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A Cuban Perspective on Management of Persistent Vegetative State

Calixto Machado MD PhD DrSc FAAN, Mario Estévez MD PhD, Rafael Rodriguez PhD, Jesus Pérez-Nellar MD PhD,
Joel Gutiérrez MD PhD, Maylén Carballo PhD, Ana Olivares PhD, Marcia Fleitas RN, Alejandro Pando MD, Carlos Beltran

ABSTRACT

The Cuban G roup for Study of D sorders of Conscusness b
deve bp ng severulresearch protocok to search forpossble pres-
ervaton of resdual bran and autonom ic functons h cases of
persstentvegetotive and m nim ally conscus stutes. W e present
exam p s show ng the im portunce of3D anatom ic reconstructon
ofbrui structures and M R | tuctogruphy forassessing white m at
terconnectivity. W e ako presentresulis ofuse ofproton m agnetic
resonance spectroscopy technigue o folow up cognitive recovery
h persktent vegetntive stute patents trunsitoning o m nimally
conscibus stute. W e have dem onstruted recogn iton ofa m others
voice w ih em otonalcontentaferzopdem adm nstuton, hdicat
ng high-kevel resdual lhguistic processing and brun activaton
despite the patents apparentnability o com m unicate.Hence we
differw ith curentth nking that, by definiton, sub pcts n persistent
vegetntive stute are sobted from the outside world and cannot
experience pai and suferng.W e ako consider ‘vegetontive stute”
a pe prutive ©m thatshould be repliced.

KEYWORDS Persistent vegetotive stute, m nim ally conscious
stute, conscousness diorders, m agnetic resonance i agig,
e kctroencepha bgruphy, heartrute varib ility

INTRODUCTION

The fam ous case ofTheresa M arie Schiavo ruised new conto-
versies regarding end-oflife decisions for patents n persistent
vegetntive stute PVS), stiring a contentous public debate, and
pitthg hersblings and parents agansther spouse over conthu-
ing the use ofa feeding wbe to keep heralive.The debate dom
nated US natonaldiscourse and was carried outby the media,
the courts, the Florida kegishture, the Forida G ovemor, the US
Congress, even reaching the Presidentof United Stotes. Her
case and those ofothers receiving w ide m ed o attenton- hcld-
ng Karen Ann Quiln and Nancy Cruzan h the Unied Stotes
and Tony B land i the UK- have obliged neurobgists and other
neuroscientists to propose reliabk diagnostic guide lnes for est
ng bruin functon n alered stotes of conscusness. In fact,
m anagem entofPVS and m nim ally conscious stute M CS)cases
is one ofthe m ostdifficultm edical, ethicaland socialdilem m as
faced by m ediche today.[1]

Theterm PVS was coiedbyJennettand P um i 1972 to descrbe
wakefulpatients w ith apparent bss ofawareness,2]w ith hom e
heath care providers and fum iy cannot estublish any diect
com m unicaton. Hence, by definiton, subjpcts n PVS, with no
recogn izabk behaviorul responses to extenal stin uli, are con-
sidered kolited from the outside world.From this observers have
nferred- wrongly, n ouropinion- thatthese patentes therefore
cannotexperience pai orsuffering.3]

PVS i a conditon in which a patientw ith preserved skep-w ake
cycks, respiuton, d igeston and them oregu laton has an appar-
entlss ofawareness ofse Ifand the envionm ent A fier35 years,
The European Task Force on D sorders of Consciousness pro-
posed a new ®m forthis syndrom e- unresponsive wakefulness

syndrome UW S) avoiding the deprecatory tm vegetative
state.[ATW e fully agree with this proposal: the associaton w ith
plntlife s too vivid ih both Spanish and English nott have a
pe prative connototion, as any physician can atestwho has had
expln PVS to patents’fam ily m em bers.5-12]

G incho etal. firstsuggested the rm m hin ally conscious stute,
proposing that“o m ake the diagnosis ofM CS, lin ited butclearly
discemble evidence of self or envionm entnl awareness m ust
be dem onstuted on a reproducb ke orsustuined basis."[13]W e
subm itted a response ® that paper, proposing the use of the
©m minimally aware state nstead of minimally conscious state,
because the wo com ponents of conscibusness are arousaland
awareness, and the m ain diference beween PVS and M CS b a
partalrecovery ofawareness.[1]

W e heartily supportthe efortto find m ore appropriote tm s ©
descrbe patents w ith disorders ofconsciousness.[4,14-18]W e
ako are aware ofthe need forchange n the tm nolbgy ofnon-
English-speaking societes, © avoid pejprutive medical ©m s.
[11] However, ih this paperwe willconthue © referto PVS and
M CS,given thatconsensus on new tm nolbgy has notyetbeen
reached.

