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Abstract
Introduction  Resistance to eye opening (REO) is a commonly encountered phenomenon in clinical practice. We aim to 
investigate whether REO is a sign of consciousness or a reflex in severely brain-injured patients.
Methods  We recorded REO in chronic patients with disorders of consciousness during a multimodal diagnostic assess-
ment. REO evaluations were performed daily in each patient and clinical diagnosis of unresponsive wakefulness syndrome 
(UWS), minimally conscious state with (MCS+) or without (MCS−) preserved language processing was made using the 
Coma Recovery Scale-Revised (CRS-R).
Results  Out of 150 consecutive patients, 79 patients fit inclusion criteria. REO was seen in 19 patients (24.1%). At the group 
level, there was a significant relationship between the presence of REO and the level of consciousness. We also observed a 
difference in the repeatability of REO between patients in UWS, MCS− and MCS+. Out of 23 patients in UWS, six showed 
REO, in whom five showed atypical brain patterns activation.
Conclusion  Our findings suggest a voluntary basis for REO and stress the need for multiple serial assessments of REO in 
these patients, especially since most patients show fluctuating levels of consciousness.

Keywords  Disorders of consciousness · Resistance to eye opening · Unresponsive wakefulness syndrome · Minimally 
conscious state

Introduction

Resistance to eye opening (REO) concerns the strong clo-
sure of the already closed eyelids by a patient while trying 
to open the eyes for the ophthalmological examination. It 
was first described by Charles Miller Fisher [1] and is often 

seen in conversion disorders such as psychiatric coma and 
non-epileptic seizures [2, 3]. Although it is usually consid-
ered a voluntary, albeit motiveless, response comparable to 
gegenhalten [4], it has also been considered to be a reflex 
in reports of anoxic and ischemic basal nuclei pathology [5, 
6], brainstem lesions due to stroke or demyelination [7], and 
even paraneoplastic syndromes [8, 9]. Furthermore, reflex 
closure of one eye upon touch of the eyelid has also been 
described in preterm born children [10]. The hyperexcitable 
orbicularis oculi (or glabellar tap) reflex and the blink reflex 
in untreated Parkinson’s disease [11] have historically been 
considered identical to the resistance to eye opening that 
Miller Fisher described [12]. Thus, there might be two dif-
ferent presentations of REO, namely voluntary and reflexive.

At present, empirical data regarding REO in chronic dis-
orders of consciousness (DOC) such as the unresponsive 
wakefulness syndrome (UWS, also called vegetative state 
[13]) and the minimally conscious state (MCS [14]) have 
not been studied. UWS patients only show reflexive behav-
iors whereas patients in MCS show fluctuating but repro-
ducible signs of consciousness such as visual pursuit and 
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responses to command. Patients who show behaviors such as 
visual pursuit or automatic motor reactions, are considered 
MCS− while patients who show signs of preserved language 
processing are considered MCS+ [15]. Misdiagnosis among 
these disorders is frequent and can lead to serious medical 
and ethical issues [16].

The aim of the present study is to investigate if REO is 
present in patients in chronic UWS, MCS− and MCS+ and 
if so, whether it can help to distinguish between these states. 
Our test hypothesis is that it should be possible to distinguish 
between reflex and voluntary: in the case of a volitional 
response, REO should be seen repeatedly during multiple 
assessments in patients with higher levels of consciousness.

Methods

During a period of 28 months, we selected all patients over 
16 years of age in UWS, MCS− and MCS+ who were 
admitted to our hospital for a multimodal diagnostic workup 
(including positron emission tomography and magnetic reso-
nance imaging scanning). Patients were excluded when in 
the acute phase (i.e., within 30 days of brain injury), diag-
nosed other than DOC, were sedated, medically unstable, 
or could not be assessed more than once to assess repeat-
ability. The diagnosis was based on repeated assessments 
with the Coma Recovery Scale-Revised (CRS-R) [17], in 
which patients are tested extensively on different clinical 
subscales of consciousness, namely auditory, visual, motor 
and oromotor/verbal functions, communication and arousal.

REO was defined as a forceful closure of one or both eyes 
upon manual opening of the upper eyelid on either side by 
the examiner [1]. Assessments of CRS-R and the presence of 
REO were performed daily by experienced neuropsycholo-
gists. The repeatability of REO was defined as the number 
of CRS-R assessments in which REO was observed divided 
by the total number of CRS-R assessments. Differences in 
the presence and repeatability of REO between the UWS, 
MCS− and MCS+ patient groups were examined using Chi 
square, Kruskal–Wallis H and Mann–Whitney U tests. Two-
tailed p values of < 0.05 were considered significant. For 
statistical analysis, IBM SPSS version 19.0 was used (IBM 
Belgium).

