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RESEARCH ARTICLE
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Ayala Kobo-Greenhuta,b, Hilel Frankenthalb†, Aziz Darawshac, Avraham Karasikd, Adit Zohar Beja,
Tamir Ben Hure, Dana Ekstiene, Lisa Amirf, Daniel Shahafg, Izhar Ben Shlomob, Iris Shichorg� and
William H. Freyh�
aRisk Management, Validation, Regulation, Haifa, Israel; bZefat Academic College, Zefet, Israel; cEmergency Department, Rambam Medical
Center, Haifa, Israel; dSheba Medical Center, Tel HaShomer, Israel; eDepartment of Neurology, Hadassah Medical Center, Jerusalem, Israel;
fDepartment of Emergency Medicine, Schneider Medical Center, Petakh Tikva, Israel; gSipNose LTD, Yokne’am Illit, Israel; hCenter for
Memory & Aging, Center for Memory & Aging HealthPartners Neuroscience Center, St Paul, MN, USA

ABSTRACT
Current literature lacks structured methodologies for analyzing medical technologies’ impact from the
patient-centered care perspective. This study introduces, applies and validates ‘Patient-Centered Care
Impact Analysis’ (PCIA) as a method for identifying patient-centered care associated demands and
expectations for a particular technology and assessing its compliance with these demands. PCIA
involves five stages: (1) demand identification, (2) ranking demands’ impact magnitude, (3) scoring
demand compliance (DC), (4) demand priority (DP) assignment based on impact magnitude and com-
pliance, (5) generating a summative impact priority number (IPN). PCIA was performed as a compara-
tive assessment of two central nervous system (CNS) drug-delivery platforms; SipNose, a novel
noninvasive Direct-Nose-to-Brain (DNTB), vs. the standard-of-care invasive intrathecal/intracerebroven-
tricular injection (Invasive I/I). Study participants included a ranking team (RT) without experience with
the SipNose technology that based their scoring on experimental data; and a validation team (VT)
experienced with the SipNose platform. All had experience with, or knowledge of, InvasiveI/I. Demand
identification and impact magnitude were performed by one content and one assessment expert.
Each participant assessed each technology’s DC. DP scores, IPN’s and IPN DNTB:InvasiveI/I ratios were
generated for each technology, for each team, based on DC and summative DP scores, respectively.
Both teams assigned DNTB higher DC scores, resulting in higher DNTB DP, IPN scores and
DNTB:InvasiveI/I IPN ratios. Lack of difference between team assessments of DP and IPN ratio validate
PCIA as an assessment tool capable of predicting patient-centered clinical care quality for a new tech-
nology. The significant differences between the platforms highlight SipNose’s patient-care centered
advantages as an effective CNS drug-delivery platform.
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Introduction

The issue of patient-centered care, with an emphasis on
human factors and quality of treatment, is of paramount
importance among pharmaceutical and technological compa-
nies. In fact, patient-centered care is considered a significant
issue in medical technology assessment (MTA), although
practically there is no structured method that analyzes the
medical platforms’ and technologies’ impact from the
patient-centered care perspective.

MTA evaluates medical technology based on medical effi-
cacy as well as economic, socio-cultural, legal, ethical, and
organizational factors (Parsons, 2021). The United States
Food and Drug Administration (FDA) and European
Commission’s notified bodies also evaluate medical technolo-
gies by focusing on technologies’ safe and effective

performance. They rely on clinical trials and risk analyses,
which are powerful tools for evidence based medical product
safety and efficacy evaluation (Sherman et al., 2016; Grennan
& Town, 2020). Additionally, both the FDA’s and European
Commission’s notified bodies require that medical products
undergo quality assessment via the International
Organization for Standardization (ISO) 13485 certified quality
management systems. The ISO 13485 specifies the require-
ments for medical device quality management systems for
the purpose of regulatory and consumer oversight. However,
regulatory oversight and quality assessment do not incorpor-
ate the patient-centered care perspective and thus do not
guarantee the production of high-quality medical devices
from this crucial perspective. In contrast, the principles of
‘quality’ in industry and marketing emphasize meeting the
customer requirements and expectations, or in the case of
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healthcare systems, meeting the patient and/or patient’s
family requirements and expectations. According to the
Institute of Medicine (IOM), medical care should be
‘respectful of, and responsive to individual patient preferen-
ces, needs, and values, and ensures that patient values guide
all clinical decisions’ (National Research Council, 2001).

The concept of patient-centered care, which according to
the IOM is one of the ‘fundamental approaches to improving
the quality of U.S. health care’ (National Research Council,
2001), encourages health care systems to shift their focus
away from treating solely medical conditions or producing
higher quality devices to complying with patients’ expecta-
tions and satisfaction (Michael et al., 2012). In other words,
health care systems need to focus on human factors and
quality of clinical treatment. This shift has positive impact at
both the clinical and organizational levels (Chue, 2006;
Glickman et al., 2010; Bertakis & Azari, 2011; Farrell et al.,
2015; Tevis et al., 2015). For example, there is a positive cor-
relation between patients’ positive experiences and improve-
ment in clinical incidents, reduced repeated hospitalization
rates (Farrell et al., 2015), reduction in health service con-
sumption (i.e. clinical tests, referrals) (Bertakis & Azari, 2011),
and even hospital profitability (Glickman et al., 2010; Tevis
et al., 2015).

