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ABSTRACT

This paper provides a comprehensive overview of critical factors, which affect on-screen user interfaces of
medical devices in Intensive Care Unit (ICU). A literature survey with relevant research publications has
led to selection of thirty eight critical factors in ICU. The critical factors identified are categorized into
various groups based on three major aspects — system evaluation parameters, constituents of patient
management and user interface design. Physicians’ survey, in which five physicians are involved, is used to
categorize the identified critical factors into related groups. In the process, fourteen critical factors are
mainly selected, which affect on-screen user interface design of medical devices. The applicability of such
factors is demonstrated with the help of a case study of head-injury patient admitted in ICU. The critical
factors identified are definitely useful to device manufacturers, user interface designers, ICU
administrators and physicians for improved device design, ICU resource management and patient care.
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1. INTRODUCTION

Intensive Care Unit (ICU) is a specially nursing unit designed, equipped and staffed with skilled
medical staff for critically-ill patients [1]. It is a cognitively complex environment like the cockpit
of an aircraft or the operating room of a nuclear power plant [2, 3], where one is required to:

attend critically-ill patients;

monitor various medical devices and healthcare systems;
integrate and understand complex information or patient records;
- judge the dynamically evolving situations and

make quick and accurate diagnosis or decisions.

Medical User Interface (UI) is a Ul of medical device or healthcare application. It is touch screen
interface or Graphical User Interface (GUI) along with button / knob controls. It acts as a medium
of interaction between physicians and medical devices. There are a variety of medical devices
such as ventilator system, electrocardiogram (ECG) machine, infusion pump, patient monitoring
system, defibrillator and ultrasonography machine, which are used for patient care in ICU. Figure
1 shows 8.4” TFT monitor with graphical user interface of patient monitoring system. Many of
such medical devices have on-screen user interfaces for communication with medical users

DOI: 10.5121/hiij.2013.2403 33



Health Informatics- An International Journal (HIIJ) Vol.2,No.4,November 2013

namely specialists, ICU physicians, resident doctors, interns or nursing staff — brothers / sisters
[4]. The user interfaces of medical devices display vital information related with critically-ill
patients [5]. This information includes numeric values, icons, options, menus, messages, graphs,
tables or alerts. A miscommunication during such interaction can generate medical errors which
may lead to injuries or deaths of patients [3]. ICU is a cognitively complex environment,
involving various critical factors which affect the activities like interaction with medical devices.
Therefore, there is a need to incorporate such critical factors in user interface design of medical
devices to reduce possible medical errors.

Figure 1. On-screen Graphical User Interface (GUI) of patient monitoring system

The following are the major questions addressed during research related with critical factors in
ICU:

* Which are the critical factors related to ICU?

* How are identified critical factors categorized?

* Which of these critical factors affect on-screen user interface design of medical devices?

2. RESEARCH METHODOLOGY

This review-based study of critical factors in ICU includes major two activities - literature survey
and physicians’ survey. Initially, a thought was given to a field study of selected ICUs for
identification of critical factors there. Such study might have identified few critical factors
relevant to local ICU environment and would not have reflection of global perspective of critical
care domain. Therefore, a better approach was thought of and that was in the form of a
comprehensive literature survey of relevant publications. Such literature survey and associated
physicians’ survey are discussed ahead and a classification of critical factors has evolved through
these activities. In the process, critical factors, which may affect on-screen user interface design
of medical devices in ICU, are identified. At last, the applicability of these factors is
demonstrated with the help of a case study.

3. LITERATURE SURVEY

The research publications highlighting various aspects such as patient records, alarm / alert
design, adverse events, patient mortality, end-of-life care, ergonomic design and usability, clinical
decision making, reporting process, nursing skills, nurse turnover, medical errors and other
significant topics have been studied during the literature survey. These publications have been
accessed through ‘Google Scholar’ using keywords such as ‘critical factors’, ‘intensive care unit’
and ‘ICU’. Twenty seven research publications have been referred during this survey to study and
to categorize critical factors relevant to ICU environment. These publications include twenty
journal papers and other documents such as book chapters, committee reports and symposium /
conference papers. A variety of critical factors have been identified during study of research
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publications and number of relevant discussions among the authors. The identified critical factors
are represented in table 1 and they include factors related with medical devices, healthcare
technology, users, patient care and work environment. Table 1 also provides a frequency
depicting number of reviewed publications discussing each of related critical factors. The highest
frequency is 7 for a critical factor - ‘Interruptions & distractions’ and other six factors have
frequency of atleast 5. Eleven critical factors have the lowest frequency of just 1. Thus, most of
the critical factors in ICU are widely discussed in research publications considered in the review.