Most patients underwent a positron emission tomography 
that was performed and analysed as in our previous studies 
[18, 19]. Briefly, patients were scanned after the injection 
of fluorodeoxyglucose and brain areas showing significantly 
preserved or decreased metabolism were detected in each 
patient compared to a group of healthy controls. Typi-
cally, patients in MCS show preserved metabolic activity 
in the associative fronto-parietal network, while patients 
in UWS show no preserved metabolism in this network 
[19]. A few patients also underwent a magnetic resonance 

imaging during which they were instructed to perform men-
tal imagery tasks, done as previously published [20]. Clini-
cal reports of these neuroimaging findings were reviewed 
and compared to the REO data. The study was approved by 
the Ethics Committee of the Medical School of the Univer-
sity of Liège and informed consents were obtained from the 
patient’s legal surrogates.

Results

Of a total of 150 screened patients, 79 patients (36 females, 
median age 37, interquartile range (IQR) 28–52 years) fit the 
inclusion criteria. The median interval between brain injury 
and assessment was 15 months (IQR 1–41 months). Etiolo-
gies were traumatic brain injury (TBI) (n = 42, 53%), post-
anoxic encephalopathy due to cardiac arrest (n = 25, 32%), 
ischemic or hemorrhagic stroke (n = 6, 8%), subarachnoid 
hemorrhage (n = 5, 6%), encephalitis (n = 2, 3%), and hypo-
glycemia (n = 1, 1%). Two patients had suffered from cardiac 
arrest after traumatic brain injury. Of these 79 patients, 23 
were diagnosed in UWS (29%), 15 in MCS− (19%) and 41 
in MCS+ (52%).

REO was observed in 19 out of 79 patients (24.1%) during 
one or more behavioral assessments: six out of 23 patients 
in UWS (26%), eight out of 15 patients in MCS− (53%) and 
five out of 41 patients in MCS+ (12%) (Table 1). The Chi-
square test of independence showed a significant relationship 
between the presence of REO and the level of consciousness 
(χ2 = 10.25, df = 2, p = 0.006). There was no difference in the 
presence of REO between patients with and without TBI 
(χ2 = 1.23, df = 1, p = 0.27).

A Kruskal–Wallis H test showed that there was a sta-
tistically significant difference in the repeatability of REO 
between patients in UWS, MCS− and MCS+ (χ2 = 6.01, 
df = 2, p = 0.049, with a mean rank repeatability of 9.8% 
in UWS patients, 7.1% in MCS− patients and 14.9% in 
MCS+ patients). Performing Mann–Whitney U post hoc 
tests revealed that there was a significant difference between 
patients in MCS− and MCS+ (Z = − 2.21, p = 0.027), while 
repeatability of REO between UWS and MCS− and between 
UWS and MCS+ did not differ (Z = − 1.10, p = 0.27, and 
Z = − 1.74, p = 0.082, respectively, see Fig. 1).

Among the six patients in UWS with REO, five showed 
neuroimaging results that were more compatible with the 
diagnosis of MCS (Fig. 2). Using positron emission tomog-
raphy, four patients presented relatively preserved metab-
olism in the fronto-parietal network (Fig. 2a) (as usually 
observed in patients in MCS) and one patient was able to 
respond to command using a motor imagery task (i.e., imag-
ine playing tennis) when assessed with functional magnetic 
resonance imaging, which indicates that this patient pre-
sented a cognitive-motor dissociation (Fig. 2b) [19–21]. 
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Only one of these patients recovered from UWS on re-exam-
ination 6 months later (two passed away and three remained 
clinically in UWS). Of the patients in UWS without REO, 5 
out of 17 also showed atypical brain pattern that was more 
compatible with the diagnosis of MCS, which is in line with 

previous studies [19]. This atypical brain metabolism was 
thus seen more often in UWS patients with REO (83%) than 
without REO (29%) (χ2 = 5.25, df = 1, p = 0.02).