Having said that, it should be taken in account that
patient-centered care approach that is predominantly based
on subjective patient experience through surveys and ques-
tionnaires which is common by health organizations world-
wide, is inadequate and in most cases will not lead to the
optimized therapeutic outcome. Organization process assess-
ment exclusively through surveys and questionnaires influ-
enced by patient expectations, communication barriers,
patient health conditions and cultural gaps, somehow disre-
gards the fundamental issue of the quality of clinical care
received (Glickman et al., 2010; Boulding et al., 2011; Wolf
et al., 2012; DeRosier et al., 2002, Cheng et al., 2012).
Moreover, most patients lack the medical knowledge needed
to balance the personal experience and frustrations with the
clinical quality of the care received (Manary et al., 2013).
Thus, patient-centered care should not be guided only by
subjective patient satisfaction, but also by other dimensions
such as clinical quality of treatment assessed by clinicians.

Currently, there is no structured method that analyzes the
impact of medical platforms and technologies from the per-
spective of patient-centered care.

This paper is the first presentation of ‘Patient-Centered
Care Impact Analysis’ (PCIA); a novel structured method that
analyzes medical platforms’ and technologies’ impact from
the patient-centered care perspective. PCIA provides a com-
prehensive simultaneous analysis of a variety of factors that
directly and indirectly affect a particular medical technology/
platform’s impact on the therapeutic outcomes and
patient experience.

Herein we report on PCIA’s implementation via a com-
parative assessment of SipNose, a novel noninvasive Direct
Nose-to-Brain (DNTB) delivery platform that delivers drugs to
the central nervous system (CNS), versus intrathecal and
intracerebroventricular injection (Invasive I/I) as the standard-

of-care invasive technology for CNS drug delivery. Both latter
methods are well-known, widely used, invasive treatment
modalities for the management of central nervous system
(CNS) disorders. These well-established modes of invasive
drug delivery assume that effective delivery of therapeutics
to the brain can only be achieved via a platform that inva-
sively crosses the blood-brain-barrier (BBB). This is deemed
necessary either due to most drugs’ inability to penetrate
the BBB, or in the case of BBB penetrating drugs (less than
2% of existing drugs), due to these methods’ allowing for
low dose of drug to be delivered near the site of action. This
direct delivery to the target site reduces drug adverse effects
and their severity (Delhaas & Huygen, 2020). Conversely, the
noninvasive DNTB technology takes advantage of the physio-
logical structure of the nasal cavity and its proximity to the
olfactory and trigeminal nerve pathways, to allow for effi-
cient direct drug absorption and delivery from the upper
nasal cavity to the CNS along these neuronal pathways,
thereby bypassing the BBB (Chen et al., 1998; Dhuria et al.,
2010; Gomez et al., 2012). Direct nose to brain drug transport
allows for an enormous range of neurotherapeutic molecular
sizes to be delivered noninvasively to the CNS (Chapman
et al., 2013; Kosyakovsky et al., 2021).

Method

Setting

This study presents ‘Patient-Centered Care Impact Analysis’
(PCIA) and its validation, by analyzing the impact of two
technologies that deliver drugs directly to the CNS: the
widely-used invasive intrathecal/intracerebroventricular,
(Invasive I/I) and the novel SipNose Direct Nose to Brain plat-
form, (Noninvasive DNTB).

Participants

Study participants included two independent expert teams: a
ranking team and a validation team.

Ranking team participants had no clinical experience with
the SipNose platform, whereas validation team participants
had real-time clinical experience with the SipNose platform
through their participation as clinicians in prior SipNose clin-
ical studies. All participants had experience with, or medical
knowledge of, the invasive treatment.

The ranking team included: Hilel Frankenthal, MD, a phys-
ician specialist in pediatric critical care; Aziz Darawsha, MD, a
physician specialist in internal medicine, cardiology, and
emergency medicine; and Professor Izhar Ben Shlomo, MD, a
physician specialist in obstetrics and gynecology.

The validation team included: Professor Avraham Karasik
MD MHA- former head of the institute of endocrinology,
Sheba Medical Center, Tel HaShomer, Israel; Professor Tamir
Ben Hur, MD, Ph.D. head, division of medical neurosciences,
Hadassah Medical Center, Jerusalem, Israel; Dr. Dana Ekstien,
MD, Ph.D. head, department of neurology, Hadassah Medical
Center, Jerusalem, Israel; Dr. Adit Zohar Beja, Ph.D. clinical
dietitian specialist in the treatment of eating disorders,
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Sheba Medical Center, Tel HaShomer; Dr. Lisa Amir, MD,
MPH, deputy director, department of emergency medicine
and chair of hospital resuscitation committee, Schneider
Medical Center, Israel.

