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INFORMATION MODEL OF POST STROKE REHABILITATION CONCEPTION
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Currently, the new model of stroke care is actively implemented. There is a number of problems thereby related to digitalization. The study was aimed to work up
the information model of the post-stroke rehabilitation at the first stage. The following basic objects of the rehabilitation system information model were identified
and described using system analysis and business process modelling, based on studying laws, regulatory and legal acts, clinical guidelines, the “Development
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KOHLIEENLUMA MHOOPMALIMOHHOW MOAENN CUCTEMbI PEABUTUTALUN BOJTIbHbIX C OCTPbIM
HAPYLLEHMEM MO3roBOro KPOBOOBPALLIEHUA

M. A. Puibaxosa' =2 1O. V1. Koponeea', I". E. Va+Hosa?, T. B. 3apy6uHa'

" Poccuiickuii HaumoHanbHbIA MCCnenoBaTeNbCKu MeAULIMHCKIIA yHMBepceuTeT nmern H. V1. Muporosa, Mockea, Poccus
2 «depepasbHbIf LIEHTP MO3ra 1 HernpoTexHonoruii» ®epepanbHoOro Meanko-6uonorndeckoro areHTcTea Poccumn, Mocksa, Poccust

B HacTosiLLee Bpems NPOVCXOANT aKTVBHOE BHELPEHWE HOBOW MOAEenM OkasaHus MOMOLLM 60MbHOMY C OCTPbIM HapyLLEHNEM MO3rOBOrO KPOBOOOPALLEHMS
(OHMK). B cBA3M C 3TVM CTOUT MHOXECTBO 3afad, KacatoLLxcs LipoBm3aLm aToro npotiecca. Liensto nccnegoBaqms 6biio pagpaboTtaTb MHHOPMAaLMOHHYO
MOAESb crCTEMbI peabunuTaummn nauyeHTtoB ¢ OHMK Ha nepBoM aTane okasaHus noMoLLy. C MOMOLLbIO METOAOB CUCTEMHOMO aHanM3a, MOAenMpOBaHNst O13HeC-
MPOLIECCOB M Ha OCHOBAHUN 13Y4YEHUSi HOPMaTUBHO-MPABOBbIX aKTOB, KMMHUHECKNX PEKOMEHAALIMIA, NPOTOKOMA MUIOTHOMO NPoeKTa «PasBuTie MeaULMHCKOM
peabunutaummn B PO» 1 pesynstatoB paboTbl SKCNePTOB NPOOAEMHON 061acTh BblAENEHbI 1 MPOaHANM3NPOBaHbl OCHOBHbIE 06bEKTbI MH(OPMALIMOHHOM
MOAENN cUCTeMbl peabunutaumn: nauneHt, MNC MO, okyMeHTOOB0pPOT, OnMcaHbl X CBOWCTBA 1 B3aUMOOTHOLLIEHNS, MOCTPOEHa MH(OPMaLIMOHHAA MOAENb 1
0603Ha4eHO HanpaseH1e ee Pa3BUTUS.
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One of the ways to improve the quality of post-stroke patients
care is the informatization (digitalization) of healthcare
system: the complex of measures aimed at providing timely
and full information (processed and transformed in certain
way) to specialists involved in the diagnosis and treatment
process [1].

On January 1, 2019, the “Digital Helthcare Framework”
federal project was launched as part of the National project
“Healthcare”. [2]. The Federal project was focused on the
implementation and development of the healthcare information
systems and electronic document management in all healthcare
organizations and health authorities. The “Development of
National Medical Research Centers Network and Introduction
of Innovative Medical Technologies” federal project was also
partially focused on problems related to healthcare digitalization.

The four vertical integrated systems were designed as part
of the project according to the following profiles: oncology,
cardiovascular disorders, obstetrics and gynecology (together
with neonathology), preventive healthcare. Those should
provide continuity of care, patient routing, monitoring of care
provision to patients with certain disorders.

The important stage of all four profiles is medical
rehabilitation. Until recently, the developments of medical
rehabilitation digitalization were localized, whereas the
federal level information system development required the
comprehensive analysis of the subject area and the step-by-
step information model construction.

