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Implementation and evaluation of a computerized decision support system for long term management of
aged patients at the Hertzfeld geriatric hospital: Assessment of the system’s effect on adherence to
treatment and of the option for health-care policy change by empowering the nursing personnel.

Executive Summary- English

Scientific Background

The average annual increase in the number of citizens aged 65+ in the previous
decade was 2%. From the beginning of the current decade, from 2010-2015 the
annual average growth was 4%. In 2013, +65s made up 10% of the population, and
by 2020 they are expected to account for at least 12% of them [1]. On the other
hand, there has been a growing shortage of professional care in recent years,
which puts a lot of therapeutic burden on the attending staff, as there are fewer
doctors, specialists and nurses in the nursing system.

Therefore, there is a need to develop a decision support system that will assist the
physician in automatic operation of clinical guidelines (Gls) at the point of care.

To meet this challenge, we have in recent years developed a system for the
acquisition and formal representation of GLs in a way that can be interpreted by a
computer, and automatically run it on patient records. We implemented the GL
runtime module called Picard [2], which was designed to automatically run GL over
a given longitudinal patient record. We have tested the engine in a number of
studies [3] which show that decision support systems assists physicians .
Objectives

In general, the objective of this study is to implement and evaluate a clinical
decision support system for managing medical care for hospitalized geriatric
patients in the Herzfeld Hospital in nursing wards.

In the first phase, the Kaplan Hospital Internal Ethics Committee (Helsinki
Committee) approval was obtained only for retrospective data of 100 patients and
for retrospective application of them for quality control, with no direct therapeutic
significance, to enable future studies to be initiated.

Therefore, the research is done in two steps:

1. Using retrospective data from the last year of 100 patients to assess the level of
compliance of the medical staff to the GL (current study);

2. Using prospective data to present recommendations and alerts to the medical
team (later in the study)

In particular, the aims of the current retrospective study are:

1) acquire knowledge and build together with nursing staffs computerized GL for the
treatment of pressure ulcers.
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2) perform a technical evaluation of the system to test the system's applicability for
GL-oriented quality control, when it is applied to retrospective truth data;

3) Perform a functional evaluation of the system, using retrospective truth data, to
check the degree of coherence between the system's scores to the scores given
manually by the senior nurse

Methods

The study is conducted in the Herzfeld Geriatric Medical Center in 4 nursing wards
(each ward about 40 beds), and the average hospitalization lasts between weeks
and months. This retrospective phase which includes:

The study included several steps:

1) Building the protocol for the treatment of pressure ulcers in a computerized
manner;

2) Implementing a computational system that assesses the quality of care using the
GL and the patient longitudinal database, including providing partial scores for
partial performance by developing a fuzzy logic based algorithm for assessing the
degree of compliance with the various quality metrics.

3) A Technical evaluation of the system, in order to check the applicability and
usefulness of the system.

4) A Functional evaluation of the system. To do this, we selected 29 randomized
patients. Two experienced geriatric-care nurses evaluated the performance of the
medical staff for half of the patients using the new system and for half of them
without the system. We compared the manual score the nurses gave in each stage
to the system’s scores, and also the time it took the nurses to perform the
assessment with and without the system. We report the results in detail for the first
nurse.

Results:

Together with the medical and nursing staff, we have built the computerized GL for
the treatment of pressure ulcers that includes all stages of treatment: admission,
follow-up, prevention and follow-up, and treatment, and all types of bandages. The
protocol goes on until a patient dies or is released. In this process, we build a
knowledge base that includes more than 120 knowledge concepts such as the
"Norton High Index" and various quality control templates such as "do bandage
before instruction" which are mapped to data in the local EMR at the hospital called
“Camelion system”. For retrospective evaluation, data from 100 patients were taken
from the Camelion system.

