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Abstract

Background The aim of this Delphi study was to reach consensus about definition, operationalization and assessment of
visual pursuit (VP) and visual fixation (VF).

Methods In a three-round international Delphi study, clinical and research experts on disorders of consciousness indicated
their level of agreement on 87 statements using a 5-point Likert scale. Consensus for agreement was defined by a median of
5, an interquartile range (IQR) <1, and > 80% indicating moderate or strong agreement.

Results Forty-three experts from three continents participated, 32 completed all three rounds. For VP, the consensus state-
ments with the highest levels of agreement were on the term ‘pursuit of a visual stimulus’, the description ‘ability to follow
visually in horizontal and/or vertical plane’, a duration> 2 s, tracking in horizontal and vertical planes, and a frequency
of more than 2 times per assessment. For VF, consensus statements with the highest levels of agreement were on the term
‘sustained VF’, the description ‘sustained fixation in response to a salient stimulus’, a duration of >2 s and a frequency of
2 or more times per assessment. The assessment factors with the highest levels of agreement were personalized stimuli, the
use of eye tracking technology, a patient dependent time of assessment, sufficient environmental light, upright posture, and
the necessity to exclude ocular/oculomotor problems.

Conclusion This first international Delphi study on VP and VF in patients with disorders of consciousness provides provi-
sional operational definitions and an overview of the most relevant assessment factors.

Keywords Visual pursuit - Visual fixation - Disorders of consciousness - Delphi study

Introduction

Unresponsive wakefulness syndrome (UWS), originally
called vegetative state (VS) [1], and minimally conscious
state (MCS) [2] are among the worst outcomes in survi-
vors of acquired brain injury. Patients in UWS/VS show
no signs of consciousness [3], whereas MCS patients dem-
onstrate reproducible, minimal signs of consciousness [2].
The diagnosis of MCS is based on one or more of the fol-

< Berno U. H. Overbeek
berno.overbeek @radboudumc.nl

Department of Primary and Community Care, Radboud
Institute of Health Sciences, Radboud University Medical
Center, Nijmegen, The Netherlands

2 Kalorama, Beek Ubbergen, The Netherlands

Azora, Terborg, The Netherlands

Faculty of Social and Behavioural Sciences, Department
of Psychology, University of Amsterdam, Amsterdam,
The Netherlands

Department of Neurology, Rigshospitalet, Copenhagen
University Hospital, Copenhagen, Denmark

Department of Clinical Medicine, University of Copenhagen,

Copenhagen, Denmark

Center for Specialized Geriatric Care, Joachim en Anna,
Nijmegen, The Netherlands

@ Springer

lowing behaviors: following simple commands, gestural
and/or verbal yes/no responses, intelligible verbalization
and purposeful behavior [2]. However, the inconsistent
presence of these minimal signs of consciousness can lead
to misdiagnosis, especially when the systematic use of
clinical assessment tools (e.g. the Coma Recovery Scale-
Revised; CRS-R [4]) is omitted, as demonstrated by sev-
eral studies showing that around 40% of patients presumed
to be in UWS/VS were found to be at least in MCS [5, 6].
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A correct diagnosis of MCS is important regarding prog-
nosis [7], ability to perceive pain [8], and effect of treat-
ments such as intensive neurorehabilitation [9, 10], phar-
macological treatment with amantadine or zolpidem [11,
12], transcranial direct current stimulation (tDCS) [13], or
deep-brain stimulation [14]. Moreover, compared to UWS/
VS, a diagnosis of MCS may lead to other medical-ethical
considerations because of experience of (some) awareness
[15-17].

Visual pursuit (VP) and visual fixation (VF) have
been recognized as being among the first signs of emerg-
ing consciousness and therefore considered indicative of
MCS [2]. Incorporation of VP into the diagnostic criteria
was motivated [18] by a higher incidence of VP in MCS
patients [19] and better prognostic outcomes [20, 21]. For
VF, no supporting data were reported for the incorporation
into the diagnostic criteria [18]. The importance of these
responses for a diagnosis of MCS has been demonstrated
in several studies [22-26] investigating the occurrence of
behavioral responses on the CRS-R [4]. This scale con-
sists of six subscales and is the most recommended scale
in clinical practice and endorsed by recently published
guidelines [27-29]. Visual responses were the most fre-
quently observed signs of consciousness [22-26]. A MCS
diagnosis based exclusively on the CRS-R visual subscale
score was found in 27-55% [6, 22-25].

