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Objective: To determing the longderm ontcome of patients with stable lockedin syndrome,
Setting: The community, Design: Retrospective phone survey. This study was furcher follow-up on
a previously reported cohort, Participants: Twenty-nine persons with locked-in syndrome were
included in an inidal cohort 11 years prior to the current study. Records or contact with family
showed that 16 were deceased, Telephone interviews were made with 1 living patient and the
caregivers of 11 others. Public records docamented survival of 1 nonrespondent. Qutcome mea-
sures: Survival, codified responses regarding functional activities, social activities, and satisfaction
with life. Results: Five., 10+, and 20year survival were 83%, 85%, and 40%, respectively, Ten sub-
jeots bad not been hospitalized in the previous year. Bight lived with family, Little change in impais-
ment oceurred, but care was sioplified. Improvements in communleation related o technology,
incloding computer and Internet access, Bleven left home at least monthly, Caregiverss reported
seven expressed satisfaction with Jife; five were occasionally depressed. No deaths could be at-
tributed o cuthanasia and no survivor had a “no code” statas. One patient wished to die, seven
had never considered cuthanasia, six had considered and rejected it. Conclusions: Persons with
initially stable locked-in syndrome can have prolonged suevival, can live in the community If there
is enough support, and have some measure of quality of life, Key words: bratnsiem, locked-in

syndrome, quality of lfe, tetraplegia,
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state, locked-in syndrome (LIS), and high
tetraplegia have been the subject of substan-
tial medical and ethical debate. There are con-
cerns about quality of life.! Others debate the
right to decide the patient’s fate regarding
end of life, health care, and social and finan-
cial decisions.>? The allocation of resources
1o maintain their lives is a high-stakes game.*
The debates have proceeded with little actual
information on survival or quality of life, and
with little input from the persons who have
these disabilities.

Jean-Dominique Baube, the French editor
and author, has puat 2 human face on the
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disabilities involved. His book, The Diving
Bell and the Butterfly,® was written through
eye-blink Morse code signals after he suffered
a brainstem stroke. In the book he uses great
artistry to describe not only his physical con-
dition, but also the fantasies, humor, and de-
spair of a real person going through this pro-
¢ess, Baube died on the day that his book was
refeased to the public, and the proceeds have
gone to form the Association du Locked-in
Syndrome (ALIS), whose website, www.clul-
internet.fr/alis/main html, and French lan-
guage newsletter are core sources of informa-
tion for people with LIS and their families.
The continued brilliant productivity of Steven
Hawking, the physicist who has been unable
to move due to a neuromuscular illness, has
sensitized the public to the possibility that
people with severe paralysis can be produc-
tive members of society.

Especially for persons with LIS, there have
been quantum leaps in technologies that have
potential to redefine quality of life. Augmen-
tative communication devices have increased
in sophistication and decreased in cost. Cou-
pled with a computer and a connection, these
devices can allow a person who is unable to
move or talk to communicate with individ-
uals around the world, ‘With new switching
mechanisms, computers can now efficiently
transfer a miniscule biosignal into large and
complex movements for envirohmental con-
trol and mobility. As a result of these changes,
one can no longer make assumptions regard-
ing the association between the impairment
and the quality of life of persons with LIS.
Albrect’s contention. that disability and qual-
ity of life are not directly related, in part be-
cause of use of technology, makes sense for
this population.®

Locked-in-syndrome, generally caused by
an insuly to the ventral pons, is perhaps the
most disabling condition in which a per-
son retaing consciousness. In 1966, Plum and
Posner” first introduced the term “locked-
in syndrome” into the medical literature, re-
ferring to the constellation of quadriplegia,
lower cmnial nerve paralysis, and mntism,
with presecvation of consciousness, vertical

gaze, and upper eyelid movement, Haig et al®
redefined LIS as quadriplegia and anarthria,
with preservation of consciousness, Anarthria
is the neurologic inability to speak, as op-
posed to mutism, which can imply the unwill-
ingness to speak.,

More than 20 different etiologies of LIS
have been described, with ventral pontine
strokes the most common ' Trauma, hy-
potensive events, tamors, infection, and le-
sions of other areas of the brainstem are
among other causes. Morbiclity and mortality
(60%) are thought to be highest within the
first 6 months."! The early literature, biased
in favor of cases with autopsy evidence, and
with almost no reporting of long-term follovw-
up on survivors, led many to believe that
long-term survival is rare, or that survivors in-
cluded only persons who recovered to some
extent.”