Patient-Centered Care Impact Analysis (PCIA) terms
and approach

For each technology, PCIA utilizes technology associated
demands and expectations that are patient-centered care
focused to assess the specific technology. We use the term
‘demands’ to refer to these demands and expectations.

Study design

Study design focused on the PCIA model implementation
and validation. Implementation was achieved through PCIA’s
application as an assessment tool for the Invasive I/I treat-
ment and the noninvasive DNTB. This was performed by the
ranking and validation teams independently through ranking
and prioritizing demands in terms of their patient-care cen-
tered impact. The ranking team used clinical and pre-clinical
SipNose data, literature reviews, and their clinical experience
and knowledge. The validation team used their real-time clin-
ical experience with the SipNose delivery technology, and
their medical knowledge and literature for the Invasive I/I.

The PCIA model
PCIA has three goals:

1. To identify the most relevant and essential patient-
centered care associated demands and expectations for
a particular technology.

2. To evaluate the extent to which the technology in ques-
tion meets each of these demands.

3. To provide a summative patient-centered care assess-
ment value for a particular technology.

The PCIA model aims to achieve these goals through
five steps:

Demand identification
The first step involves identifying the demands relevant to
patient-centered care, in terms of clinical quality of treatment
and human factors. This is achieved through expert brain-
storming and literature review followed by editing and
approval by a ranking team. In this study, DS, and IS utilized
brainstorming and literature review (Story, 2012) to identify
the demands relevant to patient-centered care, in terms of
clinical quality of treatment and human factors, in direct
drug delivery to the CNS therapeutic field. The demands
were approved and edited by the ranking team.

Demand impact magnitude ranking
In the second step, an impact magnitude score is assigned
to each identified demand. The term impact magnitude
refers to the magnitude that a demand has on patient

centered care. The rank order of demand impact magnitude
is as follows: I—major impact, II—minor impact.

In this paper, AKG and IBS ranked the demand impact for
the demands identified in the prior step.

Demand compliance ranking
The third step evaluates the extent to which the technology
in question fulfills each demand. For the purposes of PCIA,
we term this fulfillment ‘compliance.’ For each demand, the
degree of compliance is assigned as a rank value (see
Table 1).

In contradistinction to widely used commercially available
‘shelf’ technologies, new products lack longstanding multi-
user familiarity and work experience. Therefore, different
approaches were used to determine demand compliance
ranking for new vs. known technology, respectively.

For new technology, the demand compliance ranking is
determined based on clinical and pre-clinical trial reports
that related to each demand. In this study, the ranking team,
used this approach to rank the SipNose platform’s demand
compliance. The validation team based its scoring on self-
experience with the SipNose technology.

The demand compliance ranking for well known ‘shelf’
products is determined based on clinical expertise and litera-
ture review (Delhaas & Huygen, 2020). In this study, this
approach was used by the ranking and validation teams, to
rank Invasive I/I treatments’ demand compliance. The general
ranking scale for new and ‘shelf’ technologies can be seen in
Table 1.

Demand prioritization
The fourth step incorporates the results of both previous
steps, the impact magnitude and demand compliance rank-
ing, to generate a priority value for each demand and a sum-
mative priority value for each assessed technology.
Prioritization ranking can be High (H), Medium (M), or Low
(L). The demand prioritization scoring method is depicted in
Table 2.

A demand with Major impact (I) and full compliance (A) is
assigned a High (H) priority value. A demand with Major
impact (I) and Moderate compliance (B) is assigned a
Medium (M) priority value. A demand with Major impact (I)

Table 2. Prioritization matrix.

Compliance to demand

Impact intensity of the demand

I—major impact II—minor impact

A—full compliance to demand High Low
B—moderate compliance to demand Med Low
C—minor compliance to demand Low Low

Table 1. The grading scale: the technology/platform’s compliance with
specified demand.

Compliance with demand

A B C

Products’ grading,
for each demand

Full
compliance

Moderate
compliance

Minor
compliance

1756 A. KOBO-GREENHUT ET AL.



and Minor compliance (C) is assigned a Low (L) priority value.
PCIA focuses on demands with major impact to evaluate the
demands most relevant and essential to patient-centered
care, in terms of treatment quality and human factors.
Therefore, all demands with Minor impact (II) are assigned a
Low (L) priority value regardless of compliance ranking.

Subsequently, a summative prioritization value is assigned
to technology in query. This value is generated with the fol-
lowing conversion. Each demand’s priority value (H, M, L) is
converted to a numerical value, such that H¼ 3, M¼ 2, L¼ 1.
The numerical sum of all the demands provides the summa-
tive prioritization value for the technology in question.

In this study, each team was studied in isolation. Each
technology’s summative prioritization value was determined
for each team by counting the sum of H, M, L numerical val-
ues of all participants, for all demands, for invasive treatment
and SipNose treatment. Since there were different numbers
of participants in the ranking and validation teams, this num-
ber was normalized as reflected in step 5 below.

