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Disclaimer:

Kreshnik Hoti 1is a Professor at the Division of Pharmacy, Faculty of
Medicine, University of Prishtina. He 1s one of the co-founders and
shareholders of PainChek (formerly known as EPAT Technologies) for whom he
also consults 1in the capacity of a Senior Research Scientist. He 1s named a
co—-inventor together with Prof Jeffrey Hughes and Dr Mustafa Atee on a pailn
assessment method and system (US20170156661A1).
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The rise of ATl 1n health related research
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AI in pharmacy practice research




AI special issues in pharmacy practice
journals

* Exploratory Research in Clinical and Social Pharmacy
* AT special i1issue submissions until end of July 2024

* International Journal of Clinical Pharmacy
* Al special issue submissions: open call since August 2024

* Research in Social and Administrative Pharmacy
* Ongoing AI relevant papers

* International Journal of Pharmacy Practice
* Opened an AI special issue call in November 2025




Current state of pharmacy AI based research

* Fvidence suggestive of 1initial development and validation of
pharmacy focused solutions 1n various areas

* Lack of real world clinical practice evaluation research

* Lack of pharmacy based AI-enabled solutions that have entered into
routine real-world practice

* Pharmacists seem ready to adopt

* Need for enhancing pharmacists’ digital literacy and improving
their training in the area of Al-enabled technologies.




Enhancing pharmacists' capabilities




What's the real aim.?

* Research publication?
* High—-impact?

* Application 1n the real world?




More than research..?




Key scenarios for AI driven solutions

Pre-clinical
implementation

Conceptual stage Research stage

In clinical

practice




Pharmacists’ capabilities ‘'infused’ into AI-based
research

* Deep medication related expertise and knowledge

 Clinical relevance and problem identification

High quality labelling and ground truth selection
* Risk assessment, harm anticipation
Workflow, UX design

Interpretation and output explanation

Ethics, validation




Conceptual and research stage examples

~

Clinical area: Medication safety

Problem: Device non-adherence

Solution: Wireless monitoring of device \

\self-administration / /
Clinical area: Medication adherence

Zhao M, Hoti K, Wang H, Raghu A, Katabi D. Assessment of medication self-administration
using artificial intelligence. Nature medicine. 2021 Apr;27(4):727-35.

Problem: Antidepressant non-adherence

\ Solution: Al enabled sleep analysis

AU i

Problem: Hospital inappropriate
Mirzazadeh A, Cadavid S, Zha K, Li C, Alzahrani S, Alawajy M, Korzenik J, Hoti K, Reynolds C,

rescribin
p g Mischoulon D, Winkelman J. Transformer Model Detects Antidepressant Use From a
Single Night of Sleep, Unlocking an Adherence Biomarker. arXiv preprint arXiv:2510.10364.

2025 Oct 11.

Clinical area: Prescribing

Biicker M, Hoti K, Rose O. Artificial intelligence to assist decision-making on
pharmacotherapy: a feasibility study. Exploratory Research in Clinical and Social Pharmacy.
2024 Sep 1;15:100491
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linical area: Medication safety
Problem: Device non-adherence

Solution: Wireless monitoring of

\device self-administration /

Zhao M, Hoti K, Wang H, Raghu A, Katabi D. Assessment of medication self-administration using artifidal
intelligence. Nature medicine. 2021 Apr;27(4)727-35.

!ireless sensor

a, The wireless sensor is mounted on the wall, analyzing the surrounding radio signals using Al. The Al solution would detect when the person started to
use an inhaler. b-d, Our Al solution also tracks the motion during the MSA event and detects that the person shook the device, exhaled before use and,
finally, inhaled a dose. (We obtained informed consent from the participant for the use of his photographs.)

* Can we use Artificial Intelligence to assist with observing

patients at home

* Continuously assess how they self-administer their Insulin &

Inhalers

* Can we do this without any contact with the patient &

remotely?