The study was aimed to analyze the model of post-stroke
care through describing the information model basic objects.
The future goals and opportunities are mentioned.
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METHODS

The main documents regulating the existing medical care
provision are the Ministry of Health of the Russian Federation
orders No. 928H (“On Approval of the Procedure for Medical
Care to Patients with Acute Stroke”, dated November 15, 2012)
and Ne 1705H (“On the Procedure of Medical Rehabilitation”,
dated December 29, 2012). To explore the new model of post
stroke medical care, the description of the “Development of the
System of Medical Rehabilitation in Russia” pilot project (2015—
2016) was used. The Russian and foreign guidelines contain
the more detailed description of care measures [3-11]. The
WHO documents [12-15] were used to study the International
Classification of Functioning, Disability and Health (ICF).
The algorithms based on the patient’s route and description
of the information model objects were designed using the
specialized software: MS VISIO 2010 (Microsoft; USA), Axure
RP 9 (Axure; USA), draw.io (Voodoo; France); methods of
system analysis (problem analysis, system goals and functions
setting, modelling), and business process modelling (use case
diagram).

RESULTS
Subject area

The first stage of the information model constructing is
the definition of subject area, i.e. the post-stroke medical
rehabilitation description. It includes the patient’s condition
assessment, rehabilitation goals setting and the formulation
of procedure program, drug and non-drug therapy, efficiency
of rehabilitation evaluation and prognosis. The updated stroke
care model includes three phases [16]. The first phase begins
with the patient’s admission to the intensive care unit (ICU) of
the specialized vascular department and no later than 24 hours
from the admission, i. e. during the acute period of the disease
[16, 17]. The patient undergoes the clinical, laboratory and
instrumental examinations aimed at identifying the stroke type
and subtype, thrombolytic therapy and surgery assignment (if
necessary). The intensivist follows the patient’s vital parametres
and, if necessary, guides him to other specialists. The
medical rehabilitation with multidisciplinary rehabilitation team
participation is started at the ICU: correction of dysphagia and

Individual medical
rehabilitation

program execution 1
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nutritional deficit, immobilization syndrome prevention (passive
or active-passive verticalization, early mobilization). Patient
is transferred to neurology department after the stabilization,
where the attending neurologist continues the treatment
and diagnostic process and organizes the patient’s medical
rehabilitation with the multidisciplinary team (MDT). The transfer
summary report contains the patient’s score according to the
Rehabilitation Routing Scale (RRS) which is a selection criterion
for patient’s routing. It’s also a selection criteria for clinical and
statistical group for medical rehabilitation during all subsequent
phases [18, 19]. So the first phase of rehabilitation includes the
medical care in the ICU and neurology department.

Depending on the treatment functional result in vascular
department the patient may be routed for further rehabilitation
to the second phase in-patient clinic (RSS 4-5) , or to the day
hospital (RSS 3) and the third phase outpatient clinic (RSS 2).
The second and third phases are implemented during the early
and late recovery periods and apply to patients with residual
symptoms or chronic (non-acute) disease. The patient may
carry out the medical rehabilitation third stage activities at
home under the guidance of a responsible specialist using
telemedicine technology.

The initial medical care phase is the most important and
difficult as it requires immediate action. The dynamics of the
patient's condition depends on the measures taken at this
phase. It is known that the earlier rehabilitation increases
medical care effectiveness [20], therefore, the first phase
has been chosen as starting point for the information model
constructing.

Information model objects

Currently, the updated model of post-stroke care is actively
implemented in Russia [18]. Its algorithm is based on the
Federal Centre of Cerebrovascular Pathology and Stroke
experts’ recommendations (Fig. 1).

The main differences between the new model and the
traditional model are the patient-centered care, diagnostics both
according to the International Classification of Diseases (ICD)
and the International Classification of Functioning, Disability,
and Health (ICF), the multidisciplinary team participation. The
MDT activity may be presented as a rehabilitation cycle [21].
Representing the new model in this way makes possible to
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Fig. 1. Post-stroke care algorithm, updated model
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Fig. 2. Fragment of patient’s route inside the neurology department

evaluate the time of appearance and actions of each participant
of diagnosis and treatment process.

