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ANNALS OF MEDICINE

THE DEEPEST CUT

How can someondive with only half a brain?
by ChristineKenneally

t nine oOcloclon July 28th lastyear, Wendy Nissleycarriedher two-year-old

daughter Lacy, into O.R. 12 at JohnsHopkins Hospitalto havehalf of her
brainremoved.Lacy suffersfrom a rare malformationof the brain, known as
hemimegalencephalyn which one hemispheragrows largerthanthe other. The
conditioncausesseizuresand Lacy was having so manyNup to forty in a dayNthat,
at an agewhen othertoddlerswere trying out sentencesshecould produceonly a
few languagelike sounds As long asLacyOsnalformedright hemispheravas
attachedo the restof herbrain, it would preventherleft hemispherdrom
functioningnormally. So LacyOgarentshad broughtherto JohnsHopkinsfor a
hemispherectomywhich is probablythe mostradical procedureén neurosurgery.

Wendylaid her daughteron the operatingtable. Becausd.acy was so small, it
took the anesthesiologistimostninety minutesto insert herintravenoudines.
GeorgeJallo, the attendingneurosurgeonspenta long time arrangingher headon
gel paddingand then drew OCuthereGmarkingson her shavedscalp. The rest of
LacyOsead,including her face,was coveredwith a sterile drape.Jallo madeone
long cut acrosshe top of her headfrom the front to the back,and anotherat right
anglesto the first, which startedmidway alongit and stoppedust in front of herright ear.He folded backthe scalpand
madesmall holesin her skull with a powerdrill, outlining a roughsemicircle.Thenhe usedthe drill to connectthe dots
andremoveda portion of the skull. He cut anotherT in the dura,a thin, leatherymembranecoveringthe brain. Gently,
he peeledbacktwo largeflaps.

By half pastone,Jallo and a residenthad alreadyremovedthe right frontal lobe. David Lieberman,the pediatric
neurologistwho had examinedLacy when shefirst cameto JohnsHopkins,looked on, shakinghis headin wonderment.
OltOso open, e said, turning to me. ONormallywith brain surgery,you makea hole aboutthis bigONhecurledhis
thumbandindex finger into a circle.

After removingthe frontal lobe, Jallo embarkedon the parietallobe. In casecomplicationsput a suddenstopto the
surgery,it wasimportantto take out the seizurehot spotsfirst, graduallyworking throughthe hemispheren descending
orderof priority: afterthe parietallobe would comea small sectionof the occipital lobe, thenthe temporallobe, thenthe
restof the occipital. Finally, Jallo would cut the corpuscallosum,the bundle of fibres thatconnectthe two hemispheres
of the brain. The surgeonslowly workedaroundeachside of the parietallobe, makingtiny pinchesin the brainwith
electric cauterizingforceps.Therewasa slight smell of burningin the bright, noisy operatingroom. As the cut became
deeperandwider, the tissueon eitherside brownedand blackenedandthe lobe startedto move backandforth. At the
bottom of the parietalwedge,the cleanwhite of nervefibreswasvisible; asthe lobe wasseveredthey cameapartlike
string cheeseA surgicaltechnicianbenttowardJallo with a small plasticbowl in his hands.Jallo pickedthe lobe out of
the skullNit wasthe sizeof an infantOdistNand droppedit into the container.

As sheled me out of the O.R., EileenVining, the attendingneurologist,said, ODidyou seehow rigid it was? Normal
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brainsagsin your hands.&ining talked quickly, moving from one complicatedideato the next, punctuatingeachwith
00.K?0and an expectannod. Shehad beenin and out of the operatingroom all morning,and now shewasoff to find
the Nissleysandtell themhow Lacy wasdoing.

Four hourslater, Vining took me backinto the O.R. LacyOsight hemispheravasgone,and her craniumlooked like a
wide, unevenbowl. | could seethe deepcavity wherethe frontal and parietallobeshad been,and the white-pink color
inside the baseof the skull. In the middle of the remainingbrain wasa shallowmoundwhereJallo hadleft a layer of
nervefibresto protectthe ventricle,a fluid-filled pocketthatcushionshe brainandthe spinalcord. The white matter
therewasnow gray-black. Jallo and his residentlightly touchedtheir forcepsto it, andthe cauterizerdizzed, sealingthe
brain to preventmicrohnemorrhageddemorrhagings a constantconcernin brain surgery,and at one pointin the operation
Jallo decidedto leavein a small pieceof the right occipital lobe which threatenedo bleeddangerouslyJallo glancedat
Vining and Lieberman,andthe doctorsstretchedorward to look at the severedcorpuscallosum.Overand over, the
surgicaltechnicianpouredin saline,and Jallo and his residentdrewit out againwith a loud suctionpump.