Partitioning of key steps

242 2 42

Step 1: Step 2: Step 3: Step 4: Step 5: Step 6: Step 7: Step 8:
pick up insulin pen load catridge add needle prime insulin pen load dose administrate & hold remove needle put down insulin pen

0:0 0:05 0:10 0:15 0:20 0:25 0:30 0:35 0:40 0:45 0:50 0:55 1:00
Time (s)

b | |

Step 1: Step 2: Step 3: Step 4: Step 5: Step 6:
pick up inhaler shake inhaler exhale before use inhale dose & hold breath exhale put down inhaler
T T I 1 I I 1 T I I T | I 1 1 T I I T l | 1 I T T

0:0 0:05 0:10 0:15 0:20 0:25 0:30 0:35 0:40 0:45 0:50 0:55 1:00

Time (s)

Based on recommendations pertaining to insulin pen and inhaler device administration, we partitioned an MSA event into eight steps and six steps for
insulin and inhaler administration, respectively. (We obtained informed consent from the participant for the use of his photographs).
Source: Zhao M, Hoti K, Wang H, Raghu A, Katabi D.

Assessment of medication self-administration using artificial
intelligence. Nature medicine. 2021 Apr;27(4):727-35.
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Clinical area: Medication adherence

: 7o |
Problem: Antidepressant non-adherence }\[WW\MM — @ S é | |

Full Night Respiration

Solution: Al enabled wireless sleep analysis

k / Wireless Signal Respiration collected using consumer Al Model Detects Nonadherence Assessment Uploaded to
wearable or contact-free wireless sensor Antidepressant Intake Cloud for Review by Health Professional

Mirzazadeh A, Cadavid S, Zha K, Li C, Alzahrani S, Alawajy M, Korzenik J, Hoti K, Reynolds C,
Mischoulon D, Winkelman J. Transformer Model Detects Antidepressant Use From a
Single Night of Sleep, Unlocking an Adherence Biomarker. arXiv preprint arXiv:2510.10364.
2025 Oct 11.

ATl enabled sleep analysis to from respiration collected from wearable
and wireless sensors

60,000 nights of sleep in 20,000 individuals
Nocturnal breathing signals analyzed

First noninvasive biomarker that detects antidepressant intake from a
single night of sleep
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Figure 2 | Overview of the antidepressant detection model. Nocturnal respiration signals collected from a wearable
or contactless wireless sensor are input into an encoder model to generate an auxiliary EEG representation, which is
passed to a classification model that estimates the likelihood of antidepressant use.




Clinical implementation examples

Clinical area: Pain assessment

Problem: People unable verbally to
communicate pain

Solution: Pain assessment system in a
mobile device: PainChek®

Atee M, HotiK, Parsons R, Hughes JD. Pain assessment in dementia: evaluation of a point-of-care technological solution. Journal of
Alzheimer's disease. 2017 Jan 1;60(1):137-50.

Atee M, HotiK, Hughes JD. Psychometric evaluation of the electronic pain assessment tool: an innovative instrument for individuals
with moderate-to-severe dementia. Dementia and Geriatric Cognitive Disorders. 2018 Jan 23;44(5-6):256-67.

Hoti K, Atee M, Hughes JD. Clinimetric properties of the electronic Pain Assessment Tool (ePAT) for aged-care residents with moderate

to severe dementia. Journal of Pain Research. 2018 Jun 1:1037-44.

Babicova |, Cross A, Forman D, Hughes J, Hoti K. Evaluation of the Psychometric Properties of PainChek® in UK Aged Care Residents
with advanced dementia. BMC geriatrics. 2021 May 28;21(1):337.

Atee M, Hoti K, Hughes JD. Atechnical note on the PainChek™ system: aweb portal and mobile medical device for assessing pain in
people with dementia. Frontiers in aging neuroscience. 2018Jun 12;10:117.

Atee M, Hoti K, Chivers P, Hughes JD. Faces of pain in dementia: learnings from areal-world study using a technology-enabled pain
assessment tool. Frontiers in Pain Research. 2022 Feb 22;3:827551.