The influence of VP and VF on the prevalence rate has
been demonstrated in a Dutch prevalence study on UWS/
VS [6]. In this study, the diagnosis of reported UWS/VS
patients was verified with the CRS-R and 15 of 41 patients
(37%), who were diagnosed as UWS/VS, were actually in
MCS. Among these 15 patients (11 MCS —, 4 MCS +),
8 showed VP and 1 VF. VP was the only observed sign
of consciousness in 6 patients, VF was not observed as a
single sign of consciousness.

However, despite the importance for the diagnosis and
prevalence of MCS, debate still exists about the clinical
significance of VP and VF. In 1994, 8 years before the
introduction of MCS as a specific level of consciousness,
the Multi Society Task Force on Persistent Vegetative
State (MSTF) advised to be cautious in diagnosing UWS/
VS. VP and VF could be either considered as visual ori-
enting reflexes or indicative of a transition to ‘a state of
awareness’ [3]. We reviewed the literature about this topic
over more than 20 years and found no agreed-upon defini-
tions and many different assessment scales with different
operational criteria [30]. In the European guideline on the
diagnosis of coma and other disorders of consciousness
(DoC), probing for voluntary eye movements has been
recommended [28]. However, the clinical significance of
VP and VF was not discussed extensively in this guideline,
nor in the US guideline [28, 29].

Therefore, a Delphi study was conducted with the aim to
reach more consensus about definition, operationalization
and assessment of VP and VF.

Methods

The Delphi technique was used to investigate the level of
consensus on definition, operationalization and assessment
items of VP and VF. A Delphi study is a multi-staged survey
which aims to achieve consensus on an important issue [31].
The result is an expert opinion about a subject where previ-
ously no such opinion existed. In the development of clin-
cial guidelines, the Delphi technique is used as a consensus
builiding process to capture expert opinions and experiences
[29, 32, 33].

This Delphi study consisted of three rounds, since this
approach provides the best balance between obtaining a high
level of consensus and maintaining a high response rate [31].
A two or three-round Delphi is in line with most Delphi
studies [34]. Prior to the start of the study, it was agreed that
a third round would take place if consensus was reached on
less than two thirds of the statements.

Based on an extensive literature review [30], four
researchers from the Netherlands (BO, JL, HE, RK) initi-
ated the study and developed the protocol and survey. Since
international consensus was aimed for, four other researchers
from different countries were approached to form an interna-
tional core group for further review of the protocol and sur-
vey. This core group consisted of 3 elderly care physicians
(a medical specialty in the Netherlands, formerly known as
nursing home medicine [35]), 2 clinical neuropsychologists,
a neuroscientist who had developed an assessment scale for
patients with DoC, an experienced neurologist in acute and
critical care, and a neuroscientist with expertise in human
eye movements.

After the core group approved the final version of the
survey, an international panel of experts was identified
and selected. Participants were recruited by searching the
reference list of our integrative review [30], by approach-
ing members of the International Brain Injury Associa-
tion (IBIA) special interest groups on diagnosis/prognosis
and treatment in DoC patients, and by the collaborative
network of the core group members. Potential participants
were considered as experts if they met one ore more of the
following criteria: (1) had published about DoC over the last
10 years, (2) developed assessment scale(s) for DoC patients
which include visual functions over the last 10 years, (3) had
clinical experience in the assessment and treatment of DoC
patients in the acute, post-acute or chronic phases over the
last 5 years, (4) were experienced in the neurobiology of eye
movements. Expert panel members received an online infor-
mation letter, gave digital informed consent before starting
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the first-round survey and received online access to the inte-
grative review [30].