When he hadfinished removingbraintissue,Jallo tippedin small packetsof Surgicel,a featherywhite substancehat
helpsbloodto clot. It meltedontothe surfaceof the brain. OThawasgood. Therewasnot a lot of bleeding,&ining said.
OYouneverknow what you are going to get until you openit up. Sometimesyou just go in thereand you hold your
breathand pray.O

In the final hour, Jallo suturedLacyOslura, which had shrunkslightly from dehydrationandfilled the right side of
her headwith saline.The technicianthen broughtthe missingsectionof the skull backto Jallo, carryingit in a wide right
angleover surgicalcartsratherthanrisk movingit overthe floor. Jallo reattachedt, usingfour tiny dissolvableplates
madeof a sugarlikesubstancelHe then closedthe scalpincision with a staplegun, leaving seventyeightaluminum
staplesin LacyOskin. The hemispherectompad takennine hours.The residentbandaged.acyOsead,gently turnedher
onto herright side, and stucka pieceof tapeon her headthat said OThisside up.O

first metthe NissleysthreemonthsbeforeLacyOsurgery,at their homein Palmyra,PennsylvaniaAs | droveup, |

could seeLacyOsather, Mike, danglinga leg overthe edgeof the front porch.He looked like a surfer, with a goatee
beardand gold-lens Oakleyspushedback on his head Wendy saton a chair nearthe front door, and LacyOgour-year-old
sister, Lily, flitted aroundthe adults.Lacy, blond like her mother, lay acrosswendyOtap. OShéhad a seizurejust before
you got here,so sheOsleepingnow,OWendy said. They invited me inside.

Lacy had herfirst seizureon October13, 2003,whenshewasfour and a half monthsold. Wendy had beendoing
laundry, and when sheturnedaroundshesawthat LacyOdips were blue and that shewasshaking.Shecalled 911, but by
the time the ambulancearrivedthe seizureshad ended.n the following month,the family wentto the hospitalmany
times, but, on eachoccasionpy the time they got therethe spell had endedand theredidnOseemto be anythingwrong.
The doctorstook an MRI but sawnothingunexpectedand they suggestedhat Lacy might haveacid reflux or sleep
apnea,or could evenbe doingit on purpose put of anger.OButshewasnOangry, Mike said. OShavassitting there
happy,andall of a sudderit hit herlike a train.OOne doctorput her on phenobarbitalincreasingthe doseeachtime there
wasanotherseizure.Oltmadeherlethargic,like shewasdrunk,OWendy said. ThatNovember,Lacy had a terrible attack.
OHerarmwent up in the air, OMike said, throwing his left arm straightup, stiff. OHerlips went blue. Shewas having
themin a row.OBYy the time the ambulancecame,the seizureshad subsidedput the attendantsdvisedthe Nissleysto get
in their car andtake Lacy to JohnsHopkinsanyway. The drive took two hours,and,just asMike and Wendywalked over
to the triagenurse,Lacy begananotherclusterof seizuresThe nursesaid, OWeOwgot to get you a room.O

At JohnsHopkins,David LiebermanorderedanotherMRI. The scanseemedormal, and after a week of further
testingLacy wassenthomewithout a cleardiagnosis.Lieberman,in consultationwith EileenVining andthe Johns
Hopkins epilepsygroup, tried to control the convulsionswith medication.Lacy wasweanedoff the phenobarbitabnd put
on Dilantin and Ativan. They tried Diastat, Topamax,and, later, Tegretoland Keppra.But the seizurescontinued When
they hit, Mike and Wendywould lay Lacy on the floor andtalk to her. OEverycoupleof minutes,shewould moanand
groanlike sheOm pain,OWendytold me. Mike nodded O TheysaidthatseizuresdonOhurt,Ghe said. OldonOknow that |
believethat.OAs we spoke,Lacy satup a few times and turnedto look at me. When| wavedand said, OHi,&hesaid,
OBa.Qwice, shesmiled; onceshelooked completelyterrified. Eachtime, sheturnedher shakyheadtowardher mother
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and nestleddown.