Table 1. List of critical factors in ICU along with a frequency depicting number of publications discussing

related factors

Sr. Critical Factor Freq. | Sr. Critical Factor Freq.
No. No.
1 | Interruptions & distractions 7 20 | Effectiveness of display / Ul 3
design
2 | Patients with chronic disease & 6 21 | Room layout & location of 3
long-term care resources
3 | Collaborative practice among 5 22 | Ethical considerations 2
medical staff / teamwork
4 | Urgent high-risk  decision 5 23 | Critical incident reporting 2
making
5 | Level of arousal & anxiety 5 24 | Litigious climate & medical 2
(High or low) malpractice claims
6 | Surveillance & monitoring 5 25 | Familiarity of  equipment, 2
procedure or environment
7 | Physicians with varying levels 5 26 | Availability of backup systems 2
of critical care training
8 | Design of alarms & alerts 4 27 | Staff shortage & high nurse 2
turnover
9 | Organizational policies & 4 28 | Restricted visitation 1
procedures
10 | Evidence-based practice 4 29 | Information overload 1
11 | Implications of shift work & 4 30 | Availability of complete patient 1
internal rotation record / EMR
12 | Equipment defect & failure 4 31 | Complex work flow & 1
information flow
13 | Inadequate assistance & 3 32 | Skills of nurses 1
manpower
14 | Intense nature, haste & pace of 3 33 | Type / amount / duration of 1
work therapy
15 | Emergency 3 34 | Correctness of default 1
thresholds
16 | Hands-off at multiple levels 3 35 | Situation-specific quick fixes 1
17 | Complex technology 3 36 | Maintenance of records & 1
diaries
18 | Multitasking 3 37 | Micro-culture of ICU 1
19 | Effect of environmental factors 3 38 | Long working hours 1
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Thirty eight critical factors in ICU have been identified as depicted in table 1 and there is a
burning need to categorize them. A few critical factors are discussed ahead in brief:

* An ‘Urgent high-risk decision-making’ is an important critical factor, which is affected
by perpetual narrowing and cognitive tunnelling among medical users - mainly
physicians. Perceptual narrowing is an inability to attend all information sources that
might be important for deciding on proper course of action. Cognitive tunnelling is
tendency to focus on only one hypothesis or solution at a time and ignoring other
possibilities [6].

* Another critical factor is ‘Interruptions and disruptions’, which include asking questions
or for assistance, phone calls, exchange of information with others [7], presence of other
patients, noise from medical devices and surrounding people [8].

» ‘Effect of environmental factors’ is also critical. These environmental factors include
location, temperature, lighting condition, noise and surrounding devices / objects [9].

 ‘Effectiveness of display / UI design’ and ‘Equipment defect and failure’ are also
important critical factors. They include issues such as right-handed design, legibility and
contrast, clutters of features, lack of templates and intelligence, design of icons, alerts
and alarms, user manuals in foreign languages, mobility and portability [2, 4].

* The ‘Skills of nurses’ is a critical factor, which affects a patient care in ICU. These skills
include safe medication, patient monitoring, respiratory / orthopaedic care, record
keeping, assistance to physicians, bed-making, pain management, hygiene, nutrition and
patient / family counselling [10, 11].

4. PHYSICIANS SURVEY

Involvement of physicians has been essential in categorization of critical factors identified during
literature survey. This survey has been targeted mainly at physicians serving in ICU such as
specialists, ICU physicians and resident physicians. Five physicians have participated in this
survey, which is a questionnaire-based survey. This survey is based on convenient sampling [12]
and is primarily used in categorization of critical factors based on system evaluation parameters
and user interface design. It is really hectic and tricky challenge to get access to busy ICU
physicians [13] and make them to respond to such questionnaire, which has 38 critical factors. It
has taken more than six weeks to collect responses to the questionnaire. The critical factors
identified can be grouped in number of ways for further understanding and such categorization of
critical factors is discussed in the next section.