In the survey, definitions and descriptions of both VP
and VF that were found in the literature review [30] were
presented, as well as the operational criteria direction of
tracking, frequency and duration of response. Regarding the
assessment factors, statements about assessment conditions,
type of stimulus and additional techniques were presented.
The statements were categorized in seven domains, accord-
ing to the study aims: terminology of VP, descriptions of
VP, items of operational criteria of VP, terminology of VF,
descriptions of VF, items of operational criteria of VF and
factors facilitating or confounding the assessment of VP and
VF. The survey was sent to the participants electronically
using LimeSurvey (www.limesurvey.org) (Supplementary
information).

For each statement, the level of agreement was indicated
on a five-point Likert scale which is generally used in Del-
phi studies [31]. The five levels were: strongly disagree (1),
moderately disagree (2), neutral (3), moderately agree (4),
and strongly agree (5). In addition to these levels the option
‘undecided’ could be chosen by experts, when they thought
they did not have sufficient expertise to indicate their level
of (dis)agreement. Apart from indicating the level of agree-
ment, suggestions for additional statements and comments
could be written under each domain. The suggestions and
comments were used for possible additions and/or revi-
sions of statements in the second round. The first round was
open for 3 weeks in June 2019. Before starting this round,
the following demographic data were collected: country of
residence, profession, experience with treatment of DoC
patients, work setting, use of assessment scale(s) and use
of additional techniques. The second round was open for
8 weeks over the summer period (July—September 2019). In
this round, participants received feedback to their answers
so they could see their own results compared to the median
scores of the entire expert panel. The third round was open
for 3 weeks (October—November 2019) and had the same
methodology as the second round.

Data analysis

Measures of central tendency and dispersion are the most
frequently used statistics in Delphi Studies [31]. Consensus
was calculated by combining median values, interquartile
ranges (IQR), and percentage of agreement. The median is
a measure of central tendency and the IQR is a measure of
variability, based on dividing the scores into quartiles and
calculating the difference between the first and third quartile.
A low IQR is preferred as this indicates little spread of the
scores. For each statement, the median, IQR and percentage
of agreement were calculated after each round, using SPSS
Statistics version 25.0 (Armonk, NY: IBM Corp).
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Consensus for agreement was defined as a median score
of 5, an IQR <1, and >80% scoring 4 or 5. Consensus for
disagreement was defined as a median of 1, an IQR <1,
and > 80% scoring 1 or 2. The consensus percentage of
80% is in line with a systematic review of 98 Delphi studies
which demonstrated that the level of consensus was most
frequently expressed in percentages with a median threshold
for consensus of 75% [34].

Ethical review

The protocol was reviewed by the medical-ethical commit-
tee of the Radboud University Medical Center and was not
considered to be subject to the Dutch Medical Research Act
Involving Human Subjects (1998). According to the med-
ical-ethical committee, further medical-ethical evaluation
was not indicated (file number 2019-5225).

Results
Expert panel

Of the 99 invited experts from three continents, 43 (44.8%)
agreed to participate. Thirty-two participants (74%) com-
pleted all 3 rounds (Fig. 1). Experts worked as medical
doctors (specialized in neurology, neurocritical care, neu-
rosurgery, rehabilitation and elderly care medicine) (33%),
neuropsychologists (33%), neuroscientists (12%), speech
therapists (9%), occupational therapists (9%) and research-
ers (7%). Forty percent combined a clinical profession with
a research function. The experts worked in hospitals, reha-
bilitation clinics and nursing homes or in a combination of
these settings. The mean experience of working with DoC
patients was 12.8 years. Assessment scales were used widely
and as many as 26 different scales were mentioned, of which
the CRS-R was most frequently used. Slightly more than
half of the experts used additional techniques, which were
mainly used in hospitals (77%), sparsely in rehabilitation
clinics (14%) and not at all in nursing homes. The most fre-
quently used technique was electroencephalogram (EEG)
(91%) (Table 1).