The Cuban G roup for study of D sorders of Consciousness &
deve bping severul research protocok © search for preserved
resdualbruin and autonom ic functions n PVS and M CS cases.
W e have shown recogniton ofa mothers voice with an em o-
tonalcontent indicatng high-kvelresidual lhguistic processing
and bron activaton- aferzobidem adm histaton, i spite ofthe
patents apparent nability o com m unicate.5-12]

In this paperwe willrefute the conceptthat, by definiton, persons
n PVS with no recognizablk behaviorul responses o extmal
stin uliare ko kited from the outside world.

ANATOMICAL AND FUNCTIONAL CONNECTIVITY IN PVS

According o Knney etal,PVS denots a “lbcked-out’syndrom e
because “he cerebrul cortex s disconnected from the extemal
world and allawareness of the exemalworld i bst”[19] They
suggestthat bss ofawareness n PVS & caused by three man
pattems:w idespread and bibteral ksions ofthe cerebrulcortex,
diffuse dam age of ntu-and subcortical connectons n the cere-
brulhem ispheres’white m ater, and necrosis ofthe thalkim us. In
m any PVS patents, the ksionsare am k ofthe above-m entoned
neuropatho bgic findings.[11,19]

Hence, detnilkd description of ksion location in these cases
is critical. M agnetic resonance imaging MR ) is the most
powerful ol for exam ining neuropatholbgical kesions in PVS
patents.[11]

W e are running protocols © evaluate neuropathobgy n PVS and
M CS cases, studying patentsushg TIMR Iwith 1 mm slices and
3D reconstucton ofbruin inages.[1,6,7,10,11,20]This m ethod
alows detnikd visualzaton ofpatholgical ksions Figure 1).
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Figure 1: 3D Anatomical reconstruction of brainstems of normal
subject and a PVS patient

Normal subject PVS patient
3D anatomical reconstruction with T1 MRI shows massive
destruction of the upper brainstem in a PVS patient.

Anatomical connectivity It is widely accepted that nom al
brain function depends on activity synchronizaton w ithin dis-
trbuted bruin networks and that disruption of those sets of
connections may explin brain dysfunction.21,22] M agnetic
resonance diffusion nsor in aging allows assessm entofbruin
whie m atteranatom ic connectivity (tractogruphy) o charucter—
ize specfific white m atter lesions such as atophy and diffuse
axonal injury. The direction of water diffusion in m yelnated
fibers m atches the directon ofwhite m ater tucts w ithin the
bruin. Hence, the diflusion constuntand fructional anisotropy
are related o the density, diam eterand geom etry ofm ye lnated
fibers.[10,23]W e are using this chnique  assess anatom i
cal connectivity in PVS and M CS patents.[11]This is crucial
forexpliining and understunding the pathophysiology of con-
sciousness disturbances in these cases.

W e used fructonalanisotropy © assess a 15-year-old girlw ith
sickle cell disease who devebped i portunt cognitive i pai—
mentdue o multple stokes and had been diagnosed as in
PVS . Nonethekss, when she was lkter adm ited o the Neu-
rology and Neurosurgery Institute with hconsistentbutclearly
dem onstrublk behaviorul evidence of awareness, we changed
ourdiagnosis o M CS .Fructonalanisotropy in com b haton w ith
MR 1 showed preservaton of anatom ical connectivity am ong
posteriorbruin regions,which were also connected w ith rem ain-
ing fontolcorex islkainds.These rem aihing corticalregions were
ako connected w ith the thalim i.W e concluded thatwhite mat
erconnectivity am ong posterorand fronto | corticalregions and
the thalam iand cerebrulblood flow preservaton i the cortical
areas may explin recovery of m nimum awareness despite
sizeable anatom icalbruin lkesions.[10]A possbl axonal rew i~
ing m echanism could expliin bt recovery in these cases, as
reported by otherauthors.[10,23]