5. CATEGORIZATION OF CRITICAL FACTORS

The critical factors identified in related survey are categorized into several groups focusing on
various aspects. Three major aspects considered during such categorization include:

I. System evaluation parameters,

II. Constituents of patient management,
III. User interface design.
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This categorization of critical factors in ICU is discussed in next subsections with necessary
details.
Table 2. Physicians’ survey related with critical factors

Sr. Critical Factor Physicians’ Response
No.

Inadequate assistance & manpower

Intense nature, haste & pace of work
Emergency

Restricted visitation

Design of alarms & alerts

Collaborative practice among medical staff / teamwork
Hands-off at multiple levels

Complex technology

Information overload

10 | Availability of complete patient record / EMR
11 | Urgent high-risk decision making

12 | Multitasking

13 | Level of arousal & anxiety (High or low)

14 | Organizational policies & procedures

15 | Evidence-based practice

16 | Complex work flow & information flow

17 | Effect of environmental factors

18 | Implications of shift work & internal rotation
19 | Skills of nurses

20 | Effectiveness of display / Ul design

21 | Type / amount / duration of therapy

22 | Ethical considerations

23 | Critical incident reporting

24 | Room layout & location of resources

25 | Correctness of default thresholds

26 | Patients with chronic disease & long-term care
27 | Litigious climate & medical malpractice claims
28 | Surveillance & monitoring

29 | Situation-specific quick fixes

30 | Familiarity of equipment, procedure or environment
31 | Availability of backup systems

32 | Maintenance of records & diaries

33 | Physicians with varying levels of critical care training
34 | Staff shortage & high nurse turnover

35 | Micro-culture of ICU

36 | Long working hours

37 | Interruptions & distractions

38 | Equipment defect & failure
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5.1. CATEGORIZATION BASED ON SYSTEM EVALUATION PARAMETERS
IN ICU

There are various system evaluation parameters such as response time, precision, comprehension,
efficiency, reliability, availability or quality [14]. A first categorization of critical factors is based
on system evaluation parameters such as response time, precision, comprehension and efficiency,
which are imperative in critical environment like ICU as observed during field study. A response
time is a time required responding to the patient condition or errors by physicians while using
medical devices and healthcare technology in ICU [15]. A precision is an exactness of diagnosis
and treatment. A comprehension is an ability to understand patient condition, diagnostic reports
and monitoring parameters. Efficiency is a quality of being able to do a task successfully without
wasting time or energy in ICU environment.

Complex technology
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Figure 2. Categorization of critical factors based on system evaluation parameters

In physicians’ survey, a questionnaire is prepared with a major focus on these four system
parameters. Here, physicians are asked to select an appropriate parameter for each of the critical
factors. The data collected through such physicians’ survey is aggregated in table 2, which depicts
preferences of physicians for each critical factor in terms of relevant system evaluation
parameters. Each row of this table shows physicians’ preferences for related critical factor and the
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maximum value in a specific row indicates about associated evaluation parameter for each critical
factor. Such evaluation parameter is its category and is also depicted with a grey color. For
example, a row for a factor ‘Inadequate assistance & manpower’ shows value - four for response
time and one for efficiency, in which four is maximum value. Therefore, this factor is categorized
under response time. A detailed categorization based on system evaluation parameters is depicted
in figure 2, in the form of ‘red cross’. Each evaluation parameter is denoted by appropriate
alphabet and each critical factor is provided a serial number. So, we can refer a particular critical
factor with an alphanumeric index. For example, ‘Emergency’ can be referred as T9 and
‘Evidence-based practice’ is denoted as P3.

There is a major consensus on categorization of almost all critical factors with respect to system
evaluation parameters. One physician has suggested additional critical factor - ‘Protocols about
diagnosis and treatment’, which is not included in final list as its major aspects are covered by
other relevant factors already included in listed critical factors.