In April, 2004, Lacy returnedto JohnsHopkinsfor four daysof continuousEEG monitoring,and againin November
for anotheMRI. The scanshowedthatshehad an enlargedright hemisphereThe bulge on the right madethe midline
betweerthe two lobesbow slightly towardthe smallerside, andtherewasa strangefogginesson the right side of the
scan,whereaghe left wasclear.Liebermantold the NissleysabouthemimegalencephalfpWehad a diagnosisfinally,
andwe were happywith that,OMike said. OltOsot sleepapnealtOsot acid reflux. It is somethingWe didnOknow if
shewasgoingto die.ODianaPillas, who cosrdinatescounsellingat the JohnsHopkins epilepsycenter told Mike and
Wendy aboutvariouspossibletreatmentsThey could try a ketogenicdietNwhich is ninety per centfat and hasbeen
shownto stop convulsionsin somechildrenNbut Lacy would be restrictedto a specialliquid formulafor two years.She
alsotold themabouthemispherectomie®IcouldnObelieveit. | didnOknow peoplecould do thatand be alive,OMike
said. OThdirst questionl hadwasOWellwhat do they putin there?OO

After the initial shock,Mike and Wendy decidedthatthe surgerywasthe bestoption. LacyOseizureshad hindered
her developmento the point whereshecouldnOwalk unlessshewasholding someoneGsand,and shehadnOtearned
how to chew. The seizureswvere alsobecomingmorefrequent,and they knew that childrenwith her conditiontendedto
live much shorterlives thantheir peers.The Nissleyswere concernedaboutthe costs,though.Mike workedasa butcher
at a local supermarketand Wendy,a doctorOseceptionisthad had to quit working in orderto look after Lacy; no day-
careprogramwould take her. JohnsHopkins put themin touchwith anotherfamily whosechild had hadthe procedure,
andwho told the Nissleysaboutthe financial aid thatwasavailable.Theyfinally madea date.

| bumpedinto Mike andWendyas| cameout of the O.R. with Vining. Theywere smiling but tense.OWewere really
stressed,Mike saidlater. OWewere all wonderingif it wasthe right thing to do. No one saidit, but we all knew what
we were thinking.O

eurosurgerpeganwith trepanationthe prehistoricpracticeof scrapingsawing,or boring a hole in the skull.
Trepannedskulls, someasold asten thousandyears,havebeenunearthedn Europe,Africa, Asia, andthe Pacific

Islands.Knowledgeaboutthe brainOsanatomyhasaccumulatedrom the time of Galen,in the secondcentury,but
neurosurgeryvasnot recognizedasa distinct specialtyuntil the early twentiethcentury.Sincethen,neurosurgeonbave
savedmany brainsby selectivelydestroyingsomeof their tissue. TheyOvénjectedbrainswith purealcohol,electrocuted
them,andinsertedwire loops and metal probesand wiggled themabout.They havefrozenbraintissue,andthey have
burnedit. But no brain surgeryis asdramaticas a hemispherectomyOAhemispherectomis the oppositeof everything
you are taughtin neurosurgery,@allo told me. OYouare told throughoutyour residencytraining to preservethe brain, get
what you haveto get, do your work, and leave, but with this you haveto take out everythingalong the way.O

Thefirst recordechemispherectomwasperformed,n 1888,0n a dogby Friedrich Goltz, a prominentGerman
physiologist.(Apparently,the postop animal exhibitedthe samepersonalityand a minimal reductionin intelligence.)In
humans the operationwas pioneeredby Walter Dandy,a JohnsHopkins neurosurgeonwho, in 1923, performedhis first
hemispherectomwpn a patientwith an aggressivebraintumor in the right hemisphereThe patientlived for threeanda
half years,until the cancerinvadedthe remaininghemisphereDandy performedanotherfour hemispherectomiesyl for
patientswho had brain cancerin their right hemispheresn 1938,the CanadiameurosurgeoriKennethMcKenzie
performeda hemispherectomyn a child sufferingfrom seizuresthatcould not be controlledwith drugs.The operation
wasa successand hemispherectomiesameto be more popularasa treatmentor chronicseizuresghanfor cancer.But
eventuallythe operationfell out of favor. Doctorsfound that, aroundten yearsafter the surgery,somepatientsbecame
paralyzedor comatoseand sometimedglied. This wascausedby a buildup of cerebrospinafluid, a salinelike substance
thatcushiongthe brain. Thefluid is producedat the rate of aboutone teaspoorper minute,andin normalbrainsit is
reabsorbedNtheotal supply of fluid renewsitself every five hours.But in somecaseghe traumaof the operationseemed
to preventthis, andthe resultantpressurecould distortthe skull and pushthe remainingbrainto one side, a condition
known ashydrocephalus.