Impact priority number (IPN)
The impact priority number (IPN) is a measure factor in the
number of evaluators and provides a numerical value that
represents a technology’s overall evaluation with regard to
‘Patient-Centered Care.’ The summative prioritization value
for each team and each technology, determined in the previ-
ous step, is divided by the number of participants. In this
study there were three participants in the ranking team and
five participants in the validation team.

PCIA model validation

In this study, the ranking team lacked clinical experience,
especially with regard to the new Noninvasive DNTB technol-
ogy. They determined their PCIA evaluation for the new
technology solely based on research data. In contrast, the
validation team had clinical experience using the new tech-
nology. As such, the ranking team team’s evaluation repre-
sents an anticipated pre-use evaluation whereas the
validation team’s evaluation represents a post-use evaluation.
PCIA model validation was achieved by comparing demand
prioritization for the Noninvasive DNTB and the Invasive I/I
treatments, as calculated by the ranking and validation
teams, respectively. Further validation testing included calcu-
lating the ratio between the impact priority number (IPN)
assigned for both technologies by each team. The ratio for
each team was then compared statistically.

Outcome measures

Primary outcomes included a comparison of each demand’s
ranking by the expert and validation teams’ in terms of the
demand compliance and prioritization, and a comparison of
the impact priority numbers (IPN (for each team. A statistical
lack of significance for each of these validates the PCIA
model in terms of evaluation group correlation.

Secondary outcomes relate to the specific technologies
evaluated. Statistically significant differences between
demand compliance, prioritization and IPN provide an evalu-
ative comparison between Invasive I/I treatment and
Noninvasive DNTB with regards to Patient-Centered Care.
Furthermore, strong correlation between the ranking teams
theoretical ranking (based on clinical, pre-clinical data and lit-
erature) and the validation team’s experienced ranking vali-
dates the model’s ability to serve as a retrospective
assessment tool for well-known technologies and a prospect-
ive assessment tool for new technologies, even before their
actual widespread use.

Statistical analysis

We used a paired t-test to compare between: IPN Validation
team vs. ranking team; IPN noninvasive DNTB treatment vs.
Invasive I/I treatment; prioritization of the technology by val-
idation team vs. ranking team, invasive and noninvasive
treatment. p-Values below .05 indicate statistical significance.

Results

Step 1: demand identification

The Patient-Centered Care demands identified for the tech-
nologies assessed in this study:

1. Drug delivery to the brain/CNS
2. Control of dose accuracy
3. Enabling short time to effect
4. Ability to deliver treatment on as-needed basis (PRN).
5. Minimal user training and retraining. Applicable for

Self-administration (non-dependence on skilled staff)
6. Device ease of use
7. Ability of drug administration without patient cooper-

ation (unconscious or when the patient
resists treatment)

8. Efficacy independent of patient position for administra-
tion (for invasive, relates to initial administration)

9. Low risk of administration error
10. Administration does not cause pain, anxiety, or trauma

to the patient in the short term
11. Administration does not cause pain, anxiety, or trauma

to the patient in the long term
12. Avoidance of contamination (complications) resulting

from the treatment procedure
13. Avoidance of local/systemic toxicity (complications)
14. Avoidance of CNS complications
15. Treatment does not require additional interventions/

tests (more complex procedures, more trained
staff, etc.)

16. No contamination between patients (resulting usually
from reusable parts, wrong procedure of discarding
equipment, etc.)

17. Flexibility in treatment location/site (home, clinic, etc.)
18. Minimal disruption to patient-daily functioning
19. Easy-to-carry devices (patient)
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Step 2: demand impact magnitude ranking

All the demands chosen for this study and listed above,
were determined to have major (I) impact on technology
outcomes in the field of Brain Delivery.

Steps 3 and 4: demand compliance ranking and
prioritization

The PCIA implementation by the ranking team is presented
in Table 3 under ‘Compliance with Demand’ for both
Invasive and SipNose technologies, along with demand
impact intensity., The relevant clinical and pre-clinical trials
(used by the ranking team) are detailed for each demand,
and impact prioritization for each technology is defined. At
the bottom of the table, the summative prioritization for
each technology is calculated by counting the number of H,

M, and L scores of all ranking team participants, for all
demands, for the Invasive I/I treatments and Noninvasive
DNTB treatments, respectively. The ranking team overall
assigned Invasive I/I treatments 10 High, 15 Moderate and 32
Low prioritizations. The ranking team assigned Noninvasive
DNTB 42 High, 15 Moderate and 0 Low prioritizations.

The clinical and pre-clinical trials, according to which the
ranking was determined by the ranking team, are summar-
ized in Table 4. The full details of the reports are available in
the supplementary material.