S5.2.CATEGORIZATION BASED ON CONSTITUENTS OF PATIENT
MANAGEMENT

Table 3. Categorization of critical factors based on constituents of patient management

Category Patient/ Infrastructure | Medical device | Physician Administration
disease [staff
Response T6,T9,TIO T2,T8 T2,T5,T8 T7,T8,TIO
Time
(M
- Precision P3 P2,P3 P5,P7,P8
P
Compre- Cé Ccl,C7 Cl1,C2,C5,
hension Cé
(9]
- Efficiency El,E2,E3 E6,E7
(E)

For improved and in-depth understanding of critical factors, two types of factor categorization
(based on system evaluation parameters and constituents of patient management) are combined
and represented in table 3. This table is constructed based on major constituents of patient
management such as patient / disease, infrastructure, medical devices, physician / staff and
administration. Also, the grey color shades are used to highlight an importance of a particular
constituent and darker the shade, more significant is the parameter. For example, in a row for
response time, a column associated with physician / staff is shaded in dark grey. It suggests that
critical factors related with physicians or staff are more important for an evaluation parameter -
response time. It can be observed that the darker color shades have appeared more with columns
of medical devices and physician / staff. It suggests that medical devices and physicians are most
important constituents of patient management in ICU.

5.3. CATEGORIZATION BASED ON USER INTERFACE (UI) DESIGN

The third categorization of critical factors is based on on-screen user interface design of medical
devices in ICU. With this perspective, categorization of critical factors is proposed derived from
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analytical discussion among the authors. The categories suggested, include factors relevant to
‘User Interface’, “Work environment & organizational culture’ and ‘Context’. The factors in the
category of ‘User Interface’ are selected based on related physicians’ survey. In this survey,
physicians have been asked to select the critical factors significant in their interaction with
medical devices using on-screen user interface. Table 4 provides a list of such critical factors
along with related frequency, which represents number of physicians supporting its selection in
category of ‘User Interface’. In this list, two factors - ‘Surveillance & monitoring’ and ‘Room
layout & location of resources’ have lesser frequency (one or two) and they are not included in
the list of factors affecting user interface design. In fact, many aspects of ‘‘Surveillance &
monitoring’ related with device interaction are covered in other selected factors - ‘Effectiveness
of display / UI design’ and ‘Design of alarms & alerts’. Also, other factor - ‘Room layout &
location of resources’ is more relevant to category ‘Work environment & organizational culture’
[16] rather than ‘User Interface’. Therefore, table 5 shows final categorization of critical factors
based on user interface design. It can be observed that factors related with a category of ‘User
Interface’ are mainly related with staff interaction with medical devices, which is extremely
important in patient care. This fact is similar to aviation industry in which the interaction between
pilots and technology in cockpit is also critical [17, 18].

Table 4. Selection of critical factors related with UI design based on physicians’ survey

Index Critical Factor Freq. | Index Critical Factor Freq.
T2 Complex technology 4 Cl Complex work flow & 4
information flow
T3 | Multitasking 4 C2 | Information overload 5
TS | Familiarity of equipment, 5 C3 | Effectiveness of display / Ul 5
procedure or environment design
T6 | Situation-specific quick fixes 4 C4 | Design of alarms & alerts 5
P1 Physicians ~ with  varying 5 C6 | Surveillance & monitoring 2
levels of critical care training
P3 Evidence-based practice 5 E2 | Type / amount / duration of 4
therapy
P4 Correctness of default 5 E6 | Room layout & location of 1
thresholds resources
P6 | Equipment defect & failure 5 E10 | Skills of nurses 5

A complete list of critical factors, which may affect the user interface design of medical devices,
is depicted in Table 6. This table follows a same indexing as discussed in earlier categorization.
For example, P3 is an alphanumeric index for critical factor — ‘Evidence-based practice’.
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Table 5. Categorization of critical factors based on UI design

Category Critical Factors
User Interface T2,T3,T5,T6,
P1,P3,P4,P6,
Cl-C4,
E2Z,EIO
Work Environment & T4,T7,T8,TI0,
Organizational Culture P5,P7,P8,
C5,C6,C7,
E3-E5,E7-E9,ElI-13
Context TI,T9,
P2,
EIl,Eé6