Hoti K, Atee M, Chivers P, Vahia I, Hughes J. Technology-guided assessment of vocalisations and their diagnostic value aspain
indicators for people living with dementia. Age and ageing. 2023 Jun 1;52(6):afad088.

Baird C, Miller H, Hoti K, Hughes J. Clinical impact of a multifaceted intervention aimed at decreasing distress in people living with
dementia: evaluating the Reconnect program. Frontiers in Psychiatry. 2023 Dec 8;14:1191105.

Atee M, HotiK, Parsons R, Hughes JD. A novel pain assessment tool incorporating automated facial analysis: interrater reliability in
advanced dementia. Clinical interventionsin aging. 2018 Jul 16:1245-58.

Use AI to detect facial
microfeatures of pain

Action Unit (AU) codes



The problem..

Pain assessment 1is difficult especially for
those who cannot communicate such as
dementia sufferers or infants/toddlers.

Pain is often under-detected and under-
treated




When communication ability is not compromised, pain
is also often described:

[ throbbing }
[ hurting } [ burning }

[ uncomfortable } [s tabbing} [ }
eLe...




4 A

Those with dementia & cognitive impairment often:
* Lose their ability to self-report pain

* Lose their ability to requlate learned responses to
\\¥pain as their condition progresses 4//




Behavioural Symptoms of dementia

@ >90% of people with dementia affected by BPSD, often caused
by pain.

Greater the pain = Greater BPSD & severity

Pain group 3.8 times more likely to experience BPSD

more more

hlgher distress to
severity of ,
caregivers

behaviours

neuropsychiat
ric behaviours

Atee M, Morris T, Macfarlane S, Cunningham C. Pain in dementia: prevalence and association with neuropsychiatric behaviors. Journal of Pain and Symptom
Management. 2021 Jun 1;61(6)1215-26. Kunik ME, et al. S Causes of aggressive behavior in patients with dementia. The Journal of clinical psychiatry. 2010 Mar 9;71(9):1145-
52. Atee et al. Pain in Dementia: Prevalence and Association With Neuropsychiatric Behaviors. Journal of Pain and Symptom Management. 2020 ; Pain Australia



Antipsychotic prescribing in Dementia

« UK Department of Health study

4 )
180,000 prescriptions of
antipsychotics annually

- /
4 )
140,000 prescribed
inappropriately
- J

- Antipsychotic use associated with side

effects and 1ncreased mortality



The solution



Conceptual stage Research stage

Pre-clinical
implementation

In clinical
practice

Pain Assessment in Dementia: Evaluation
of a Point-of-Care Technological Solution

Curtin
University

Australian Government

Department of Health
Therapeutic Goods Admimistration

\\Z
HSA

Heslth Sciences Authurity




Assessment

Carl Carlson s

At Rest
Born June 27, 1928 Feb 13, 2023
94 years old, male 546 PM
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The Behaviour

The Activity

PainChek Score 13,

A PainChek score between 12 and 15 is classified as Moderate Pain
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PainChek Adult used 1n adults unable to
verbally communicate (e.g. dementia)
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PainChek Adult used in adults unable to
verbally communicate (e.g. dementia)



Over 15 million global pain assessments

Over 200,000 people living with
dementia

Over 16,000 carers and healthcare
professionals trained

Approximately 200,000 pain assessments
being conducted monthly in the UK

Regulatory cleared: Australia, EU,
Canada, Singapore, New Zealand...

PainChek Adult FDA de Novo cleared on
October 2025
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Delivering transformative action in pediatric pain: a
Lancet Child & Adolescent Health Commission

. Make pain .. . .

