Tube Sets Used, Original vs. Optimized.

Needle sets selected before and after optimization are presented in Figure 2. A higher proportion of protocols included 24 Gauge needles
after optimization than with the original protocols (54.64% versus 36.08%, respectively).
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Figure 2: KORU Needle Sets Used, Original versus Optimized.

Mean infusion time by drug is presented in Figure 3, before and after optimization. All drug infusions were faster after optimization.

Figure 3: KORU Infusion Time by Drug, Original versus ‘Optimized.
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Mean infusion time saving over a one-year period following optimization are presented in Table 5 by drug. These results were calculated
by multiplying the time saving for a single infusion by the total number of infusions per year originally prescribed for the patient.

Range and Mean of Time Savings Over 1 Year with Optimization by Drug, KORU Protocols
Drug N Lowest Savings (h) Highest Savings (h) Mean SaVi([;l%s per Year

Xembify 3 2.6 31.2 13.9
Hizentra 54% 6.1 214.9 394
Gammagard 4 1.7 26.9 10.4
Cuvitru 33 0.9 143 25.1
Cutaquig 2 9.5 46.8 28.2

*One of the 55 patients who was prescribed Hizentra was excluded because the dose frequency was unspecified in the original protocol

Table 5: Range and Mean of Time Savings Over 1 Year with Optimization by Drug, KORU Protocols.
Section 2. EMED Flow Rate Protocol Simulation Results

In addition to the 97 protocols using exclusively KORU devices, there were 6 protocols using exclusively EMED devices, and eligible
for evaluating the estimated infusion times of the original protocols against protocols optimized by using the EMED flow rate data set.
Demographics are presented in Table 6. Five of these patients were treated with Hizentra and one was treated with Cuvitru. Three of
these patients exceeded dose per site per the EMED flow rate data set interface, using their original protocol. Times per infusion, along
with the original protocol tube sets and needle sets, are presented in Table 7. In protocols using the adjustable flow rate controller,
the highest flow rate presented in the drop-down menu was always selected when calculating the original protocol and the optimized
protocol infusion times.

Demographics N=6
Male, N (%) 1(0.2)
Age, years, mean (SD) 63.2 (16.6)
Height, cm, mean (SD) 168.4 (7.6)
Weight, kg, mean (SD) 87.3(27.3)
Table 6: EMED Demographics.
Infusion Time by EMED Flow Rate Data Set, Original Protocol
. Dose .. Original Flow Rate Original Needle Set, Infusion
Patient (gm) Drug Original Tube Set Controller Position Including Needle Gauge Time (min)
1 7 Hizentra SCIg VersaRate Plus Variable Set Open 9 mm, 27g, 1-needle set 109.0*
2 14 Hizentra SClg VersaRate Plus Variable Set 3 9mm, 24g, 4-needle set 55
3 3 Hizentra SClIg VersaRate Plus Variable Set Open 12 mm, 27g, 2-needle set 27
4 16 Hizentra SClIg Infuset Tubing 930 mL/hr 930 mL/hr 9 mm, 27g, 2-needle set 192.0*
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5 13 Cuvitru SCIg VersaRate Plus Variable Set Open 9 mm, 27G, 3-needle set 66
6 30 Hizentra SCIg VersaRate Plus Variable Set 2 12 mm, 24G, 3-needle set 242.0*
Mean 115.2

*Exceeds Drug Manufacturer’s Recommended Volume Per Site

Table 7: Original Protocol Infusion Time, Determined by the EMED Flow Rate Data Set.

Table 8 presents infusion times that were optimized using the strategy presented in Tables 2 and 3, on a patient-by-patient basis. Table
8 also shows the tube sets and needle sets selected for the optimized protocol. Time saving per infusion are shown in the right-most
column. Where infusion volume exceeded the drug manufacturer’s recommendations with the original protocol, the optimized protocol
either did not exceed the limit or exceeded the limit by an equal or smaller amount compared to the original protocol.

Infusion Time by EMED Flow Rate Data Set, Optimized
Optimized Flow Optimized Needle Set. Optimized Time Savings Per
Patient Optimized Tube Set P ... P . i Infusion Time, . g
Controller Position | Including Needle Gauge . Infusion, Minutes
Minutes
SCIg VersaRate Plus Variable SCIg EMED 2-site 9mm
! Set Open 27G SUB260 37 32
) SClg VersaRate Plus Variable 3 SCIG EMED 5-site 9 mm 50 5
Set 26G OPT52609
3 SCIg VersaRate Plus Variable 3 SCIg EMED 3-site 12mm 14 13.0
Set 24G SUB312 o
. SCIG EMED 3 site 9 mm
4 SClg Infuset Tubing 930 mL/hr 930 mL/hr 26G OPT32609 87 105
SClIg VersaRate Plus Variable SCIG EMED 5-site 9 mm
> Set Open 26G OPT42509 18 48
6 SClg VersaRate Plus Variable 3 SCIG EMED 4-site 12mm 116 126
Set 27G SAF-Q-412
Mean 57 58.2

Table 8: Time per Infusion Post Optimization, EMED Flow Rate Data Set.