By examining the staff's compliance to the protocol, i.e., checking that their actions
were correct and complete according to the protocol, an artificial intelligence-based
quality control algorithm was developed that calculates the score for all the nurses'
actions, by looking at the time, order, type, weight and content of the operations,
using related fuzzy-logic functions. In addition, a Bl dashboard interface has been
developed that allows medical staff to investigate the operations at each medical
stage and the score they received in the quality control.

Regarding the evaluation results: There were no significant differences (P < 0.05)
across the values of most quality measures given by the nurse manually. Versus
the values given by the system automatically. That is, in practice, the system
appears to give a very similar rating to that of an experienced senior nurse.

There were also no significant differences (P < 0.05) in most measures when the
nurse used the system, versus the scores given by an experienced knowledge
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engineer using the same system; i.e., by using the system after a short training, a
senior nurse is able to find the correct values of the quality measures.

Using the system significantly reduced the average assessment time it took for the
nurse to score each patient across all quality measures, reducing the time, even at
only the 14" patient evaluated by the nurse, from 1,039.29 + 242.4 seconds to only
634.29 + 303.87 second on average.

Conclusions

Undoubtedly, today, physicians and nursing staff are interested in decision-support
systems and expect them to be available to them and assist them in their work. We
have shown that the system we have developed does save time - and should be
expected as system usage continues, and users become more experienced in
operating the system on all its advanced functions, time savings will increase.

We expect that in the future, as these types of systems are added to the clinical
workflow, the medical team will use them more and more and manual quality control
will become a thing of the past.

We also expect that when we receive approval to move on to the second phase of
the project, that is, provide a therapeutic recommendation to the medical and
nursing staff in real time, we can even prevent most of the gaps in the performance
that we found retrospectively during the quality control phase.

The system was presented this year at two conferences by Dr. Erez Shalom: The
Annual Conference of Medical Information Systems (ILAMI) and the annual
conference "The nurse in the Digital Age" and received good responses from the
nursing staff, who consider the system a first-class therapeutic tool.

Policy Implications and Recommendation:

1) Recommendations for the implementation of the National Health Insurance Law:
Today, the cost of geriatric hospitalization is publicly funded by health funds in
accordance with section 13 of the State Health Law. We therefore recommend that
you run a retrospective quality control system as a matter of routine and issue all
quality control reports with its help.

In addition, as in other hospitals of the Herzfeld Geriatric Hospital's medical
departments, there is a shortage of personnel, as close retirement of some
physicians and nurses is expected and there is considerable difficulty in recruiting
new physicians. Therefore, a decision-making computerized tool may assist in
transferring therapeutic responsibilities. The nurse thus helping to empower her,
speak Which will make it time for the doctor to address the more serious problems
of more patients.

2) Recommendations on the health care decision-making process:

In the 21st century, where technology is evolving at a rapid pace, we believe that
such systems will change the healthcare echosystem's decision-making process
regarding the amount and mix of workforce needed in geriatric systems: systems
will empower nursing staff, and the ability to utilize physician resources for remote
care in the clinic and in the patient's home will consolidated therapy for all staff and
patient.

We also recommend a more comprehensive recommendation for the health care
system: move on to the second phase of the project as soon as possible - that is,
developing real-time therapeutic recommendation systems for both nursing and
medical staff (which may well help with these systems, and improve compliance
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and accuracy). In their operation, as our extensive trial in the field of preeclampsia
at Soroka Hospital showed [3].