Improve equity,
eliminate stigma,
make pain matter
for everyone,
iIncluding health
professionals and
society in general

Improve We need Avoid unnecessary
knowledge of standardized and pain and improve

various types of reliable pain access to effective
pain assessments pain treatments

Eccleston C, Fisher E, Howard RF, Slater R, Forgeron P, Palermo TM, Birnie KA, Anderson BJ, Chambers CT, Crombez G, Ljungman G. Delivering transformative action in paediatric pain: a
Lancet Child & Adolescent Health Commission. The Lancet Child & Adolescent Health. 2021 Jan 1;5(1):47-87. 35



THE LANCET

4 Journal of Medical Internet Research ‘ (7 Journal Information ~ Browse Journal
Digital Health

Published on 13.2.2023 in Vol 25 (2023)

ARTICLES | VOLUME 3, ISSUE 10, E623-E634, OCTOBER 2021

The Clinical Suitability of an Artificial Intelligence—
Enabled Pain Assessment Tool for Use in Infants:
Feasibility and Usability Evaluation Study

Jeffery David Hughes 1 @; Paola Chivers %3 ®); Kreshnik Hoti 4 ®

Assessing procedural pain in infants: a feasibility study evaluating a point-

of-care mobile solution based on automated facial analysis

« Published: September 01,2021 « DOI: https://doi.org/10.1016/S2589-7500(21)00129-1 «

Kreshnik Hoti « Paola Teresa Chivers, PhD « Jeffery David Hughes, PhD 2 j

A JMIR Pediatrics and Parenting ‘ N Journal Information » Browse Journal g

Published on 03.12.2024 in Vol 7 (2024)
X Preprints (earlier versions) of this paper are available at https://preprints.jmir.org/preprint/64669, first published July 23, 2024.

Parental Assessment of Postsurgical Pain in Infants
. at Home Using Artificial Intelligence-Enabled and
9. Observer-Based Tools: Construct Validity and

"' Clinical Utility Evaluation Study

Fatos Sada' ®; Paola Chivers2 34 @; Sokol Cecelia’- 3 ®; Sejdi Statovci®: 7 ®;
Kujtim Ukperaj” ©®; Jeffery Hughes8 ©; Kreshnik Hoti!

About to enter enter practice..




Enhancing pharmacists' capabilities

Connecting pharmacists’ skills and expertise
with AI enabled advantages




Considerations..

Technical performance of algorithms..

Patient safety and data errors

Equitable AI

Patient trust

Data privacy, data security and patient consent
Data biases

Expenses to integrate solutions 1n pharmacy

FEducation and training..




Hybrid intelligence considerations

HUMAN & AI interaction

Artificial
intelligence

AT beyond human intelligence?




Hybrid intelligence considerations

* Symbiotic relationship
* People, data & Al augment each other’s strengths
* Human on the ‘driving seat’

* Al extends human capabilities

* Al does not replace human judgement
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PainChek Adult used in adults unable to
verbally communicate (e.g. dementia)

-l‘ PainChek

Intelligent Pain Assessment
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PainChek

Intelligent Pain Assessment

Hybrid intelligence in PainChek solution

Behaviours

Activity

intelligen

Movement

HUMAN & AI interaction

telligence
OUTPUT

Artificial
intelligence input




Hybrid 1ntelligence enabling personalized
management of pain..?
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HOW WOULD YOU MANAGE THEIR PAIN?
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Pain Score

Pain intensity

Oto6

PainChek Score 14,Moderate ul
A PainChek score between 12 and 15 is classified as Moderate Pain

No Pain

PainChek Score 14,Moderate al
A PainChek score between 12 and 15 is classified as Moderate Pain

HOW WOULD YOU MANAGE THEIR PAIN?
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PainChek Score 14,Moderate

A PainChek score between 12 and 15 is classified as Moderate Pain

ﬁo

The Face ’.—
< l | >
The Movement
(1! !\"

The Activity

N

The Voice

The Behavior

The Body

Introvert

Verbally abusive

Aggressive

Fear or extreme dislike of touch, people

Inappropriate behavior

Confused

Distressed

| @)

| @)