In May of 1985, this study was initiated
with a review of medical records of all per-
sons treated at The Rehabilitation Institute
of Chicago, a major free-standing rehabilita-
tion hospital, during the previous 3-year pe-
riod with a diagnosis of brainstem stroke or
LIS, The inclusion criteria were conscious-
ness, anarthria, quadriplegia, and persistence
of the locked-in state for more than 1 year af-
ter onset. A cohort of 29 LIS patients who met
the inclusion criteria was identified,

Clear evidence of consciousness was de-
fined by mental status examination. Cobhb'3
defined consciousness as the awareness of
oneself and one’s environment, Patients were
required to respond consistently to ques-
tions about themselves and their environ-
ment on the admitting mental status exam-
ination. Patients were considered anarthric
if they demonstrated an inability to produce
voluntary speech sounds, They were not ex-
cluded if they occasionally demonstrated in-
voluntary cries, which can occur in this pa-
tient population, '

Quadriplegia was defined as the inability to
move any limb against gravity, Patlents with
minimal hand movements (eg, for activation
of a small switch; not for object manipulation)
were inclucded as they bad letle functional



advantage over patients who used facial mus-
cles to trigger a switch, A l-year time frame
wits selected to eliminate persons who died
from their acute event or other premorbid il
nesses and to eliminate persons who had eatly
spontaneous recovery from LIS, It has been
shown, for example, that the probability of dy-
ing after spinal cord injury is greater during
the first year post injury.'®

‘The initial study showed that 24 were still
alive, with 1 subject alive 12.5 years after
onset.® Significant recovery 'was noted in only
a few patients. Progress was noted, however,
in rehabilitation, Simplification of care with
removal of tubes and changing of bowel, blad-
der, and eating regimens was shown years af
ter onset. Seventeen of the cohort lived at
home and 8 had never been hospitalized after
the initial event.

A Syear follow-up study used a life-table
analysis to show a S-year survival from on-
set of LIS of 81%.'* Caregiver burden was
noted to be substantial, but familics typically
continued to successfully care for their loved
ones, During those interviews we were struck
by the individual stories. The current 11-year
follosv-up was designed to probe into quality
of life as well as the medical and functional
issues. Here 'we present very long term sur-
vival, functional status, and quality-oflife data
on this population.

METHODS

Permission for the follow-up study was
granted by the institutional review boards of
both the University of Michigan and the Reha-
bilitation Institute of Chicago (Northwestern
University). Subjects were traced through pre-
vious research records and medical records,
In some cases, contact with the subject or
the family was made only after substantial
searching of public documents by a private in-
vestigator. T'wenty-nine subjects, 19 men and
10 women, fulfilled the study criteria, The
mean age of subjects at onset of LIS was
33.6 years (median 33.0, mnge 1-70 years),
The most common etiology of LIS was cere-
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brovascular disease (48%) followed by trauma
(34%) and hypotension (10%), with individ-
ual cases of viral encephalitis and vaccine re-
action. It is important to note that these di-
agnoses were made in the carly 1980s with
the diagnostic imaging tools available at that
time,