Table 9 shows the yearly time saving per patient that could be achieved by optimizing protocols as indicated by the EMED flow rate data
set. These results were calculated by multiplying the savings for a single infusion by the total number of infusions per year originally
prescribed for the patient. The five patients administered Hizentra had a mean yearly savings of 2 days, 5 hours and 59 minutes. This
result excludes patient 5, who was prescribed Cuvitru (see Table 7).
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Yearly Time Saved Per Patient Via Optimization Per Year, EMED
Patient Time Savilzrgrfill:)er Infusion Doses Per Year Approxirsr::::dY(e;:l)rly Time

1 52 52 45.1
2 5 26 22
3 13 104 22.5
4 105 52 92
5 48 52 41.6
6 126 52 109.2

Mean 51.9

Table 9: Yearly Time Saving Achieved by Optimization, EMED Flow Rate Data Set.
Section 3. Comparison of KORU and EMED Flow Rate Data Sets with Hizentra: Results

There were 55 protocols using exclusively KORU devices to administer Hizentra and 5 protocols using exclusively EMED devices to
administer Hizentra. Demographics are provided in Table 10. There were four pediatric patients in the KORU group (14, 19, 20 and 20
years old) and no pediatric patients in the EMED group.

Table 11 shows the inputs required for the KORU data set interface and the EMED data set interface. The KORU interface required five
different variable inputs, whereas the EMED interface required ten separate entries of information to obtain an estimated infusion time.
Moreover, three of the five data entry variables required by the KORU interface are selected by pointing and clicking on an image. In
the case of needle gauge, needle set code and number of needles, all three variables are selected by pointing on the image containing the
desired selection. These three variables must be entered individually in the EMED interface.

KORU EMED
Demographics N=55 N=5§
Male, N (%) 17 (30.9) 0 (0)
Age, years, mean (SD) 58.0 (20.0) 59.8 (16.2)
Height, cm, mean (SD) 164.8 (6.2) 165.6 (3.3)
Weight, kg, mean (SD) 77.1 (21.5) 80.2 (23.6)

Table 10: Demographics.

Input Required, KORU versus EMED Flow Rate Data Set Interfaces

Variable

KORU Data Set

EMED Data Set

Tube Set /Flow

1. Required, Point and Click

1. Required, Drop Down Menu

or Maintenance

Not Required

Controller
Country/Region Not Required 2. Required, Drop Down Menu
Drug 2. Required, Drop Down Menu, 14 Options 3. Required, Drop Down Menu, 8 Options
Dose 3. Required, mL or mg 4. Required, mL Only
Infusion Type, Initial

5. Required, Drop Down Menu

Infusion Pump

4. Required, Point and Click

6. Required, Drop Down Menu
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Needle Gauge 7.  Required, Drop Down Menu
5. Required, Needle Gauge, Needle Set, and Number of Needles .
Needle Set all Selected Simultaneously by Point and Click 8. Required, Drop Down Menu
Number of Needles 9. Required, Drop Down Menu
Flow Controller . .
Setting Not Applicable 10. Required, Drop Down Menu

Table 11: Required Input Comparison of KORU and EMED Data Set Interfaces.

The KORU and EMED flow rate data sets have been validated for use with specific drugs. At the time of cross-sectional data analysis
and protocol optimization, the KORU data set had been validated for use with 14 immunoglobulins, whereas the EMED data set had
been validated for 8 immunoglobulins. See Table 12. Each immunoglobulin has a different viscosity and may have other differing
properties that affect flow rate; accordingly, it is important to select the correct drug when using either data set interface. As Hizentra
has different infusion parameters depending on the indicated condition, a separate entry for Chronic Inflammatory Demyelinating

Polyneuropathy (CIDP) and Primary Immune Deficiency (PID) are included in each data set interface. This study examines flow rate
data set use for PID only.

Comparison Between KORU and EMED Protocol Results, Hizentra Infusion, Original Protocol vs. Optimized Protocol Plus One
Additional Needle Site
Variable KORU EMED Difference (CI =95%)
N 55 5
Mean Minutes, Original Protocol 87.7 125 37.3
Mean Minutes, Optimized Protocol 41.0%* 64.8* 23.8
Difference, Original vs. Optimized, Minutes 46.7 60.2 13.5
Minutes Per mg Infused, Original Protocol 6.4 8.9 2.5
Minutes Per mg Infused, Optimized Protocol 3.0%* 4.6%* 1.6
Difference, Original vs. Optimized, Minutes 3.4 43 0.9
Mean Number of Needle Sites, Original Protocol 34 2.4 -1
Mean Number of Needle Sites, Optimized Protocol 4.4 34 -1
Difference, Original vs. Optimized, # Sites 1 1 0
Mean mg Hizentra Infused, Original and Optimized 13.7 14 0.3
Percent Outside of Drug Manufgc?urer’s Recommended Flow Rate Per Site, 8/55 (14.6%) 3/5 (60.0%)
Original Protocol
* Difference between KORU and EMED ‘Optimized’ minutes is statistically significant, p =0.012.
**Difference between KORU and EMED ‘Optimized’ minutes per mg is statistically Significant, p = 0.00067.