Table 6. List of critical factors affecting UI design in medical devices

Complex technology
(T2)

Multitasking
(T3)

Familiarity of equipment, procedure or
environment (T5)

Situation specific quick fixes
(T6)

Physicians with varying levels of
critical care training (P1)

Evidence-based practice
(P3)

Correctness of default thresholds (P4)

Equipment defect and failure
(P6)

Complex work flow and information
flow (C1)

Information overload
(C2)

Effectiveness of display / Ul design
(C3)

Design of alarms and alerts
(C4)

Type / amount / duration of therapy
(E2)

Skills of nurses
(E10)

6. CASE STUDY RELATED WITH CRITICAL FACTORS

For improved understanding of critical factors in ICU, a case study was followed with a given
description: A middle-aged man had a history of a fall from height and was suffering from a
head injury and multiple fractures. He was unconscious and required a ventilator support.
The critical factors related with this case and a relationship among these factors is depicted in
figure 3. This patient was brought to ‘Casualty Department’, where ‘Medical Officer’ provided
him with primary resuscitation. Since patient’s condition was highly critical, he was shifted to the
ICU. Generally, a patient’s bed position is decided based on one’s criticality and he was provided
one next to patient monitoring station in ICU for better surveillance. Physicians and nurses
initiated the treatment and patient care. It was observed that a critical care training of physicians
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and nursing skills played crucial role during patient care. A staff familiarity with equipment,
procedure and environment is important as it can affect the response time during emergency [19].
Physicians were involved in multiple tasks such as setting up medical devices, observing patient
condition, interpreting patient record / EMR or performing medical procedures. Here, they
interacted quite often with ventilator system or patient monitoring system through user interface.
Occasionally, they were involved in situation specific quick fixes such as setting parameters of
ventilator system, timely selection of ventilation mode depending on patient’s parameters and
providing alternative modes of oxygen as well as electric power supply.

ICU staff was dealing with complex technology related with medical devices. Depending upon
patient condition, correct threshold values were set in devices through user interface. Sometimes,
medical devices indicated changing patient conditions through alarms and alerts, which helped a
staff in better patient monitoring. Few equipment defects and failures were also observed during
patient care and they include inconsistent reading of patient parameters though automated probes,
false alarms or poor visibility of displayed information from a distance [20]. Other critical factors
such as display / UI design and complex work flow also affected the users’ comprehension about
patient condition or patient care.
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Figure 3. Case study depicting relationships among critical factors observed during study

Medical practice has become evidence-based practice [21] and a lot of evidences such as
Electronic Medical Record (EMR) and paper reports were generated and followed during patient
care. Many therapies were applied as per requirements such as surgical therapy (craniotomy),
intra-medullary nailing [22] and physiotherapy, and some of them were aimed at long-term care.
During patient care, a lot of information was generated in the form of EMR, diagnostic tests,
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readings / trends provided by devices and instructions on bed-side charts [23]. Often, it led to
information overload; much of which was due to faulty user interface design.

The critical factors such as evidence-based practice, therapies applied and information overload
affected patient care all-the time. Thus, such factors definitely need a special attention during user
interface design of medical devices.

7. CONCLUSIONS

The overview of research publications through a literature survey has directed a selection of thirty
eight critical factors, which are related with Intensive Care Unit. These factors are categorized by
number of ways based on system evaluation parameters, constituents of patient management and
user interface design. The physicians’ survey has helped in categorization of critical factors into
several relevant groups. The survey has also facilitated in identifying fourteen critical factors
which mainly affect the user interface design of medical devices in ICU. The critical factors
identified under the category - ‘User Interface’ include factors such as situation-specific quick
fixes, evidence-based practice, information overload, equipment defect and failure, skills of
nurses and others.

The identification and categorization of critical factors is extremely useful to several
professionals. Device manufacturers and user interface designers will certainly apply them during
various aspects of medical device design. ICU administrators and physicians will find them useful
in ICU resource management. Such positive approach by professionals will minimize errors
related with medical devices and ICU, improving the patient care.
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