The PCIA implementation by the validation team is pre-
sented in Table 5 under ‘Compliance with Demand’ for both
Invasive and SipNose technologies, along with demand
impact intensity, and impact prioritization for each technol-
ogy is defined. At the bottom of the table, the summative
prioritization for each technology is calculated. by counting
the sum of H, M, and L scores of all validation team

Table 3. The PCIA implementation by the ranking team: the impact intensity of the demands, compliance to demands, clinical and pre-clinical trials (for
SipNose ranking), demand prioritization.

Demand
Impact
intensity

Compliance with demand Impact prioritization

Invasive SipNose Trials� Invasive SipNose

1 Delivery to the brain/CNS I 2A,1B 2A,1B 11, 18, 19 2H
1M

2H
1M

2 Control of dose accuracy I 3A�� 2A,1B 3, 6, 7, 2, 11, 18 3H 2H
1M

3 Enabling short time to effect I 3A�� 2A,1B 1, 2, 4, 18 3H 2H
1M

4 On need-base treatment. Redundant the need for
chronic treatment

I 2B,1C 2A,1B 1, 2, 4, 5, 7, 17 2M
1L

2H
1M

5 Minimum user training and retraining. Applicable for Self-
administration (not-dependent on skilled staff)

I 3C 3A 1, 2, 4, 7 3L 3H

6 Easy-to-use devices I 3C 2A,1B 4, 7 3L 2H
1M

7 The drug can be provided without patient cooperation (when
the patient resists)

I 3C 2A,1B 1, 2, 7 3L 2H
1M

8 Efficacy of administration does not depend on patient
position (invasive- initial administration)

I 3C 1A,2B 1, 2, 4, 7 3L 1H
2M

9 Low risk of administration error I 1B,2C 2A,1B 2,4,7 1M
2L

2H
1M

10 Administration does not cause pain, anxiety, or trauma to the
patient in the short term

I 1B,2C 1A,2B 1, 2, 4 1M
2L

1H
2M

11 Administration does not cause pain, anxiety, or trauma to the
patient in the long term

I 1B,2C 3A 1, 2, 4 1M
2L

3H

12 Avoidance of contamination (complications)resulting from the
treatment procedure

I 1B,2C 2A,1B 1, 2, 4, 5, 7 1M
2L

2H
1M

13 Avoidance of local/systemic toxicity (complications) I 1B,2C 3A 1, 2, 4, 5, 7, 11–17 1M
2L

3H

14 Avoidance of CNS complications I 3B 2A,1B 1, 2, 4, 5, 7, 11–17 3M 2H
1M

15 Treatment does not require additional interventions/tests
(more complex procedures, more trained staff, etc.)

I 1B,2C 3A 1, 2, 4 1M
2L

3H

16 No contamination between patients (resulting usually from
reusable parts, wrong procedure of discarding
equipment, etc.)

I 2A,1B 3A 1, 2, 4, 5 2H
1M

3H

17 Flexibility in treatment location/site (home, clinic, etc.) I 3C 2A,1B 1, 2, 4, 5 3L 2H
1M

18 Minimal disruption to patient-daily function I 1B,2C 2A,1B 4 1M
2L

2H
1M

19 Easy-to-carry devices (patient) I 1B,2C 3A 2, 4 1M
2L

3H

Sum: prioritization of the technology (see Figure 1) 10H
15M
32L

42H
15M

This table also include the prioritization of each technology.�File no. from Table 4.��For these two demands the literature indeed indicates giving A, but the ranking team members expressed their concern that the literature source comments
regarding catheter obstruction during clinical use seems unlikely (see discussion for more details).
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Table 4. The clinical and pre-clinical trials, according to which the grading was determined by the ranking team.

No. from
Table 3 Title Scope Slides

1 Study report: Safety and PK analysis of
Intranasal.administration of Topiramate
(as powder API) with SipNose
delivery device.

Phase 1 study, healthy volunteers, Hadassah, Israel, topiramate
project.

Results’ Highlights: Safety: Treatment was found to be safe.
Pharmacokinetics: Blood concentrations increase fast: 10–30min
post dosing. Reproducible and dose response PK pattern (cohort 2
is X2 than cohort 1 doses).

2þ 3

2 Study report: A Three-arm, Randomized
Controlled Trial for Pediatric Pre-
procedural Sedation and Pre-procedural
Anti-anxiety: Intranasal Midazolam by
SipNose versus MAD NASALTM Versus
oral administration.

Midazolam study in pediatrics, Schneider Children Hospital ER, Israel.
Midazolam for sedation and anti-anxiety.

Results’ Highlight: Treatment was found safe and effective. SipNose
intranasal midazolam reduced by at least 50% the onset time for
sedation when compared to MAD nasal delivery and to
oral delivery.

4þ 5

3 Investigation of the aerosol and dose
delivery characteristics of the SipNose
nasal delivery device, P344- Insulin.

MVIC report on insulin aerosol characterization via the SipNose
delivery device.

Results’ Highlight: Reproducible aerosol characteristics (released dose,
spray pattern and plum geometry) all pass acceptance criteria.

6þ 7

4 Phase 2a 12weeks efficacy and safety
clinical study of repeated dose IN
Topiramate

in Binge Eating Disorder (BED) patients.