Consensus development

The first-round survey of the Delphi consisted of 73 state-
ments (Supplementary information). Based on the sugges-
tions and comments of the expert panel after the first round,
14 new statements were added to the second-round survey,
and 1 statement was slightly rephrased (Table 2). The num-
ber of statements with consensus in the three rounds was 14
(19%), 3 (4.1%) and 23 (32.9%) respectively. In total, con-
sensus was reached on 40/87 (46%) statements. The process
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Fig. 1 Flow chart of participa-
tion of experts

Experts approached (n=99)

« Clinician or therapist (n=30)

 Developer of assessment scale (n=8)

» DoC researcher (n=48)

» Neuroscientist/eye tracking expert (n=13)

A 4

Declined to participate (n=15)

» Stopped working in science (n=1)

» Stopped working in DoC research

(n=2)

« Lack of time (n=2)

» Opt out (n=7)

» Deceased (n=1)

+ Doubt about relevance of research
question (n=1)

» No reason reported (n=1)

A 4

Experts participated in round 1 (n=43)
+ Clinician/therapist (n=18)

+ Developer of assessment scale (n=3)

» DoC researcher (n=19)

» Neuroscientist/eye tracking expert (n=3)

A 4

No response (n=41)

A

\ 4

7 experts stopped participating,
no reason indicated

Experts participated in round 2 (n=36)
¢ Clinician/therapist (n=15)

¢ Developer of assessment scale (n=3)

e DoC researcher (n=16)

¢ Neuroscientist/eye tracking expert (n=2)

y

A 4

4 experts stopped participating

» Doubt about contributing to
consensus (n=1)

* No reason indicated (n=3)

Experts participated in round 3 (n=32)
¢ Clinician/therapist (n=14)
Developer of assessment scale (n=3)

L]
¢ DoC researcher (n=13)
L]

Neuroscientist/eye tracking expert (n=2)

of consensus development is described in Fig. 2 and state-
ments with consensus on agreement and disagreement are
presented in Tables 3 and 4 respectively.

Round 1

For VP, no consensus was reached on terminology and
description. Regarding operational criteria, consensus was
reached on testing VP in the horizontal plane (92.3%).
For VF, no consensus was reached on terminology either,

but consensus was reached on the description ‘sustained
fixation that occurs in relation to a salient stimulus’
(83.7%). Also, consensus was reached on the ‘frequency
of response’ (83.3%) as an operational criterion and more
specifically on the presence of > 2 responses per assess-
ment (82.4%). Regarding the assessment factors, consen-
sus was reached on the type of stimulus (100%), and in
more detail on the use of a personalized object (100%),
the presence of a person (97.5%) in particular a relative
(97.4%), a photo of a relative (94.7%) and the use of a
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Table 1 Characteristics of
expert panel and diagnostics
used (n=43)

Residence, number (%)
Europe

North America

Asia

Experience with treatment of DoC patients (years), mean (range)

Profession, number (%)
Medical doctor
Neurology®
Neurosurgery
Rehabilitation
Elderly care physician
Neuropsychologist
Neuroscientist
Speech therapist
Occupational therapist
Researcher

Clinical profession combined with research function
Professional setting, number (%)

Hospital

Rehabilitation clinic
Nursing home
Combination of settings
Not reported

Use of assessment scale, number (%)

Most frequently used®

Coma Recovery Scale revised (CRS-R)
Glasgow Outcome Scale (GOS)/Glasgow Outcome Scale Extended (GOSE)
Full Outline of Responsiveness Score (FOUR)
Wessex Head Injury Matrix (WHIM)
Use of additional diagnostic techniques, number (%)

Settings
Hospital
Rehabilitation clinic
Nursing home
Research setting (lab)
Most frequently used techniques

Electroencephalogram (EEG)

Functional Magnetic Resonance Imaging (fMRI)
Positron Emission Tomography (PET)

Magnetic Resonance Imaging (MRI)

Evoked and event related potentials

33(77)
7(16)
3(7)
12.8 (0-35)

14 (33)
8 (57)
2(14)
2(14)
2(14)
14 (33)
5(12)
4(9)

3(D)

3(7)

17 (40)

14 (33)
12 (28)
409
9 (23)
409
40 (93)

36 (90)
6 (15)
5(13)
5(13)
22 (51)

17 (77)
3(14)
0

209

20 (91)
12 (55)
11 (50)
7(32)
9 (18)