The caregiver (person identified as pri-
marily responsible for daily care) was con-
tacted by telephone. A structured interview
asked for information on medical complica.
tons after discharge, curcent functional sta-
tus, and data related to patient care, Specifi-
cally, questions assessed (1) date of onset and
etiology, (2) frequency and cause of hospi-
talizations within the previous year, (3) most
difficult problems for the subject and care-
giver, (4) present placement (home, nursing
home, hospital), (5) ability to verbally com.
municate, (@) limb movement, (7) method
of feeding, (8) bowel and bladder manage-
ment, (9) use of a communication device, (10)
sleep patterns, (11) mobility status, (12) vo-
cational and avocational activities, (13) evi-
dence of depression, (14) amount and type of
ancillary care, (15) amount and type of ther-
apy (eg, physical, occupational, or speech-
language therapy), (16) ability to leave the
patient alone during the day or night, and
(17) presence of tubes (indwelling catheter
or gastrostomy or tracheostomy), In addi-
tion, we collected qualitative data including
mood, ability to enjoy various activities, fam-
ily involvement, community activities, per-
ception of independence, and considerations
of euthanasia and resuscitation wishes, With
the exception of the one patient who wag
able to respond independently, these find-
ings were the opinion of caregivers, not the
paticnts, The updated rehabilitation hospi-
tal charts and previous research records of
the 29 subjects were reviewed for demo-
graphic, medical, and functional cata, Stan-
dard statistical parameters were caleulated
for the entire cohort, and a life-table analy-
sis was petformed on survival data. An ap-
proximate formula for the standard error of
the survival curve was used, as proposed by
Greenwood, '
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Table 1, The number of subjects alive and dead at each study period. Note that subjects may
have entered the study after a varying number of years of survival

Time frame Alive, n (%) Deceased Not available/fost
Study initiation 24 (88) 3 2
5 years 20 (69) 6 3
11 years 13 (4%) 15 1

RESULTS

Survival ranged from 2.02 years to more
than 25 years. Table 1 shows the survival
and follow-up data at each survey interval,
Twenty-seven patients in the original cohort
had follow-up information (whether dead or
alive) at Syear follow-up. Two who quali-
fied could not be found at that time, but
they were located through subsequent inves-
tigation, At 11year follow-up, three subjects
could not be located initially, but with exten-
sive searching, all but one subject was found.
Public information on that missing subject in-
dicated that the subject still had a home ad-
dress and was registered with Social Secu-
rity. Fourteen patients were still living at the
last follow-up. Phone contact was made di-
rectly with 1 subject (via computer) and with
12 caregivers.

Figure 1 shows the survival rates for the pa-
tients, demonstrating a 5-and 10-year survival
rate of 83%, and a 20-year survival rate of 40%.
Survivors trended to be younger at onset than
those who died (survivor mean 28.2 = 13.8
years, deceased subjects 38.1 4 17.1 years,

1 3 5 7 9 11131517 19 21 23 25
Yoarg post phsat

Tig 1. Survival curve for chronie locked-in syn-
drome.

= 103, P = 08), Women comprised 23%
of survivors and 47% of deceased subjects,
not statistically different (chi-square 095, P ==
75).

Causes of death for the 15 deceased sub-
jects included heart disease in 4; multisys-
tem failure in 2; and 1 each from pneumonia,
subsequent cerebrovascular infarct, respira-
tory faiture, internal bleeding, and aspiration/
asphyxiation. The cause of death was not
found for four subjects. Although all families
of the deceased indicated that there was con-
sideration of euthanasia at some point, there
was no indication that any of the deaths was
the result of euthanasia,

Ten subjects had not been hospitalized
within the previous year. The other three sub-
jects were admitted to a hospital on seven oc-
casions. Discharge diagnoses included renal
stones (1), deep venous thrombosis (1), decu-
bitus ulcer (2), pneumonia (1), wrinary teact
infection (1), and ceryical cancer (1),

Physical impaiements remained substantial,
as Table 2 demonstrates, Only a few subjects
evolvedt to the point where they could manip-
ulate an object. None of the survivors could
speak in sentences, and most could not speak
a single word consistently,

Substantial fnctional gains were made de-
spite the Jack of neurologic change. $ix sur-
vivors were involved in formal therapy at
follow-up, ranging from 5 hours of physical
therapy, occupational therapy, and speech-
language pathology treatment per week to 1
hour of speech therapy per week. Five were
receiving ongoing speech therapy, four bad
physical therapy, and three had occupational
therapy.,



Table 2. Physical impairment in LIS survivors
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Onset Study Iottiation 5 years 11 yeass
Available patients 27 27 18 13
Object manipulation
None 16 11 ) 3
Nonfunctional 10 6 0 2
Trigger switch 1 6 8 4
Point or type 0 4 1 2
Lift object 0 0 3 2
Oral communication
No sounds 2] 10 5 2
Involuntary ceies 4 7 8 6
Rare words 2 6 4 4
Single words 0 1 1 3
Sentences 0 1 0 0