Discussion

In this study, REO was observed in about one out of four 
patients with disorders of consciousness, which is quite fre-
quent considering how scarce the literature is on this subject. 
It is, therefore, important to know how to interpret this find-
ing in this challenging population. In their landmark book 
on disorders of consciousness, Plum and Posner make a 
distinction between voluntary and reflex REO, as they state 
that in the assessment of comatose patients “strong resist-
ance to eyelid opening and then rapid closure, is usually 
voluntary, suggesting that the patient is not truly comatose. 
However, lethargic patients with either metabolic or struc-
tural lesions may resist eye opening, as do some patients 
with a non-dominant parietal lobe infarct” [22]. This diffi-
culty is confirmed by our results in patients in DOC, where 
the clinical finding of REO at the individual level cannot 
reliably distinguish between voluntary or reflex behavior 
(and thus conscious versus unconscious patients), since 6 
out of 23 UWS patients presented REO. CRS-R assessments 
provided a clear diagnosis of UWS in all six patients, but, 

Table 1   Characteristics of the 
patients displaying resistance to 
eye opening

Repeatability is defined by REO observed/total number of assessments
CRS-R Coma Recovery Scale—revised, UWS unresponsive wakefulness syndrome, MCS− minimally con-
scious state minus, MCS+ minimally conscious state plus, TBI traumatic brain injury, ADEM acute demy-
elinating encephalomyelitis, SAH (aneurysmal) subarachnoid hemorrhage

ID Gender Age at injury CRS-R diagnosis Etiology Time since injury Repeatability

1 Male 24 UWS TBI 2 years 4 months 1/12
2 Male 28 UWS TBI 3 years 0  months 4/9
3 Female 36 UWS Anoxia 5 years 8  months 2/12
4 Female 49 UWS Anoxia 38 days 1/4
5 Male 40 UWS Anoxia 7 years 11  months 2/13
6 Male 53 UWS Meningitis 2 months 2/6
7 Female 28 MCS− TBI 1 years 6 months 1/8
8 Male 73 MCS− TBI 1 months 1/5
9 Male 34 MCS− TBI 8 years 10 months 1/6
10 Male 13 MCS− TBI 8 years 2 months 1/5
11 Female 26 MCS− ADEM 2 years 1 months 1/10
12 Female 47 MCS− Anoxia 1 years 3 months 3/14
13 Female 59 MCS− Anoxia 2 months 1/7
14 Male 47 MCS− Anoxia 4 years 1/7
15 Male 32 MCS+ TBI 2 years 10 months 4/9
16 Female 22 MCS+ TBI 1 years 10 months 1/7
17 Female 43 MCS+ SAH 3 months 6/8
18 Female 64 MCS+ SAH 3 years 9 months 6/9
19 Female 47 MCS+ SAH 6 months 7/11

Fig. 1   Repeatability of resistance to eye opening between the three 
different states of consciousness. Values are expressed as medians 
and interquartile range (IQR). UWS unresponsive wakefulness syn-
drome, MCS− minimally conscious state minus, MCS+ minimally 
conscious state plus
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interestingly, neuroimaging results showed atypical brain 
activation in 5 of these patients (as well as 5 out of 17 UWS 
patients without REO). For such UWS patients who show 
a dissociation between behavior and brain results, the diag-
nosis of MCS* has been suggested [18, 23], and for patients 
who show specific brain activation during mental imagery 
tasks, the diagnosis of cognitive-motor dissociation has been 
proposed [21]. Regarding REO outcome, only one of these 
patients in UWS recovered signs of consciousness 6 months 
post-evaluation, which indicates that there is no prognostic 
value of REO in chronic patients in UWS in the present 
dataset.

At the group level, we, however, observed a significant 
relationship between the presence of REO and the level of 
consciousness. REO repeatability was also the highest in 
patients in MCS+, suggesting a link between the number of 
times REO is seen and the level of consciousness. This is 
comparable to the way the CRS-R is used, where consistent 
or reproducible findings of even one specific behavior are 
enough to indicate a certain level of consciousness. Our find-
ings, therefore, suggest a voluntary basis for REO when it is 
seen multiple times in a single patient, and stress the need 
to assess REO repeatedly in DOC patients, especially since 

most patients with chronic DOC have fluctuating levels of 
consciousness.

Voluntary forceful eye closure is mediated by sensory 
input through spino-thalamical and thalamo-cortical con-
nectivity with the somatosensory cortex and motor control 
from precentral gyrus and corticobulbar tract. Functional 
magnetic resonance imaging studies have shown that during 
voluntary blinking, increased activity is especially seen in 
the medial parts of precentral gyrus, superior frontal gyrus 
and occipital cortex; the latter probably due to visual activa-
tions [24]. Further studies should, therefore, look into the 
correlation between the localization of brain lesions and the 
presence and repeatability of REO. Although this study used 
a large population of DOC, results should be read with cau-
tion due to the heterogeneity in etiologies, time since onset 
and brain damage.
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