Phase 2a study, subjects with BED, Sheba medical center, Israel.
Topiramate project.

Results’ Highlight: Treatment was found to be safe with no AE, and to
be effective in reducing number of binge episodes per week in
BED patients.

8þ 9

5 Proof of concept study of SipNose-
midazolam treatment for preoperative
sedation in adults.

Midazolam administration in adults, pre-procedural, study report.
Emergency County Hospital Cluj Napoca.

Result’s Highlight: Treatment was found to be safe and demonstrated
higher efficacy, shorter time to action and higher physician
satisfaction.

10þ 11

6 Investigation of the aerosol and dose
delivery characteristics of the SipNose
nasal delivery device, with high
molecular weight proteins mix.

MVIC report – aerosol characterization of protein mix formulation via
the SipNose delivery device.

Results’ Highlight: Reproducible aerosol characteristics (released dose,
spray pattern and plum geometry) all pass acceptance criteria.

12þ 13

7 Usability test report for device activation
based

on IFUs.

Formative usability study report.
Results’ Highlight: Successfully completed by all users.

14

8 Functional test report. Example of in-house performance test report
Results’ Highlight: All performances show high reproducibility in

release tests and deposition of drug in the olfactory epithelium
region. All performance tests pass acceptance criteria.

15þ 16þ 17

9 System functionality test report – stability
post transportation and incubation at
three conditions: real time, accelerated
and refrigerated conditions.

Example of in-house performance test report after incubation and
transportation conditions.

Results’ Highlight: All performance tests pass acceptance criteria post
transportation and incubation at all three conditions.

18-23

10 Transportation validation report. Example of transportation validation report.
Results’ Highlight: All tested devices passed the tests for package

integrity in the visual inspection, Dye test, Burst test and MLT test
after Transportation procedure and therefore, transportation is
validated for the packaging.

24þ 25

11 GLP plasma and brain PK study of IN
administered (SipNose device) and IV
administered (Tail vein) midazolam in
SD rats.

Preclinical Study report of a GLP PK study, midazolam project.
Results’ Highlight: Dose dependency and reproducibility of drug

delivery as systemic delivery (plasma), CNS delivery (brain), with
linear pharmacokinetics. Evidence of direct nose to brain delivery
with the SipNose DNTB technology.

26þ 27

12 Safety study of Midazolam intranasal
administration using SipNose nasal
delivery device in rats.

Preclinical Study report of a safety study, midazolam project.
Results’ Highlight: Study led to no adverse effects or histopathological

findings in all tissues examined – Nasal cavity, nasopharynx,
paranasal sinus, trachea, lungs, brain, heart and larynx.

28-29

13 Safety study of topiramate intranasal
administration using SipNose dedicated
delivery device in rats.

Preclinical Study report of a safety study, one day study of two
administrations.

Result’s highlights: SipNose IN administrations was found to be safe,
fast acting (10min in comparison to 90min oral administration)
and reproducible.

30þ 31

14 Assessment of nasal cavity irritation and
toxicity following repeated intranasal
administration of midazolam to New-
Zealand white rabbits with
SipNose device.

Preclinical study report of a safety study, in rabbits, midazolam
project.

Results’ Highlight: Following 10 days repeated administrations of 3 and
2 times daily administration, resulted with no major
histopathological findings observed in all the samples of all the
tissues examined.

32þ 33

15 Assessment of the nasal cavity irritation
and histopathological assessment
following a single intranasal
administration of midazolam using
SipNose in New Zealand white rabbits.
GLP Study.

Preclinical Study report of a safety study, in rabbits, midazolam
project.

Results’ Highlight: No treatment-related morbidity or mortality were
observed in male or female rabbits from all the groups.

800 mL/kg/4mg/kg (total dose) is considered as a safe dose with no
observed adverse effects.

34þ 35

16 36þ 37
(continued)

DRUG DELIVERY 1759



Table 4. Continued.

No. from
Table 3 Title Scope Slides

Preliminary safety assessment following
repeated intranasal administration of
topiramate in New Zealand white
rabbits. GLP Study.

Preclinical Study report of a safety study, once or twice a day for
7 days, in rabbits, topiramate project.

Results’ Highlight: Repeated intranasal administration of topiramate
using SipNose device, during one week of daily intranasal
administrations was not associated with any toxic adverse effects,
under the tested experimental conditions

17 Preliminary safety assessment following
repeated intranasal administration of
topiramate in New Zealand white
rabbits. GLP Study.

Preclinical Study report of a safety study, once or twice a day for 1
and 2months, in rabbits, topiramate project.

Results’ Highlight: Daily repeated intranasal administrations of
topiramate via SipNose IN Delivery Device for 4 and 8weeks, was
not associated with any significant treatment-related toxicity.

38þ 39

18 Brain and blood pk profile following
intranasal topiramate administration –
comparison between SipNose and other
nasal devices

Preclinical Study report of PK plasma and brain comparison between
SipNose delivery and 2 other IN delivery devices.