Table 12: Comparison of KORU Original and ‘Optimized’ Protocol to EMED Protocol Results.

Simulated Results with Hizentra from Field-Practice Protocols

In field use, protocols using exclusively KORU devices had faster simulated infusion times than protocols using exclusively EMED
devices. Results are shown in Figure 4 and Table 12. All results are for Hizentra infusions. In addition, protocols using exclusively
KORU devices had greater time saving after optimization calculations when compared to protocols using exclusively EMED devices. It
was noted upon review of the original protocols that KORU device protocols generally utilized one additional needle site compared to
the original EMED protocols. The reason for this discrepancy is unknown. The difference between the number of sites used in KORU

and EMED original protocols was not statistically significant; but may be considered a statistical trend (p = 0.072; means are presented
in Table 12).
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Figure 4: Comparison between KORU and EMED Infusion
Protocol Results Before and After Optimization.

Another finding is that 3 out of 5 of the original EMED
protocol infusion time results exceeded the drug manufacturer’s
recommended limit for volume of drug per site, compared to 8/55
(14.55%) for KORU protocols. These findings may reflect the
small number of patients in this study using all-EMED devices.
Another possibility is that practitioners may find it harder to
approach an optimal protocol using the EMED data set because
the EMED data set interface requires more complicated input
compared to the KORU data set interface ( Table 11). A comparison
between KORU protocol results and EMED protocol results is
shown in Figure 4 and Table 12. In both the KORU and EMED
‘optimized’ results, one additional site over the original protocol
was allowed. In instances where the original protocol exceeded
the drug manufacturer’s recommended drug volume per site, the
‘optimized’ protocol was selected that delivered a drug volume per
site that was < than the original protocol.

There was no statistically significant difference between means for
the original protocols; the optimized protocols yielded a statistically
significant difference (p = 0.0000067). This comparison removes
the small difference between the mean milligrams infused between
the means compared.

The mean number of needle sites was 4.40, slightly higher than
the all-KORU device patients (Table 12). A t-test between the
mean simulated infusion times for both all-KORU and all-EMED
devices with the additional infusion site optimization was not
significant (55.00 minutes EMED versus 41.04 Minutes KORU, p
=0.136); however, a t-test between these groups on mean minutes
for mg infused (2.99 for KORU, 4.10 for EMED) was statistically
significant (p = 0.013).

Annual time saving for optimized all-KORU device patients on
Hizentra is 1 day, 15 hours and 19 minutes. The annual time saving
for ‘optimized’ all-EMED device patients is 2 days, 5 hours and
59 minutes when ‘optimized’ according to the method in Table
2. These results are based on the annualized number of infusions
prescribed.

Discussion

A body of literature exists addressing methods for minimizing
the cost of IgG therapy in terms of currency expenditure [3-
6,9]. The preference patients have for home therapy versus
therapy performed in a clinic where travel has also been studied
and verified in adults [9] and in pediatric patients [10]; but the
cost to patients in time spent during infusions has received little
attention. This study begins to address the lack of information on
what can be done to save patients’ time. The utilization of flow
rate protocol optimization tools with the objective of minimizing
infusion time presents a clear benefit to patients and providers who
desire to decrease infusion time. This study highlights specific
strategies for achieving this goal, such as increasing the needle
site count and maximizing tube set flow rates. Flow rate data sets
and their interfaces also play a critical role in ensuring adherence
to the drug manufacturer’s specified volumes and flow rate limits,
promoting both safety and efficacy in infusion administration. One
contributing factor to the identified differences may be that EMED
device patients originally utilized approximately one fewer needle
site than KORU device patients. This lower needle site count may
be associated with the greater complexity of the EMED data set
interface, potentially limiting its efficient use. Nevertheless, even
when the number of needle sites was standardized between groups,
KORU device patients continued to exhibit shorter simulated
infusion times. Further research comparing estimated infusion
times with actual clinical infusion times is recommended to validate
these tools. Additionally, the impact of minimizing infusion time
on patient quality of life warrants in-depth exploration.

Limitations

This study is limited by several factors, including a small sample
size of patients using exclusively EMED devices, its retrospective
nature, and reliance on simulated rather than actual infusion times.
Additionally, the study does not consider the acclimation period
that may be required when patients initiate immunoglobulin (IgG)
therapy. Infusion times for some patients may have been extended
by practitioners to mitigate adverse events or to adopt a more
cautious approach (such as in the case of the pediatric population),
but relevant data to account for such adjustments were not
available and, thus, are not reflected in this analysis. Furthermore,
this study examines infusion times in isolation of the gathering,
setup, assembly, and disposal of supplies, all of which may vary
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depending on individual patient and device characteristics such as
device familiarity, device complexity, and manual dexterity.

Conclusion

Optimizing infusion duration offers substantial time saving for
patients, particularly when considered on an annual basis. This
observation applies to both KORU and EMED supply selection,
with patients using exclusively EMED devices demonstrating
longer simulated infusion times compared to those using KORU
devices, in both original and optimized protocols. These findings
suggest a potential advantage of KORU devices in cases where
minimizing infusion time is a priority.
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