The use of these systems will also change the face of medicine: from medical
physicians at hospitals, to medicine which the weight of the nursing staff is
increased and may also be performed in the clinic or even in the patient's home.
These types of systems can also expand and integrate into current trends such as
inpatient care by providing broader decision support anywhere and anytime.
Indeed, this idea has recently been demonstrated in an extensive European project
for monitoring and automating chronic patients at home, which our group has built
for all Medical knowledge representation systems and support for the decision of
patients and medical staff, the MobiGuide project, which included 13 partners from
5 countries (treatment of gestational diabetes in Spain; treatment of atrial fibrillation
in Italy) [4].
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=start_condition start_condition_concept_id="11067" data_concept_id="10877"/>
=/plan=
=plan nams="Nutrition Dietition” weight="0.5" concept_id="11089" fiter="Five Days After Open Sheet"=
<start_condition start_condition_concept_id="11075" data_concept_id="10705">
=/plan=
=/plans=
</plan=
=plan namz="Pain Test" weight="0.12" concept_id="11078"=
=binary/=
=/plan=
=plan namz="Nerton Test" weight="0.27" concept_id="11026"=
=binary/=
=/plan=
=plan namea="Skin Integrity Test” weight="0.27" concept_id="11065"=
<binary/=
=/plan=
<fzub nlan:
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<start-local-pattern comp
<time-shift value="0"

d="10703" alias="Albumin" boundary-point="start">

arity="second"/>

</start-local-pattern>

<end-local-pattern
<time-shift val

</end-local-pattern>

<value-gpoey
<compliance—function>
time-constraint-compliance trapezeA="0" trapezeB="0" trapezeC="72" trapezeD="120"/>

</cofpliance-function>
</value-group-blobs>
</pattern-output>

" alias="Albumin" boundary-point="end">
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Herzfeld Pressure Ulcer Compliance System Log Out
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PEARSON TEST SPEARMAN TEST

p-value P p-value R 0'wam "on TN TTA
5.57257E-07 0.981| 0.000225412 0.913 10 TIDN'T YIUY? a0
1 0 cant compute-same 10 [MUST) niny nam
1 1 11 VI3 DU IV N0 NI (TN
0.00012727 0.848| 0.024493042 0.596 14 011 DUD AND [TN U
1 0 cant compute-same 15 N73j7 - 10713 [TAN
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1 0 cant compute-same 15 D11 DUD IND [TAN DK
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0.00011125 0.834| 0.034440332 0.548 15 {U12w2 07y 3) (1070 TIVD
0.000152121 0.734| 0.000627933 0.684 21 TIONT YIUn Ui
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Compliance Knowledge — 1 noes
nn 2% |7pwn nnn  NRYY [N A% ATRYT LJA10 ,72170N90 NI7IY9 7D nnTam Nt yalpa

AT D797 Ny aIwNY 0'wATIN TAKD YA 7¢ 0NN DN950Nn1 21710091 27N 77wn

2APYNN A7V 1Ay VN'DY NNAIT

<sub_plan name="Followup" weight="0.22" concept_id="11043">
<plan name="Pain Test" weight="0.3">
<plans>
<plan name="Pain Test Action" weight="0.5">
<plans>
<plan name="Pain Test Once a Day" weight="0.5" concept_id="11031">
<periodic/>
</plan>
<plan name="Pain Test Action After Instruction" weight="0.5" concept_id="11072">
<order all_data_concept_id="11031"/>
</plan>
</plans>
</plan>
<plan name="Pain Test Instruction" weight="0.5" concept_id="11077">
<binary/>
</plan> :NN20N
</plans>
</plan>
<plan name="Skin Completetion 3 Times a Week" weight="0.35" concept_id="11030">
<periodic/>
</plan>
<plan name="Norton Test 3 Times a Week" weight="0.35" concept_id="11027">
<periodic/>
</plan>
</sub_plan>

<xs:schema xmlns:xs="http://www.w3.0rg/2001/XMLSchema" elementFormDefault="qualified" attributeFormDefault="unqualified">
<xs:element name="compliance guideline">
<xs:annotation>
<xs:documentation>Comment describing your root element</xs:documentation>
</xs:annotation>
<xs:complexType>
<xs:sequence id="sub plans">
<xs:element ref="sub plan" maxOccurs="unbounded"/>
</xs:sequence>
</xs:complexType>
</xs:element>
<xs:element name="sub plan">
<xs:complexType>
<xs:sequence>
<xs:element ref="plan" maxOccurs="unbounded"/>
</xs:sequence>
<xs:attribute name="name" type="x§:string" use="required"/>
<xs:attribute name="weight" type="xs:double" use="required"/>
<xs:attribute name="concept id" type="x§:string" use="required"/>