Results’ Highlight: Superiority upon other nasal delivery devices in fast
acting and maximal dose delivered to plasma and brain.

40þ 41

19 Additional Preclinical data (AP07-03)
presentation for non-BBB penetrable
drugs. POC for direct nose to brain
delivery where no systemic circulation
delivery can contribute to brain/ CNS
drug levels.

Preclinical data POC summary for direct nose to brain delivery for low
or no BBB penetration drugs.

Results’ Highlight: SipNose brain/CNS direct delivery (not through the
blood circulation) is seen with a very broad range of molecules’
molecular weights (MW) and with a wide range of chemical
characteristics (Lipophilic, hydrophilic, proteins, small
molecules etc.)

Additional Preclinical
data(AP07-03)

The details of the trials can be seen in the supplementary material.

Table 5. The PCIA implementation by the validation team: the impact intensity of the demands, compliance to demand, demand prioritization.

Demand
Impact
intensity

Compliance to demand Impact prioritization

Invasive SipNose Invasive SipNose

1 Delivery to the brain/CNS I 5A 4A,1B��� 5H 4H
1M

2 Control over dose accuracy I 5A 5A 5H 5H
3 Enabling short time to effect I 5A 5A 5H 5H
4 On need-base treatment. Redundant the need for chronic treatment I 1B,4C 5A 1M

4L
5H

5 Minimum user training and retraining. Applicable for Self-administration (not
depend of the skills of staff)

I 5C 5A 5L 5H

6 Easy -to-use devices I 5C 5A 5L 5H
7 The drug can be provided also without the patient’s cooperation (when the

patient resist)
I 2A,1B,2C 3A,2B 2H

1M
2L

3H
2M

8 Efficacy does not depend on patient position for administration (invasive- initial
administration)

I 5C 3A,2B 5L 3H
2M

9 Low risk of administration error I 5C 5A 5L 5H
10 Administration does not cause pain, anxiety or trauma to the patient in the

short term
I 5C 3A,2B 5L 3H

2M
11 Administration does not cause pain, anxiety or trauma to the patient in the

long term
I 2B,3C 5A 2M

3L
5H

12 Avoidance of contamination (complications) resulting from the
treatment procedure

I 2A,2B,1C 5A 2H
2M
1L

5H

13 Avoidance of Local/systemic toxicity (complications) I 4B,1C 5A 4M
1L

5H

14 Avoidance of CNS complications I 4B,1C 5A 4M
1L

5H

15 Treatment does not require additional interventions/tests (more complexed
procedure, more trained staff required, etc.)

I 2B, 3C 5A 2M
3L

5H

16 No contamination between patients (resulting usually from reusable parts, wrong
procedure of discarding equipment, etc.)

I 2A,2B,1C 5A 2H
2M
1L

5H

17 Flexibility in treatment location/site (home, clinic, etc.) I 5C 5A 5L 5H
18 Minimal disruption to the patient-daily functioning I 4B, 1C 5A 4M

1L
5H

19 Easy -to-carry devices (patient) I 2A,2B,1C 5A 2H
2M
1L

5H

Sum: prioritization of the technology (see Figure 1) 23H
24M
48L

88H
7M

���This score is based on uncertainty of delivering macromolecules that have yet to be tested.
(see discussion for more details).
This table also include the prioritization of each technology.
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participants, for all demands, for the Invasive I/I treatment
and Noninvasive DNTB treatments, respectively. The valid-
ation team overall assigned Invasive I/I treatments 23 High,
24 Moderate and 48 Low prioritizations. The validation team
assigned Noninvasive DNTB 88 High, 7 Moderate and 0 Low
prioritizations. Figure 1 presents this information in bar
graph format.

Table 6 presents the summative prioritization for each
technology by the validation team vs. ranking team, along
with statistical comparison. The differences between both
teams’ prioritization assessments for Noninvasive DNTB is
0.53, and for Invasive I/Is is 0.08, thus no statistic significant
difference between the ranking and validation groups for
both technologies.

Step 5: impact priority number (IPN)

The impact priority number (IPN) assigned by both teams,
and the proportion between the IPN of Noninvasive DNTB
and Invasive I/I for each team can be seen in Table 7 and
are presented visually in bar graph format in Figure 2.

Bothe ranking and validation teams gave much higher
impact scoring to the noninvasive DNTB technology when
compared to the Invasive I/I technology. The ranking team
assigned Noninvasive DNTB and Invasive I/I IPN’s of 52 and
30.6 respectively. The validation team assigned Noninvasive
DNTB and Invasive I/I IPN’s of 55.6 and 33 respectively. The
overall IPN differences between Noninvasive DNTB vs.
Invasive I/I had a significant p-value (p¼ .009). The IPN

proportions were very similar between both teams: 1.69 for
the ranking team and 1.68 for the validation team with the
difference showing non-significant difference between the
groups (p¼ .15).