Resisting care

Prolonged resting

Altered sleep cycle

Altered routines

49



PainChek Score 14,Moderate

A PainChek score between 12 and 15 is classified as Moderate Pain
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PainChek Analytics

Introvert

Verbally abusive

©
2] . - O

Pa;ntic:re Pai:;n;::nsity {? g‘g&’ Carl does not exhibit any of the above features Pa i n ex p e ri e n ce Pe rs o n a I i ze d
7to11 Mild Pain — °
12015 | Woderste - ?@ 0 [ pain management

Pain A4 { Prolonged resting o
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16 and over  Severe Pain Ao sioop cicls

The Activity The Body

Altered routines

PainChek Score 15,

Carl does not exhibit any of the above features
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Previous activity
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Before you continue
Before completing a PainChek Infant pain assessment

it is important that you rule out other common causes
of distress that may resemble pain, such as:
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Hybrid intelligence in PainChek infant solution

HUMAN & AI interaction

The Face

Before you continue

Before completing a PainChek Infant pain assessment
it is important that you rule out other common causes
of distress that may resemble pain, such as:

E 8 @

Thirsty

Frightened

& AN
e an
Too hot or Tired / Sleepy In need of a

too cold nappy change

@ @
Wanting In need of

comforting burping (Wind)

Start Analysis

Artificial
intelligence input

intelligence input

. PainChek

- Inballigent Pain Assassment




The new journey

Community Pharmacy

. Empowered Ve
\ Pharmacist (

.

——v | . Empowered. ‘ :
BT IS — '
‘ Parent

| IR0 pwesr, DRSS i 1 '

3. Pharmacist also educates on
PainChek, provides download
2. Pharmacist supplies the brochure/QR
Panadol/Advil = provides \ -~

relevant and accurate S
information i

- s - - b “r -




Hybrid intelligence 1in use of LLMs 1n Pharmacy

* 967 pharmacist relicensing and licensing exam questions

* 263 multiple-choice based questions requiring clinical pharmacy
and pharmaceutical care-based expertise.

Drug Information Drug Additional Additional Counsellin Counsellin

Model (Bg ic p 1) Information Information Information (Basi Promgt) (Prompt z;g
asic Fromp (Prompt 2) (Basic Prompt) ( Prompt 2) asic P P
ChatGPT 80.95% I 87.61% 80.95% [ 84.37% 83.33% ] 86.66%
Gemini 86.66% [ 88.57% [8437% [85.15% [86.66% ¥ 80.00%
Grok 82.85% x 80.95% 82.03% x 76.56% . 86.66% 83.33%
DeepSeek 80.95% I 81.90% X 78.90% [0]79.68% X 80.00% [ 83.33%
* Metaprompt - further improvements (e.g. Gemini 2.5 improved 50% of

incorrect answers
e Different users - different results????
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DRUG
INTERACTIONS

DRUG
INTERACTIONS

RESULT X RESULT Y
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Because you watched
 Action thriller

» Sci-fi drama
e Spy movie

NETFLIX

(

Because you watched
e Comedy film
e Stand-up special
* Family movie




How to improve the human component
within a hybrid intelligence system?




'‘Boosting’ the human/pharmacist component

Train & certify
* to ensure competent use of Al-enabled solution

Standardize human 1nput through structured framework:
* to improve consistency

Clear definition of human 1nput and roles

Encourage critical thinking and other human superpowe

Support workflow 1ntegration
Establish continuous feedback

"Double literacy’




Realistic expectations from AI in a health based
solution..

* AI not magic - avoid AI hype

* AT a member of the team - not a replacement for pharmacists

* AI does not solve all healthcare problems

* AT allowing further focus of health professionals on ‘human superpowers’

Collaboration

Shah NR, Lee TH. What Al means for doctors and doctoring. NEJM Catalyst. 2019 Sep 3;5(5).



Thank you

Prof. Kreshnik Hoti
University of Prishtina, Kosovo

Contact: kreshnik.hoti@uni-pr.edu
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