Medical device use had declined, Table 3
indicates that there was a decreased use of
tracheostomies and feeding tabes over time,
and that most survivors cventually were able
to enjoy some oral food. Most no longer had
indwelling urinary catheters, With autonomic
functions intact, most were able to signal for
a urinal. The functional category “voluntary

Table 3. Activity in LIS survivors

with assist” for bowel and bladder manage-
ment reflects patients who signal to void or
defecate, Condom gatheters or diapers were
still used in many cases, but for carcgiver
convenience more than because of intrinsic
bladder failure. Similarly, despite the ability
to feel and somewhat control bowel move-
ments, a number of patients used a bowel

Onset Study Initiation 5 years 11 years

Available patients 27 27 18 135
Breathing

Lracheostomy 17 7 3 2
Nutrition

Nothing by mouth 18 7 4 1

Occasional treats 4 6 4 3

Completely oral 5 14 10 9

Gustrostomy in place 24 19 10 ¢
Urination

Foley catheter 9 5 5 2

Condom cath/dlaper 15 13 6 6

Yoluntary w/assist 3 6 7 5

Independent 0 0 0 0
Bowel movement

Incontinent 0 0 0 0

Bowel program, 27 23 14 10

Voluntary w/assist 0 1 4 3

Independent 0 0 0 0
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program, typically consisting of a suppository
every other day, in order to maintain conti-
nenee.

Most survivors (8) lived with families, 3
were in extended care facilities, and 1 each
in a state-run school and a hospital with pri-

ate nursing. Eleven of the 13 survivors leave
home more than once a month, Caregiver bur-
den was substantial. Four caregivers felt they
could leave their family member alone briefly
in the house, but none would leave more than
2 hours. Bight did not feel that they could
leave their relative alone in a room ar night.
Two survivors were legally competent, The le-
gal guardian was a mother for seven, spouse
for four, and the state for one.

Most patients continued to remain active
through eye and facial movements, Four used
computers consistently and two accessed the
Internet. Three each preferred letter boards
and facial movements for communication.
Two used limb movements to signal with a
Jetter board. Only 1 used vocalizations in com-
munication,

Avocational and vocational activities lsted
by these persons include the following: TV, ra-
dio, music, books on tape, visiting with family,
visit vacation home, e-mail, telephone, teach-
ing, movies, shows, the beach, bars, school,
and vocational training. One subject, an at-
torney, uses Morse code eye blinks with a
caregiver 1o interpret them so that he could
provide legal opinions and keep up with col-
leagues through fax and ¢-mall, Another helps
teach math and spelling to third graders using
a mouth stick to trigger an electronic voice de-
vice. A third reported greatly enjoying spend-
ing summer months in the north and win-
ter months on the Gulf coast. A fourth sent
a newspaper clipping describing him as the
strongest fan of his local college team. It in-
¢luded a picture of this individual surrounded
by team flags, shirts, and posters,

One personal newsletter is most illustra-
tive: “.is busy every day. In addition to all
[therapy] mentioned, he has to make time for
letter writing, relating, drinking (1.5 1/day),
eating, sleeping, and keeping up with all
the latest news and politics. ..is not just a

‘body’ being moved from here to there. He
has moads, ideas, communications. [the care-
giver] I'm here as a sort of ffifih wheel.” Every
year | am needed less and probably any obso-
lete even now. But that's OK., 1t’s really what
we've been working toward for 20 years.”

Subjectively, telephone interviewers were
impressed with the real and substantial social
interactions. Family members or caregivers
were eager Lo discuss the lives of the paticots
beyond the structured questions. From the
context as well as the content of the conver-
sations (eg, offering to mail pictures, stories,
cte.) it was apparent to the interviewers that
the patients were actively involved in family
and personal decisions, and that their pres-
ence was valued at home,

According to the reporting sources, seven
survivors were satisfied with life in general,
five were oceasionally depressed, and the
caregiver of one subject felt she could not de-
termine the mood. Seven had never consid-
ered or discussed euthanasia, six had consid-
ered it in the past, but not currently, and one
subject wished to die, None of the survivors
had a “do not resuscitate” order.