For description and analysis of the object (“Patient”) the
business process diagram (BPD) was used. It contains details
of the patient’s route inside the hospital department. The small
fragment is presented in Fig. 2. On this diagram the healthcare
organization units and the blocks (actions) with the key points
of the route are shown as horizontal paths.

After transfer to neurology department the patient is
examined by the attending neurologist and all the specialists of
the multidisciplinary team, later he undergoes the instrumental
and additional laboratory examination with interpretation of the

results. The rehabilitation cycle is highlighted with rectangle in
Fig. 2.

The other important object of the information model is the
health information system (HIS) of a healthcare organization.
The system includes multiple integrated subsystems and
basic Practice Management Software (PMS). However, the
basic HIS does not satisfy the neurology hospital requirements
arising from the new model of post acute care. Therefore, it is
necessary to expand its functionality. The development of new
PMS is required, it concerns the PMS used by specialists of
the multidisciplinary team (physical medicine and rehabilitation
(PM&R) physician, intensivist, physical rehabilitation specialist,
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Fig. 3. Medical records registration at the neurology department
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Department: Medical and Social Rehabilitation
Patient: Alexey M. Voskresensky
History Ne: 35268

Multidisciplinary team protocol Ne 10

08.05.2019

Healthcare organization: FCCPS of the Ministry of Health of the Russian Federation

Rehabilitation potential:

high

Rehabilitation Routing Scale Score: 4

Rehabilitation goals:

Short-term: the patient will be able to walk on his own
Current phase goal: autonomous verticalization

Rehabilitation diagnosis:

Functions and structures

Long-term: after 3 months the patient will require the outpatient care

Activities and Participation

Environmental factors

Domain Description Domain Description
b134.2 Sleep functions d410.31 Changing basic body position
'b28012.2 | Pain in stomach or abdomen d510.43 | Washing oneself
b7301.3 Power c_)f muscles d520.32 Caring for body parts
of one limb
=2 d530.31 Toileting
b7401.4 Endurance of muscle
groups d540.32 Dressing
b7603.3 ifugfn?rgm functions d550.21 Eating
s c d560.20 | Drinking
b820.4 Repair functions of the skin
s810.0 Structure of skin

Personal factors

0

ystems and policies

Limiting factors of the rehabilitation program execution

|
No

Rehabilitation plan

Puc. 4. Design fragment of the profile document (multidisciplinary team protocol)

medical psychologist, speech therapist, occupational therapist
[18]), as well as for the PMS used by nursing staff.

Electronic document management

One of the basic PMS functions is the electronic document
management, the electronic medical record and profile
documents creation. The following is a fragment of the electronic
document management at the first phase of rehabilitation
based on the care provision algorithm (Fig. 3).

Each multidisciplinary team specialist creates the first
profile document, the examination protocol, after the patient’s
examination. Once a week or more often the multidisciplinary
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team specialists hold a consilium, where they discuss and
combine the results. After that the physical medicine and
rehabilitation (PM&R) physician makes the rehabilitation
diagnosis, sets the long-term and short-term goals of medical
rehabilitation, forms the individual rehabilitation plan, defines the
executives and sets the rehabilitation schedule. This information
is included in the multidisciplinary team general protocol, the
second profile document, the fragment is provided in Fig. 4.

The patient's condition assessment (according to ICF,
expressed in points) obtained from various MDT specialists is
included in the rehabilitation diagnosis.