2 neurologists specifically reported working as neuro-intensivists

®The majority of the experts used a combination of assessment scales; therefore, numbers and percentages

exceed 43 (100%)

mirror (90.0%). Consensus was reached on physical set-
tings and circumstances as facilitating assessment fac-
tor (93.0%), in particular sufficient environmental light
(87.8%). No consensus was reached on a specific assess-
ment time. Consensus was reached on excluding oculomo-
tor (97.7%) and ocular (97.6%) problems as confounding
factors.
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Round 2

For VP, no consensus was reached on terminology and
description. In the comments after round 1, it was sug-
gested that VP should be tested in both horizontal and ver-
tical planes and therefore this was added as a statement,
which reached consensus (96.0%). For VF, no consensus
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Table 2 Revised and newly added statements in the second round

Terminology of visual pursuit
Ocular following
Purposeful eye movements
Pursuit of a visual stimulus
Visual following
Descriptions of visual pursuit

Ability to follow visually in horizontal and/or vertical plane (through right, left, upper and lower visual fields)?

Ability to follow a moving mirror or any moving stimulus (object, person) with the eyes only

Slow tracking movements of the eyes to keep a small moving stimulus on the fovea

Smoothly follow a moving object with the entire head and/or eyes

Smooth pursuit eye movements that occur in direct response to moving stimuli in horizontal and/or vertical plane through right, left, upper and/

or lower visual fields
Tracking eye movements following objects and/or people
Items for operational criteria of visual pursuit
Visual pursuit in horizontal and/or vertical plane®
Terminology of visual fixation
Sustained visual fixation
Factors facilitating or confounding the assessment of VP and VF

Assess patient in different positions like lying, sitting (if possible), standing (if possible e.g. in tilt table, standing frame)

The best moments for assessment of VP and VF are patient dependent

Visual evoked potentials

“Minor rephrasing of statement: horizontal and vertical plane replaced by horizontal and/or vertical plane

PExperts suggested to both include horizontal and vertical plane as operational criterion, instead of horizontal and vertical plane separately

was reached on terminology. Consensus was reached on
duration of the response as operational criterion (97.1%).
Concerning the time of assessment, a patient dependent time
of assessment was suggested and therefore added as a state-
ment, which reached consensus (96.4%).

Round 3

For VP, consensus was reached on 2 terms, with the highest
level of consensus reached on the term ‘pursuit of a visual
stimulus’ (90.3%). Consensus was reached on 5 descriptions,
with the highest level of consensus on: ‘ability to follow vis-
ually in horizontal and/or vertical plane (through right, left,
upper and lower visual fields)’ (90.6%). Regarding the oper-
ational criteria of VP, consensus was reached on the dura-
tion (90.3%) and frequency (90.6%) of the response. More
specifically, VP should have a duration of >2 s (80.8%), and
a frequency of >2 VP responses per assessment (83.3%).
Rejected statements were the description ‘smoothly follow
a moving object, with the entire head’ (93.3%), and 2 opera-
tional criteria: a duration of 1 s (96.3%) and a frequency of
1 response per assessment (93.3%). For VF, consensus was
reached on the term ‘sustained visual fixation’ (87.5%), on a
duration of >2 s (93.3%), and on a frequency of 2 responses
per assessment (93.3%). A duration of 1 s (87.1%) and a fre-
quency of 1 response per assessment (90.0%) were rejected.
Regarding the assessment, consensus was reached on the

following facilitating assessment factors: the use of a photo
(100%) in particular of the patient him/herself (96.6%), the
use of eye tracking technology (100%), and an upright sitting
position (86.7%). At the end of this round, consensus was
reached on all domains.

Discussion

This is the first study to reach consensus on definitions,
descriptions, operational criteria and relevant assessment
factors of VP and VF in DoC patients. The provisional
operational definitions of VP and VF are based on a com-
bination of the highest levels of agreement on terminology,
description and operational criteria (Boxes 1 and 2). In
addition to the provisional operational definition, this study
provides an overview of the assessment factors that need to
be considered.