Discussion

This study aimed to design a tool for technology assessment
in a ‘patient-centered evaluation’ manner. In terms of pri-
mary outcomes, the model showed strong correlation
between the ranking team and the validation team assess-
ments in terms of major demand compliance, prioritization
and IPN. Its strong results introduce a validated method for
‘patient-centered evaluation’ of medical platforms/devices.
This model can be applied with minor adaptations for tech-
nology evaluation in many medical fields. Additionally, its
strong correlation between the ranking team evaluation and
the validation team evaluation demonstrates the models’
applicability to new technology assessments prior to wide-
spread clinical implementation.

In terms of secondary outcomes, the model showed sig-
nificant higher Patient-Centered Care Impact in favor of the
new technology, the Noninvasive DNTB SipNose platform, in
comparison with the well-known Invasive I/I intrathecal or
intracerebroventricular platforms for CNS drug delivery.

Our findings, indicate that the PCIA method is reliably
capable of predicting the patient-centered clinical care qual-
ity anticipated for a new patient care technology. In other
words, it allows prospective prediction of the full scope of
device/platform acceptability and usability in real life. PCIA is
novel in the sense that, in addition to considering technical
elements and patient post-treatment reports, it combines all
aspect into one comprehensive evaluation tool.

The choice of the technologies for evaluating a new
method, was driven by the clinical need in the area of CNS
therapeutics. Until recently, only highly invasive treatment
devices and procedures were available for administering low
or no-BBB penetrable molecules, due to the challenge of
crossing the BBB. The recent advent of Noninvasive Direct
Nose to Brain delivery availed a new approach of CNS drug
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Figure 1. The prioritization of invasive treatment (Invasive I/I) vs. SipNose (Noninvasive DNTB), derived from the grading of the validation team (experience-based).

Table 6. The comparison of prioritization of the technology by validation
team vs. ranking team, separately for Invasive and SipNose.

Prioritization of the technology

p-ValueHigh Medium Low

SipNose
Ranking team 42 15 0 p¼ .53 NS
Validation team 88 7 0

Invasive
Ranking team 10 15 32 p¼ .08 NS
Validation team 23 24 48

NS: not significant.
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delivery. This approach, represented by the SipNose DNTB
delivery platform was evaluated and compared to the cur-
rently accepted invasive method for direct drug delivery to
the CNS.

This study’s outcomes highlight the qualitative clinical
advantages of a novel delivery method of pharmaceuticals to
the brain, the SipNose Noninvasive Direct Nose To Brain
(DNTB) delivery method. Both ranking and validation teams
assigned significantly higher prioritization values to
Noninvasive DNTB vs. Invasive I/I methods. The ratios
between the IPN of the Noninvasive DNTB to the Invasive I/I
in both ranking and validation teams, reflects a much higher
Impact score of the Noninvasive DNTB SipNose method,
about 70% greater than that of the Invasive I/I. This method
scored high in meeting patient-centered care demands
because it is highly effective, reproducible, and presents very
high Human Factor and Quality of Treatment scoring. It
achieves this through providing a highly safe solution for
noninvasive drug delivery to the CNS. The SipNose platform
is suitable for delivering a large variety of molecules (small
molecules, high molecular weight proteins and macromole-
cules, etc.), with flexible chemical nature (hydrophilic and
hydrophobic), as either liquid or dry powder formulations.

The ranking team members scored the two demands: (2)
Control over dose accuracy; and (3) Enabling short time to
effect; as ‘A’ for the Invasive I/I method (marked in �� in
Table 3). However, they raised concerns that although the
clinical literature indicates assigning A for these demands, it
is over tolerant of catheter obstruction. In their clinical
experience, intracerebroventricular or intrathecal catheter
obstruction results in poor drug delivery and significant
adverse patient outcomes.

The validation team members Noninvasive DNTB scoring
for demand (1) Delivery to the brain/CNS (marked in ��� in
Table 5); four participants scored A for this demand, and one
participant scored B. This score is based on uncertainty of
delivering macromolecules that have yet to be tested.
Otherwise, all pre-clinical and clinical data that was estab-
lished up to this point, showed clear delivery to the CNS.

This study presents and validates Patient-Centered Care
Impact Analysis, a new method for technology quality assess-
ment from a patient-centered care perspective in terms of
treatment quality and human factors. This method is applic-
able for assessing both well-known and new technologies,
both retrospectively after gaining clinical experience with its
use and prospectively to predict its patient-centered care
clinical impact. The study further demonstrates the benefits
that the new SipNose, a Noninvasive Direct Nose to Brain
drug delivery method, adds to patient care, and thus should
be considered as an alternate therapy to the invasive intra-
thecal and intracerebroventricular modalities.

The study’s limitations that we can address are related to
the fact that all the demands listed above were determined
to have major impact in the technologies assessed in this
study. We recommend that future studies will also define
demands with minor impact. Also, the fact that the members
of the validation team were required to have prior experi-
ence with the technology in order to validate the PCIA
model, resulted in having two of the validation team mem-
bers associated with SipNose.
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