DISCUSSION

Published in 1820, Alexander Dumas's
novel, The Count of Monte Cristo, included
the first known desceiption of lockecd-in
syndrome,'” His character, Monsicur Noirtier
de Villefort, had an apoplectic event, and was
depicted as o “corpse with living eyes.” The
daughter established a communication sys-
tem by interpreting his ¢ye blinks as "yes ot
n0o."One hundred and fifty years later the med-
ical Jiterature first hinted that Dumas's char-
acter might be more than simply 4 metaphor
ical comparison to his Count “locked in” a
dungeon,'® Only a few years ago did the mod-
ern medical literature acknowledge that long-
term survival was possible.”

The current study examined the largest and
longest surviving population of persons with
118, Given the small amount of information on
severe disability, the current study may have
implications for information on persons with



high tetraplegia, persistent vegetative state,
and other coma-like states.??4.%5

Findings need to be interpreted in light of
a number of issues in this study, First of all,
the information in most cases is based on the
report of a caregiver. While survival figures
are certainly accurate as reported, caregivers
might over- or underreport functional abilities
in comparison to a clinical examination, Care-
givers’ report of guality of life or the patients’
feelings about death may be substantially Jif
ferent from the actual feelings of the patient.
It would have been impractical to have a
cligician visit each patient, as they are scat-
tered across the country.

It is possible that persons admitted to
the Rehabilitation Institute of Chicago in the
1980s were different from the population of
persons with LIS at large. They may have been
younger, or have had more resources and s0-
clal support thag persons who were sent to
smaller community rehabilitation facilities or
nursing homes. Only 14 of 29 were from the
Chicago area, for instance. In order to re-
flect the population for whom life care plans
are made, we selected only persons who had
survived for more than a year and who re-
mained locked-in after the year. Persons who
are locked-in for a shorter period of time are
probably more likely to either recover or die
of comorbidities.

The primary finding is that people with LIS
survive, The 10-year survival rate of 83% indi-
cates that early medical interventions should
not be temporizing in nature, Since the cur-
rent study includes persons detected up o
14 years after onset of symptoms, the actual
survival rate is probably less than 83%., Cer-
tainly some patients die, but others appear to
he medically stable—most of the current sur-
vivors have not been hospitalized within the
year. Survival data are important for a num-
ber of purposes. Medical and family decisions
regarding resuscitation status, discharge loca-
tion, and personal finances require some esti-
mate of survival. Accurate actuarial estimtes
can save insurance companies and litigants
substantial money while protecting the cov-
ered individual.!?
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Perhaps more surprising to those who do
not deal with these patients on a daily basis
is their social participation, With the help of
family and friends, these people lead mean-
ingful lives: It is unfortunate that the subject
population was too geographically spread out
for the investigators to personally and pri-
vately ask important ethical questions. Ger-
tainly there may be discrepancies between
the wishes of persons with high tewraplegia
and their caregivers, Hall et al used more di-
rect input-—telephone surveys, personal in-
terviews andd only occasional mail sucveys—
with long term survivors of C1-C4 spinal cord
injuries, and found that 95% were “glad to be
alive™ As best as the current methodology al-
lows, the data demonstrate that almost all of
the patients chose to continue living despite
severe limitations,

While the right of individuals to withdraw
from treatment is not questioned, Hall's work
and the current study call into question the as-
sumption among some health care providers
and policy makers that severe disability is
intolerable, This prejudice is not inconse-
quential. Biased clinicians provide less aggres-
sive medical treatment and/or influence fam-
ily and friends (in ways not appropriate to the
situation).

The medical rehabilitation of persops with
LIS is complex and atypical, With medical sta-
bility comes the opportunity for more free-
dom in basic care. Partial independence in
bowel and bladder management can be tried
as soon as communication is established. Oral
feeding can be successful for many—even if
just for the entertainment value of tasting fa-
vorite foods. Whether this progress is related
10 slow neurologic improvement or increised
experience and risk taking of the caregivers
is speculation, but it is clear that care can
be simplified over time; tracheostomy and
gastrostomy tubes may be removed in many
cases,

With simplification of care, most of the pa-
tients can be discharged to live with fam-
ily. The effort and support necessary to keep
them independent in the community is sub-
stantial and is a major focus of the 5-year
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follow-up report on this population.’? Com-
pared with institutionalization, home care
with family is much less costly, but it requires
creative solutions not often covered by tra-
ditional insurance, Architectural changes and
special equipment may not be covered by
the insurance, but when they are paid, the
person’s ability to stay at home is greatly
enhanced. Caregiver burden is substantial
and stressful, A wise home discharge plan
typically includes respite care, oversight by
a professional, and emotional counscling for
family members to continue their work in
the long term. The cost savings of deinstitu-
tionalization and the social benefit for the pa-
tient are substantial, but these are not possi-
ble without physical, financial, and emotional
support for the families and flexibility on the
part of payers.