We formulated the following provisional operational
definition for VP: pursuit of a visual stimulus in which the
patient follows visually in horizontal and/or vertical plane
(through right, left, upper and lower visual fields) with a
duration of more than 2 s, tested in the horizonal and/or
vertical planes, and observed more than 2 times in a single
assessment session. The newly proposed term ‘pursuit of a
visual stimulus’ is more in line with the functional defini-
tion of VP, which is described as allowing clear vision of
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Fig.2 Consensus development
73 statements
e VP terminology (n=6)

e VP description (n=8)
(n=11)

e VF, terminology (n=3)

e VF, description (n=5)

(n=8)

e VP items for operational criteria

e VF, items for operational criteria

e Assessment factors (n=32)

Consensus with statements (n=14)
e VP, items for operational criteria (n=1)

A 4

e VF, descriptions (n=1)
e VF, items for operational criteria (n=2)
e Assessment factors (n=10)

Additional statements retrieved from

A 4

answers to open questions (n=14)

Round 2
73 statements

e 59 statements without consensus
e 14 newly added statements

e VP, terminology (n=4)

VP, descriptions (n=5)

VP, items for operational criteria (n=1)
VF, terminology (n=1)

Assessment factors (n=3)

A
e o o o

Consensus with statements (n=3)
e VP, items for operational criteria (n=1)

A 4

e VF, items for operational criteria (n=1)
e Assessment factors (n=1)

Round 3
70 statements

Consensus with statements (n=18)
VP, terminology (n=2)
VP, descriptions (n=5)

A 4

the object as it moves within the environment [36]. There
was agreement to add the duration of VP as an additional
operational criterion. This is useful, since as early as in
1994, ‘sustained VP’ was reported by the MSTF as a dif-
ferentiating sign between UWS/VS and a state of emergence
out of UWS/VS (i.e. a higher level of consciousness) [3].
Some years later, it was discussed whether UWS/VS patients
were capable of visually tracking and it was reported that
lack of an accepted operational definition contributed to the

@ Springer

L]
L[]
e VP, items for operational criteria (n=4)
e VF, terminology (n=1)

e VF, items for operational criteria (n=2)
e Assessment factors (n=4)

Consensus against statements (n=5)

e VP, descriptions (n=1)

e VP, items for operational criteria (n=2)
e VF, items for operational criteria (n=2)

ambiguity of the status of VP [37]. The addition of a dura-
tion of 2 s increases clarification of the concept of ‘sustained
VP’ and emphasizes that the VP response should be of suf-
ficient long duration, since a short duration (i.e. of 1 s) was
rejected.

We formulated the following provisional operational defi-
nition of VF: sustained fixation on a salient visual stimulus,
in which the patient fixates more than 2 s and observed 2
times or more in a single assessment session. The adjective
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Table 3 Statements with consensus on agreement (n=35)

Domain Agreement (%)

Terminology of visual pursuit

Pursuit of a visual stimulus 90.3

Pursuit eye movements 87.1

Description of visual pursuit

Ability to follow visually in horizontal and/or vertical plane (through right, left, upper and lower visual fields) 90.6

Ability to follow a moving mirror or any moving stimulus (object, person) with the eyes only 87.5

Smooth pursuit eye movements that occur in direct response to moving stimuli in horizontal and/or vertical plane through right, 83.9
left, upper and/or lower visual fields

Tracking eye movements following objects and/or people 83.3

Pursuit eye movements that occur in direct response to moving stimuli 81.3

Items for operational criteria of visual pursuit

Duration of response 90.3
More than 2 s 80.8

Horizontal plane 92.3

Horizontal and/or vertical plane 96.0

Frequency of VP within one assessment session 90.6
More than 2 VP responses per assessment 83.3

Terminology of visual fixation

Sustained visual fixation 87.5

Description of visual fixation

Sustained fixation that occurs in direct response to a salient stimulus 83.7

Items for operational criteria of visual fixation

Duration of response 97.1
More than 2 s 933

Frequency of response 83.3
2 VF responses per assessment 93.3
More than 2 VF responses per assessment 82.4