The hemispherectomy@ssurgencén popularityis largely the work of JohnFreemana pediatricneurologistwho has
beenat JohnsHopkins nearlyhis entirecareer.Tall and charminglygruff, Freemaris seventythreeand semiretired,
thoughwhenl visited him beforeLacyO®perationhe wasstill puttingin forty hoursa weekin his clutteredoffice.
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OSemietiredfor a workaholic,(he said. Freemarsawa few hemispherectomieshile on a training fellowship at
Columbia,and startedorderingthemfor patientsat JohnsHopkinsin the early nineteenrseventiesBy then,hydrocephalus
could be detectecearly, with scansandthe excesdluid drainedto otherpartsof the body, whereit wasreabsorbed
naturally. In the early nineteereighties,he proposedhe treatmentfor the first time, for a patientwith a diseasedeft
hemisphereNathirteenyear-old girl who sufferedsuchuncontrollableseizuresthat shehad spentseveralmonthsin the
intensivecareunit. The prospeciof removinga left hemisphereNrathethan a right one,ashad beenthe casein previous
operationsNwasdaunting.lt is generallythoughtthatlanguages situatedin the left half of the brain, and no one could
sayfor certainwhat the effectof removingthathemispheravould be. OWeworried aboutthat,CFreemarsaid. OWhat
would your life be like if you couldnOtalk, and you couldnOtinderstandand you were just thereand aware?OWhile a
numberof the hospitalOfaculty approvedthe operation,an outragedseniorphysicianvetoedit. But the only alternative,
Freemarobservedwasfor the girl to remainin intensivecarefor the restof herlife, sothe following week,whenthe
doctorin questionwasaway, Freemarwent aheadand arrangedhe operation.OCaryou imaginedoing a
hemispherectomyvithout the assurancehatthe patientwould talk?0Ohe asked.The operationwasa successandthe girl
recoveredhe ability to speak.ONow, e said, Olcantell the families: they all talk.O

If Freemarrevivedthe practiceof hemispherectomiesheir leadingpractitionerhasbeenBen Carson,who joined
JohnsHopkinsin 1984and,at thirty-two, becamehe youngestheadof pediatricneurosurgeryn the nation.A starin his
field, Carsonhaswritten a book abouthis transformatiorfrom angryteertragerin Detroit to renownedneurosurgeorte
did his first hemispherectomg year after comingto JohnsHopkins. The WashingtonPostwrote a story aboutit, and
soonthe hospitalwasgettingcalls from doctorsall overthe countrysayingthatthey had patientswith intractableseizures
whomthey wantedto send.Carsonhasnow performedmorethana hundredhemispherectomie©ne of his oldest
patientshadthe surgeryin his thirties.

CarsonQsffice, like FreemanO#s strewnwith files, books,and X -rays,and thereis an abundancef photographs,
cards,honoraryPh.D.s,and giftsNa hangingplate paintedwith poetry,a framedsamplerembroideredvith ODr.Carson,O
and,on the windowsill, a statuetteof a handsoméblack manin a white doctorOsoatwho looks exactlylike Carson.In
person,Carsonis mild, tired, andfriendly. He told me thatwhen he starteddoing hemispherectomielse would reachin
andslice out an entirehemisphereat once.But he modified this practiceafter one patientwent into a comafor a month.
Carsonbelievesthatthe patientObrain stemwas movedaboutexcessivelyduring the procedure O1tO®o much like what
IOmdoing right now,Ghe said, grapplingwith a plasticmodelof the brainin an effort to pop out a recalcitrantiobe, which
eventuallyshotoff into the messon the floor. | askedhim MikeOgjuestion aboutall thatspaceleft by the missinglobes.
In the past,he said, doctorsworried aboutthis andtried to anchorthe remainingbrain by stitchingit to the dura. They
would put all kinds of thingsin the cranial cavityNone surgeonusedsterile Ping-Pongballs. But, as Carsondid more
hemispherectomiese realizedthatthe brainOswn drip of cerebrospinafluid could adequatelyill the cavity.
Sometimeshe remainingbrain movesduring the weeksfollowing the surgery,but usually by lessthanan inch. Olt
doesnQteemto be a problem,Che said. Much of CarsonOsiethodis intuitive. OYoudevelopa feel for the brain,Che
said. ONormabrain feelslike a very soft boiledegg.A bad brainfeelslike a mushyapple.O