W e have descrbed womain pattems ofwhie m aterdisruption
n PVS cases. In diffuse ksions, such as postunoxic encepha-
bpathy, rem aihing tucts surmound the dilted ventrickes F igure
2).In focallesions, such as ntucerebrulhem orrhage, M R | tuc-
tgruphy shows focal tuctdisruption, resem bling scissor cuts,
as arrow ndicates in Figure 3.[11]

PROTON MAGNETIC RESONANCE SPECTROSCOPY IN
PERSISTENT VEGETATIVE AND MINIMALLY CONSCIOUS
STATES

Proton m agnetic resonance spectroscopy (IH-MRS) is a power-
fultoo |1 assess biochem icalchanges in vivo h nervous system

Figure 2: MRI T1 images and MRI tractography in a PVS patient with
postanoxic encephalopathy after near drowning

MRI T1 image (left) shows dilated ventricles and hydrocephalus
in a PVS case. MRI tractography (right) shows white matter tracts
surrounding the dilated ventricles.

(available in color online at http://www.medicc.org/mediccreview/
machado.html)

Figure 3: MRI T1 images and MRI tractography in PVS patient with
intracerebral hemorrhage

RIGHT

MRI T1 image (left) shows focal lesions (arrow) in right parietal
hemisphere, due to intracerebral hemorrhage (blood already
reabsorbed). MRI tractography (right) shows focal white local tract
disruption, resembling scissor cuts.

(available in color online at http://www.medicc.org/mediccreview/
machado.html)

diseases. N-acetyl asparute (NAA) content quantfies neuronal
ntegrity, whilk cholihe concentuton reflects m em brane wmover
and creathe s relted o energy dependentsystem s.A decrease
in NAA concentrution s a sign ofneuronal bss ordysfuncton .[1]

W e recently descrbed m etobolic changes assessed by MRS n
wo patents who evoled from PVS o MCS and wo others who
rem ained nPVS .[10]W e be lieve the m ostim portantfinding n our
studies was an ncreased NAA creatine rato n the cortex in both
cases oftunsiton from PVS © M CS,whik the pairwho rem aned
in PVS showed bwervalues ofthis MRS measure.Hence, MRS
m ay provide a usefulneurobio bgicalm arkerto folow up cognitve
recovery in PVS patents tansitoning o M CS .[1,10]
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RECOGNITION OF MOTHER’S VOICE WITH AN EMO-
TIONAL CONTENT IN A PVS PATIENT

0 ne crucialqueston k& whetherornotpatents n PVS can recog-
nize reltves’voices. W e are running protocok o assess if there
s signficantdiferentalbron activaton in response © a m others
voice, com pared w ith thatwhen voices of unknown wom en are
presented (sham voices).W e recently reported experience w ith an
eightyearold boy who afera neardrowning rem ained n PVS for
four years before the study. W e nvestgated whether there was
signficantdiferental bruih activaton n response © hearing his
m others vs.a sham voice, using quantiotive e kectric tom ogruphy,
which com bnes anatom ical nform aton aboutthe bran from MR |
with EEG pattems to estin ate sources ofbran activaton.W e found
EEG activaton ndicathg high-kve lresiduallngu stic processing n
ths patentm eethg clinicalcriteria orPVS .[1,12]

W e ako assessed autonom ic responses © mothers voice as
ndicated by heart e varibilty HRV), applying tim e-~varying
spectrulanalyss © sequentialseries of electocardiogram R-R
ntervak.W e found thatduring the sham voice experim entalcond -
ton there was a signficantincrease n the HRV very bw frequency
(VLF)band and a sign ficantdecrease n the HRV high frequency
HF) band, ndicatng sym pathetic triggering and a reducton of
parusym pathetic activity. Nonethe ess, during the m others voice
conditon, an ncrease n the VLF band was observed, com bned
with a signficantrecovery of the HF band, revealing both sym -
pathetic and parasym pathetic activaton. This can be explined
on the bask thatthe sham voice nduces an arousalcharucter-
ized by sym pathetic activaton, while the m others voice nduced
arousal, charucterized by both sym pathetic and parusym pathetic
activity, probably related to a positive em otonal reacton during
this experin entalconditon.[5]