Factors facilitating or confounding the assessment of VP and VF

Facilitating factors

Type of stimulus 100?
Personalized object 100
Photo 100
Photo of the patient him/herself 96.6
Photo of a relative 94.7
Persons 97.5
Relatives 97.4
Mirror 90.0

Use of eye tracking 100

The best moments for assessment of VP and VF are patient dependent 96.4

Physical settings and circumstances 93.0
Sufficient environmental light 87.8
Patient in an upright sitting position 86.7

Confounding factors

Oculomotor problems (i.e. problems of the eye muscles and/or their innervation) 91.7

Ocular problems (i.e. problems of the eyes themselves) 97.6

*Facilitating factors grouped by highest percentages of main items
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Table 4 Statements with consensus on disagreement (n=5)

Domain Disa-
gree-
ment
(%)

Description of visual pursuit

Smoothly follow a moving object, with the entire head 93.3

Items for operational criteria of visual pursuit

Is 96.3

1 VP response per assessment 93.3

Items for operational criteria of visual fixation

1 VF response per assessment 90.0

Is 87.1

‘sustained’ was added to both terminology and description.
This supports the previously mentioned distinction between
UWS/VS and MCS by a brief and sustained VF response
respectively [2]. Like VP, a VF response should be of suffi-
cient long duration, a short duration (i.e. of 1 s) was rejected.
Moreover, VF in the context of DoC reflects refixation of
gaze on a moving stimulus, which has to be differentiated
from a more general functional definition of VF which is
the maintenance of a stationary stimulus on the fovea [36].

To detect VP and VF optimally, the following facilitating
factors are important in the assessment: the use of personal-
ized stimuli such as meaningful objects, photos, persons,
or a mirror which enables reflection of one’s own face, a
personally optimized assessment time, sufficient light and
upright posture as physical circumstances and eye tracking
as potential accessory diagnostic technique. The relevance
of using personalized stimuli is in line with a recent review
that concluded that the use of personalized stimuli results
in detection of more behavioral and electrophysiological
responses [38]. Personalization not only accounted for the
applied stimuli, but also for the time of assessment. Sev-
eral standard time intervals were proposed without reach-
ing consensus on any interval. A patient dependent time of
assessment was suggested by several experts with the moti-
vation that personal factors such as fatigue, daily individual
schedule and individual circadian rhythm can influence the
optimal time of assessment. Sufficient light and upright body
posture are important physical settings and circumstances.
The use of bright light can lead to higher levels of conscious-
ness on the CRS-R [39] and an upright position is associated
with better arousal levels and a greater behavioral repertoire
[40]. Ocular and/or oculomotor problems were considered
as confounding assessment factors and can influence clinical
assessment [41], as shown by an absence of visual subscale
scores on the CRS-R in about 20% of MCS patients [23].
In this regard, screening on ocular/oculomotor problems is
necessary. Eye tracking was considered a useful accessory
diagnostic technique, which has been shown to be helpful in
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differentiating between UWS/VS and MCS [42]. However,
eye tracking has not been fully developed yet in the study
of disorders of consciousness, and the measurement of eye
movements in DoC patients needs further research [43].

Box 1 Highest percentages of agreement
for visual pursuit and visual fixation

Domains Visual pursuit Visual fixation
Highest level of Highest level of
agreement agreement

Terminology Pursuit of a visual Sustained visual

stimulus fixation

Description Ability to follow Sustained fixation

that occurs in
direct response to a
salient stimulus

visually in horizon-
tal and/or vertical
plane (through
right, left, upper
and lower visual
fields)
Operational criteria Duration>2 s Duration>2 s
Testing in horizontal
and/or vertical
plane
> 2 responses per
assessment

>?2 responses per
assessment

Box 2 Highest percentages of agreement
on assessment factors

Main assessment factors with Detailed assessment factors with
highest levels of agreement ~ highest level of agreement

Type of stimulus Objects with a personal meaning

Photos of patient him/herself or
relatives

Presence of familiar persons at the
assessment session, especially
relatives

Mirror

Eye tracking technology Use eye tracking technology

Time of assessment Best time of assessment is patient
dependent

Provide sufficient environmental
light

Assess patient in an upright posi-
tion

Setting and circumstances

Confounding factors Take oculomotor problems into

account

Take ocular problems into account
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Strengths and limitations