</xs:complexType>
</xs:element>
<xs:element name="plan">

<xs:complexType>
<xs:choice id="plan choice">
<xs:element name="binary">
<xs:complexType/>
</xs:element>
<xs:element name="periodic"/>
<xs:element name="start condition">
<xs:complexType>
<xs:attribute name="start_condition concept id" type="xg:string"” use="optional"/>
<xs:attribute name="data concept id" typ %¥s:string” use="required"/>
</xs:complexType>
</xs:element>
<xs:element name="order">
<xs:complexType>
<xs:attribute name="all data concept id" type="xg:string" use="required"/>
</xs:complexType>
</xs:element>
<xs:element name="average"/>
<xs:element ref="plans"/>
<xs:element name="multiple start_condition">
<xs:complexType>
<xs:attribute name="start condition intervals" type="xs:strinq" use="required"/>
</xs:complexType>
</Xs:element>
</xs:choice>
<xs:attribute name="name" type="xs:string" use="required"/>
<xs:attribute name="weight" type="x5:double" u "required"/>
<xs:attribute name="concept id" type="x§:string" use="optional"/>

</xs:complexType>
</xs:element>
<xs:element name="plans">

<xs:complexType>
<xs:sequence>
<xs:element ref="plan" minOccurs="0" maxOccurs="unbounded"/>
</xaisequence>
</X3:complexType> 6.0n 0910
</xs:element>
</xs:schema>



API Documentation — i noe1
Method: GetCompliance (POST)
Returns the requested subplan score calculation for given patients and time interval.
Parameters:
state — allowed values: admission, followUp, prevention, treatment
patientlds — string of patient IDs, comma separated.
start — start date
end — end date
typeFlag — zero if time based request, one if patient based request.
Returns: SubPlan
Method: GetKnowledge (POST)
Returns the guideline specifications for the given project ID.
Parameters:
projectld — long that represents the project 1D
Returns: ComplianceGuideline
Method: GetSubPlans (POST)
Returns the subplan names in the guideline of the given project ID.
Method: GetData (POST)

Returns list of data instances for given patients in given concept ID of given project.

Parameters:
projectld — long that represents the project ID
patientlds — string of patient IDs, comma separated.
conceptld — the ID of the required concept
necessaryContexts — list of longs
exclusionContexts — list of longs
contextFlag — int
Returns: List of Datalnstance representing the requested data:

Datalnstance: {Entityld (int), ConceptName (string), StartTime (DateTime),

EndTime (DateTime), Value (string)}
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Herzfeld Pressure Ulcer Compliance System Log Out
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Pain Test Once a Day Compliance
Start date: Mon Feb 01 2016

End date:Wed Jun 12 2015
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System Usability Scale (SUS)

This is a standard questionnaire that measures the overall usability of a system. Please
select the answer that best expresses how you feel about each statement after using the
website today.

Strongly Somewhat Neutral Somewhat Strongly

Disagree Disagree Agree Agree

1. 1think | would like to use this 0[O 0 0 0 X
tool frequently.

2. | found the tool unnecessarily 0 0 0 X 0
complex.

3. |thought the tool was easy to [J 0 0 a X
use.

4. | think that | would need the X O O 0 O
support of a technical person
to be able to use this system.

5. | found the various functions [J 0 0 0 X
in this tool were well
integrated.

6. | thought there was too much X 0 0 0 0
inconsistency in this tool.

7. | would imagine that most 0 0 0 X O
people would learn to use
this tool very quickly.

8. | found the tool very X 0 0 a 0
cumbersome to use.

9. | felt very confident using the [ O O 0 X
tool.

10. | needed to learn a lot of X 0 0 0 0

things before | could get
going with this tool.
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