The third profile document (advanced discharge summary
report) is finalized by the attending physician after the first
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Table. Algorithm fragment of NIHSS to ICF translation

NIHSS

ICF

B740 — Muscle endurance functions

Motor leg B7401 — Endurance of muscle groups
0 = No drift 0B7401.0
1 = Drift: leg drifts down but does not hit bed 1 B7401.1
1 2 = Leg falls to bed by 5 seconds but has some effort 2 B7401.2
against gravity .
3 = Leg falls immediately 3 B7401.3
4 = No movement 4 B7401.4
UN = Assessment is impossible UN B7401.8

Dysarthria

Voice and language functions
B320 — Articulation functions

0 = Normal

0B320.0

1 = Mild-to-moderate dysarthria

1 B320.1- B320.2

2 = Severe dysarthria or mute/anarthric patient

2 B320.3- B320.4

UN = Assessment is impossible

UN B320.8

Sensory (pinprick and touch)

Additional sensory functions (b250-279)
B270 — Sensory functions related to temperature and other stimuli

0 = Normal 0 B270.0
3 1 = Partial loss 1B270.1
2 = Severe loss 2 B270.3

B2702 — Sensitivity to pressure

B2703 — Sensitivity to a noxious stimulus

phase of rehabilitation. The document comprises basic clinical
data from the electronic medical record, and data from the
MDT protocols that describe the activities results and the
patient dynamics during treatment.

According to the new post acute care model, the
multidisciplinary team specialists assess the patient’s state not
only using the traditional scales, but also using the ICF domains.
Such kind of rehabilitation diagnosis allows the specialists
to distinguish between the measures aimed at the patient’s
survival (diagnosis and treatment process) and the measures
aimed at preservation and restoration of vital functions. It is
extremely important for the future rehabilitation arrangement.

It should be noted that if patient has undergone surgery for
the underlying disease, the additional scales should be used.

Automated rehabilitation diagnosis procedure

The manual assessment, both using the clinical scales and
the required ICF domains, is time-consuming. Therefore, the
decision support system element has been developed as an
algorithm for converting the NIHSS and other clinical evaluation
tools [5] to ICF score. The algorithm fragment is provided in
Table.

The algorithm is a matching of the stroke severity scale items
scores with the corresponding ICF domains. There is no one-
to-one matching in some cases because ICF is a more detailed
tool than clinical scales. For example, the itemNe 2 of ICF (see
Table 1) includes more gradations for articulation disorders, and
the NIHSS score 1 may correspond to B320.1 or B320.2 items
of ICF. The even more ambiguous situation is observed in the
item Ne 3: the NIHSS Sensory section corresponds to several
domains of ICF (“Sensory functions related to stimuli”, “Sensitivity
to pressure”, “Sensitivity to a noxious stimulus”). The algorithm

does not offer an unambiguous answer in such "controversial"
situations and requires correction by the physician.

DISCUSSION

The study provides a systematic approach to the post-stroke
care informatization. The subject area boundaries had been
defined, the information model objects (patient, healthcare
organization, HIS of a healthcare organization, electronic
document management) and their links and relationships
analysis has been performed. Only one study of the discussed
topic has been found in literature [22]. It describes the software
product in which the patient’s clinical data entry and the
rehabilitation scales for patient state assessment are partially
implemented. The diagnosis is supported using ICF, but the
conversion algorithm is not transparent so the algorithm
implementation in other systems is impossible.

The approach proposed in this paper may become the
ideological and algorithmic basis for the post-stroke patients’
management information systems (from hospital to state level).

The obtained results make it possible to determine the
further strategy of the rehabilitation system information model
development and to define the following priorities:

1) development of technical specifications for the electronic
medical record profile documents creation: examination
protocol by MDT specialists, general MDT protocol, advanced
medical discharge (post-mortem) summary. The development
of the standardized electronic medical documents for patient
transfer to the second and third phases of rehabilitation and
higher HIS levels (regional, federal) is required for the discharge
documents and the corresponding implementation guidelines;

2) defining the list of the federal medical references for
formalization of the clinical data contained in the profile
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documents: examination protocol by MDT specialist,
multidisciplinary team protocol, medical discharge summary;

3) role model development describing the access rights of
all process participants of the hospital units;

4) PMS development for specialists taking part in the
rehabilitation process: PM&R physician, physical rehabilitation
specialist, neuropsychologist, speech therapist, occupational
therapist, massage therapist, physiologist, healthcare
assistant;

5) creation of medical decision-support system elements
making automated diagnosis according to ICF.

The future development directions are the following: creation
of the administrative PMS, analytical and reference modules,
patient’s account, PMS modules expansion depending on
the stroke type and care provided, integration with external
systems.
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