PHARMACOLOGICAL INTERVENTION WITH ZOLPIDEM
IN PVS CASES

Mokcubirand neurnlm edintors m ay indirectly he p to enhance the
phenom enon known as neural synaptic p bsticity.24-26]Hence,
severu | specfic pham acobgic approaches to assstng bruh func-
ton recovery i these cases have been nvestgated.27-29]

Severulreports have been published overrecentyears aboutthe
paruadoxicalarousaleffectofzobidem trtute, a highly selectve
nonbenzodiazepne gamma am nobutyric acid agonist, which
acts as a sedatve n nom al subpcts.[30-35]This astonishing
efectwas firstdescrbed by C lnuss etal. as an accidentn | dis-
covery:aferzobidem adm nistaton i a patentwho had been n
PVS form ore than three years follow ng a m otorvehicke crush, he
aw oke and could recogn ize and greethis m otherforthe firsttin e
sihce his njury.[36]

C louss’s reportled severulauthors o explore zobidem s effects
in patentswith PVS,MCS, ischem ic stroke, brain injury, hypoxic
encephabpathy and other neurologicaldisorders, using neuro-
in aging ®chniques © assess brain function.27-35]A num ber
of authors have subsequently descrbed tunsientbutdrom at
ic mprovement n mobr and knguage sttus in some PVS
patents, som e ofwhom even recovered a degree ofspontune-
ous m ovem entand were abl © wak.27-29]Severulofthese
clinical m provem ents have been correlated with in provem ent
in metmbolic and electrical bruin functon. Brefe KC ourbon etal.
used positron em ission tom ogruphy to assess a patentw ith

hypoxic encephalbpathy n PVS and dem onstuted a m arked
ncrem entin anteriorforebrain m etobolism w ith zopidem adm in-
stration .[35]

W e recently reported a PVS case n which marked behaviorul
signs ofgenerularousalwere observed, associated w ith sign ffi-
cantautonom ic, EEG and funcionalM R | activaton afer adm n-
istaton ofa singlk 10-m g dose ofzobidem .5,6]W e studied a
fem ak patent (Y0 R.) aged 21 years with basikr arery syn-
drom e secondary to a stroke,who had been n PVS forfive years.
MR Irevea ked destruction ofthe rostrulpons, the m esencephalon
and both thalim i.Y.0 R .showed cicadian wakefu hess, athough
she kepthereyes clbsed m ostofthe tine.W ith writen inform ed
consentfrom her parents, 10-m g ofzopidem was adm nistered
via percutuneous endoscop ic gastrostom y.[6]JAferadm i staton
ofzopidem ,Y.0 R .began o open and cbse hereyes, conthuing
 do so forsome 15-20 m nutes until her eyes rem ained open
from m nute 25 o m nute 46.She yawned spontuneously atm n-
utes 27,28,29,31,37 and 39.

In ths case, the relntive powerspectuldensity PSD ) i the de 'l
band constiuted 89-96% oftotnIpow erdensity forthe EEG spectu
i te diferentEEG kads and m ean frequency was 134 Hz.0 ver
higher frequency ranges (thetn, abpha and betn), EEG activity was
negligb ke, so quantiotive analysis focused on possb ke changes n
the bwerEEG frequencies (0.146-2 Hz).D urig the postzo bidem

period, som e m oduliton was observed n delo wave am pliude
and m orpho bgy, cohciding w ith spontuneous eye m ovem ents and
yaw nng, butquantitntive analysis did notrevealstutistica lly sign fi-
cantdiferences com pared t the conto|[EEG .Postyawnng aver-
aged EEG spectru showed a signficant (p < 0.05) hcrem entof
dela PSD, considered n nom alized unis ¢% ) h allEEG kads, in
com parison w ith the pre-yawning EEG segm ents ofthe sam e duru-
ton 040 96 seconds, and a cormresponding recprocal signficant
decrease ofPSD ofEEG activiy h the nfusbw EEG frequency
band in postyawning averuged spectr.

Zopidem s eflecton autonom ic functon was ako assessed by
exam hing HRV. Dynam ics of bw frequency (LF), HF and VLF
bands considerhg nom alized unis (% ) showed a signficant
ncrem ent( < 0.05)from m hutes 6 16 n HF powerand a corre-
spond ing recprocalreducton n LF band power.S in ilirchanges
were observed from m hutes 20 o 23, 28 © 30, 53 54, and
finally fom 58 © 60. From m hutes 24 t 27, a reversal of the
previously descrbed situaton was observed, charucterized by
ncreased power n the LF band w ith recprocal reducton n the
HF band.Thi patem reappeared from m hutes 37 o 43.Power
values i the VLF band m arked ly hncreased its contro lva ues from

m nutes 25 o 35, and kter, athough notas a peak, rem ained
signficantly ncreased untlm nute 47.