Oral  communiciation improvements  are
best attributed to neurologic change. Most pa-
tients are still essentially nonverbal. During
tasks where computer connections are im-
practical, such as bathing and dressing, pa-
tients use simple eye gaze or facial communi-
cation systems, ranging from “eyes up means
yes” to Wu's A-BL-O-U system *

During the 1980s when the cohort under-
went rehabilitation, there was very little ac-
cess to computers, and the Internet did not
exist for private individuals, It is not surpris-
ing that only four of them use computers for
communication, and that only two are Inter-
net connected, One of these four was able to
complete the telephone interview by himself
using a computer and voice synthesizer.

Computers can drastically change the lives
of people with LIS, Instead of passively re-
sponding to the requests of others, the pa-
tients can initiate conversations and initiate
new topics, They can prepare detailed mes-
sages for caregivers who do not have time
for lengthy guessing games. On the Internet,
persons with LIS are arguably no more hand-
icapped than their caregivers. Except in chat
rooms, the time frame for responding to an
e-mail is long enough to accommuodate slow
typing of a person with LIS, The rise in the
Internet as a preferred means of communica-

tion for much of the able-bodied world, and
the integration of Internet and traditional tele-
phone services isa kind of “universal design.”
One can predict substantial new uses for peo-
ple with LIS,

Experts in rehabilitation engineering and
speech-anguage  pathology devise various
patient-computer interfaces such as infrared
eye movement sensors,>"* Voice simulation
programs can provide them with an oral per-
sonality. Unfortunately the cost of the com-
puter interface is often substantial, and in-
surance companies that routinely pay for
prosthetic limbs seldom approve prosthetic
voices. The inequity might be convenient 1o
the payers, who presume that the person us-
ing an artificial communication systern will
die in 2 short time frame. The current popula-
tion shows that the payer's obligation is more
long term.

The population chosen for this study—
persons who remained lockeddn for more
than a year--comprise what some might
consider a worst case scenario. But these
persons had the fortune or resources to be
admitted to a world-class rehabilitation facil-
ity. They underwent expert rehabilitation in-
cluding medical stabilization, simplification
of nursing care, appropriate techniques in
activities of daily living, efficacious assistive
and mobility devices, detailed education and
counseling, and coordinated discharge plan-
ning. It is probable that older, more medically
unstable, poorer, less socially supported, or
less resourceful persons did not receive sach
high-qquality care.

The World Health Organization's revised
“International Classification. of Impairment,
Disease, and Handicap'®® defines these as-
pects of health as quite sepagate—disease, im-
pairment, activity, participation, and life sat-
isfaction. The LIS cohort demonsteates quite
concretely that disease and impairment do not
necessarily equate with quality of life.

The results of this study may run contrary
to the feelings of many health care providers.
Superficially involved for the short term when
the patient is at his or her worst, fragile
in our own steuggles with quality of life,



clinicians often comfortably assume that these
persons will die anyway, or would choose
to die if they only knew what the clinicians
knew. As a result, debates about cost, quak
ity of life, euthanasia, and so forth often go
on with prejudice—and without the input of
the patient,® Clinicians may not appreciate
that quality of life often equates with social,
rather than physical interaction, and that the
will to live is strong. It is not surprising that
many people with disabilities feel their physi-
clans will be too quick to help them with
cuthanasia.? The data in this study suggest that
medical treatment for persons with LIS should
be as aggressive as it would be for other peo-
ple with diseases with potential survival of a
decade or more,

For survivors, this research offers realistic
hope for reasonable quality of life. The cur-
rent study, along with the previous 2 studies
on the same population, offers them and their
families a roadmap toward improved func-
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