The strength of this study is that a highly experienced panel
of experts, from 3 continents, succeeded on reaching con-
sensus on definitions, descriptions and operational criteria
of VP and VF for the first time. This consensus develop-
ment made the proposition of operational definitions of
VP and VF possible. However, there are some limitations
to address. First, despite the international character of the
expert panel, there was an underrepresentation of neurosci-
entists with expertise on eye movements because only 23%
of the recruited experts agreed to participate, compared to
40-50% of the other expert categories. Therefore, valuable
input and new perspectives from this field may have been
missed. However, since these experts were mainly from out-
side the DoC research field, the experts who participated
are a good representation of current clinical practice and
research field on DoC. Second, according to the Delphi
methodology, experts indicated their level of (dis)agree-
ment for each statement but did not have the possibility to
indicate an order of preference. This could have been help-
ful in reaching more consensus, since choosing the most
appropriate statement was sometimes difficult because of
minor differences in phrasing and/or content. On the other
hand, indicating agreement on separate statements led to
consensus on all domains. Moreover, the consensus state-
ments are strongly supported since consensus requirements
were set high.

Future directions

The proposed operational definitions from this Delphi study
provide a basis for reaching international consensus on the
diagnostic assessment of VP and VF. To achieve this, two
further steps are necessary. Firstly, consensus is needed on
the proposed definitions of VP and VF and secondly, further
research is needed into reliability and validity of the estab-
lished operational definitions.

Based on the unanimous consensus that eye tracking is a
facilitating factor for detecting VP and VF, we recommend
further research into the use of eye tracking, a promising
technique that might be useful to quantify VP and VF assess-
ments in practice.

From a broader perspective on this subject, more fun-
damental research is required into the neural basis of VP
and VF and the relation to consciousness. The association
between visual awareness and eye movements is subject of
debate and it has been shown that the eyes react to moving
objects even when the object is presented below the thresh-
old of awareness [44]. The need for further research into the
neural basis of VP and VF and the relation to conscious-
ness also stresses the need for a gold standard measure for
determining the level of consciousness. Until now, clinical

evaluation is considered as the gold standard for assessing
patients with DoC [45]. However, this approach leads to
high misdiagnosis rates because of limitations on patient,
examiner and environmental level [45]. The use of imaging
and electrophysiological techniques has been extensively
investigated and their use is recommended, especially when
command following is not observed clinically [28]. How-
ever, there are challenges regarding availability (i.e. these
techniques are not routinely available) and uncertainty about
the clinical and prognostic significance of the use of these
techniques which can raise ethical dilemmas [46].

The provisional operational definitions for VP and VF
resulting from this Delphi study largely correspond to the
representation of these responses in the CRS-R administra-
tion and scoring guideline [47]. In each CRS-R subscale,
the name of the response, assessment methods and scoring
criteria are mentioned. These items are also incorporated in
our operational definitions and like the CRS-R, our opera-
tional definition contain clear criteria for establishing the
presence of VP and/or VF. However, the operational defini-
tions proposed in this study provide a more comprehensive
representation of: (1) what the response entails, and (2) what
exactly a patient is capable of when demonstrating pursuit of
a visual stimulus and/or sustained visual fixation. Concern-
ing the assessment, a more extensive approach is recom-
mmended, in which accurate assessment of individually
observed behavior is added to standardized methods such
as the CRS-R. In a recently published review on behavio-
ral assesment in DoC patients, standardized and individual
appraoces have been discussed and a combination of these
two approaches was recommended [48].

In conclusion, this Delphi study provides provisional
operational definitions of VP and VF and an overview of the
most relevant assessment factors. The use of unambiguous
operational definitions in the assessment procedure and an
adaptation of the assessment procedure to individual circum-
stances is crucial for improvement of diagnostic accuracy
and establishing reliable prevalence rates of MCS and other
DoC, which is essential for allocating appropriate treatment
to DoC patients and determining treatment services.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00415-021-10905-y.
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