Autonom icdynam icsaferzobidem inpatentY 0 R . asdescrbed
earler, ckearly showed periods ofboth parusym pathetic and sym -
pathetic cardiovasculir predom nance. M ost nterestngly, sym -
pathetic cardbvascu lir predom nance coincided w ith yawns and
behaviorulsigns ofarousal.

A though this was only a sihglk case report, our findings show -
ng a ckarreltonshp beween behavorulsigns ofarousaland
specfic changes in autonom ic cardiovasculir reguloton, as well
asam nimalbutsignficantshiftto higherEEG frequencies, dem -
onstute the m portance ofassessig bruin-heartconnectons n
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explkining the parudoxical efectofzopidem in PVS and MCS
patents.

MRI BOLD SIGNAL FOR ASSESSING BRAIN METABOLIC
CHANGES AFTER ADMINISTRATION OF ZOLPIDEM IN

A PVS PATIENT

FunctonaIM R Ibased on b lbod oxygen lkeve kdependent®0 LD )
signal s relbted © a variety of physiolgical param eters as
wellas cerebrulblbod flow .M agnitude ofB0O LD change due
elvated neuronalactivity is determ ined by decreased suscepti-
bility effects resultng from local hcreases in oxygenated hem o-
gbbin.[37]

W e ako studied patentY.0 R .using TH-MRS and BOLD signal,
before and aferzopidem adm nstuton.S ignficanty ncreased
BOLD signak were bcalzed n the kftfrontnl superior corex,
biotral chgulte areas, keft thalkm us and right head of the
caudate nuckus. Trunsientactivaton was observed n the fron-
| cortex, com prising portons ofanterior cngulite, m edial and
orb io-fronta | cortices. Additonally, we found m arked pham aco-
bgicalactivaton n the sensory-m otor cortex one houraferzol
pidem ntoke.Stotstically signficant lnear core latons ofB0 LD
signalchanges were found w ith prin ary concentrutons ofgluto-
mat n the rghtfrontulcorex. W e hypothesized thatwhen zo
pidem atmches  neurodom antcells’m od fied G ABA receptors,
dom ancy & sw itthed off, nducing broh activaton. This m ight
expln the signficantcorre latons ofBO LD signalchanges and
TH-MRS metwbolies n ourpatent W e concluded thatTH-MRS
and BO LD signalassessm entm ay he b study neurovascularcou-

plng n PVS cases afer zobidem adm nistuton. A lhough this
was a shglke case report ourobservatons kd us © recom m end
app lying these m ethods n a series ofPVS and M CS patents.[5]

CONCLUSIONS

D eve bpm entof nterventons for teatm entand rehabilitoton of
patents w ith disorders ofconsciousness & a crucialchalenge for
currentand future generutons of neuroscientists. The m anage-
mentofPVS patents i an extrem ely difficult usk for re lntives
and society n generul, and these cases are usually considered
hopekss. A lthough current teat ents prom otng recovery n
such cases are extroord narily lin ited, our findings suggestnew
m edical, ethical and pructical im plicatons for the diagnosis and
m anagem entofPVS patents.

0 ur observatons have kd us o difer with the cument concept
that, by definiton, patents n PVS w ith no recognizab ke behavioral
responses to extemalstimuliare sohkted fom the outside world.
W e have research underway t address the assum pton thatthey
cannottherefore experience pan orsufering.

The Cuban G roup forStudy ofD sorders ofConsciousness is now
running a tria [0 assess the dynam ics ofclinical, behaviorul, auto-
nom ic and othervitIphysiobgicalindices aferadm nistuton of
shgk 10-m g doses ofzopidem ih a group ofPVS patents.This
nvestigaton willalbw us to determ he which patents respond
favorubly o zobidem adm nistoton.S i ikirtrink w ill be deve -
oped i the nearfuture w ith otherdrugs thatm ay ndiecty con-
trbute o restoring bruin function n patents w ith such disorders
ofconsciousness. A
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