Freemarand CarsonhavenQnerely pioneeredhe surgery:with their colleaguesat JohnsHopkins, they have
undertakerresearctinto the effectsof hemispherectomgn behavior,language and psychology.OWeasa group herein
pediatricepilepsyhavechangedhe way childrenare handled, &reemartold me. OltOgot just the surgery;itOshe
networkandthe contact.ltOghe bestthing IOveeverdone,and | donOevendo them.CFreemarand Carsonarein the
procesf handingthe practiceoverto EileenVining and GeorgeJallo. Eachdoctorsomehowresemblesis successor.
Freemarand Vining are obsessivelinical researcherand vigorouswranglersof surgeonsgdoctors,and patients.Jallo,
like Carson,hasa quietintensity and the gentlestof handshakesWhen| askedthe surgeonsow itOgossiblefor people
with half a brainto live, let alonehavea life, eachof themspokeaboutplasticity, flexibility, redundancyand potential,
andthenthey smiled and said the samething: OWedonOteally know.O

fter | got this car, | noticedso many CR-Vs,OChristinaSanthouseaid. Olguessyou notice themafter you get
one.CChristinawasdriving a nice, steadyfive miles per hour abovethe speedimit on the way to the Bristol
Pike Lanesbowling alley, in Croydon,PennsylvaniaSherecentlyturnedeighteenand got her licenseon the secondry.
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Her family outfitted herHondaCR-V with an extralong rearviewmirror, additionalside mirrors, a knob on the wheelfor
steering,anda rod thatbringscontrol of the indicatoroverto the right side. As an eightyearold, Christinaplayedsoccer,
swam,and did karate. ThenshecontractedRasmussen@scephalitisa little -understooctonditionthat causeshronic
inflammationof the brain. One day at the JerseyShore,herfoot startedtwitching, and within a few months,asthe right
side of herbrain deterioratedshewashaving hundredsof seizuresa day. ChristinabecameJohnsHopkins
hemispherectomyaseNo. 30Nher surgerytook fourteenhours,one of the longestoperationsCarsonhasperformed.The
alterationsto ChristinaOsar are necessarybecauseshehasimpairedmotor function on her left side. (Eachhemisphereof
the brain primarily controlsthe oppositeside of the body.) Shealsolost sight on the left side of eacheye,and now wears
prism glasseghatbring the left field of vision overto the centerof the eye.When| mether, shehadtakenherS.A.T.s
andjust finished high school,comingin seventysixth in a classof two hundredand twenty-five. Last fall, Christinawas
a freshmanat CollegeMisericordia,in Dallas, PennsylvaniawheresheOstudyingspeechpathology.

Whenwe pulledinto the parkinglot of the bowling alley, sheparkedin the samespotthatshealwaysused.Shewore
jeans,a collegehoodie,pink nail polish,and SkechersneakersA small bracebeneathher jeanskept herleft leg straight,
thoughshestill hada slight limp, and herleft armwas partly paralyzed Olcan do thisONsheshruggecher left shoulder,
movingit andthe arm around.OlcanOdo thisONshetwinkled the fingersof herright handat me. Christinabookedus a
lane and we satdown to put on our bowling shoes Shewason her high-schoolvarsity bowling teamfor four years,and
in herfinal yearshewascaptain.Shepulled a leatherglove onto herright handwith herteethandtheninsistedthat! go
first.

| knockeddown eight pins, and Christinaknockeddown six. Olget really nervousand my arm getsstiff, Oshesaid.
OAlso,l havenQpracticedfor a month. And the finger holesin my ball are cold.Qin the nextround, | knockeddown
sevenpins,and Christinabowled a strike. As the gamecontinued my scorelagged,while Christinabowled spareafter
strike after spare.Her ball weighedfourteenpounds.|Omat leastseveninchestaller, so | startedout with a sixteerpound
ball. After almostlosing it on the first backswing,] changedo a fourteerpoundball. As my elbow beganto ache,|
movedto a twelve, thena ten. ChristinadoesnChavethe balancenecessaryo run and throw the ball, so shepositions
herselfat the bottomof the lane,crouchingslightly and swingingit like an underhandiscus.I tried bowling like
Christina.Shecoachedme on whereto standandwhat to aim for, but my first ball, deprivedof the momentumthatcomes
from a runningwalk to the edgeof the lane,droppedstraightinto the gutter. The secondime, | swungharderand my
ball rolled just a little fartherbeforeit hit the gutter. On the third try, | knockeddown one pin. Christinaexplainedthat
you haveto work out which side youOrestrongeron, and stepto thatside asyou swing. Her final scorewasa hundredand
seventy.

Christinais a spectaculaexampleof how well childrencando after a hemispherectomybut sheis no outlier. Many
childrenwho havehad hemispherectomieat JohnsHopkinsarein high school,and one,a collegestudent,s onthe
deanQlist. The families of thesechildrencanbarelybelievethe transformationand not so long ago neurologistsand
neurosurgeonfundit hardto believeaswell. | askedJalloif he rememberedhis first hemispherectomyOYesand no,0
he said. OldonOtemembethe patient.lt wasmoreof a OWow.Dwasa residentin training and| assistedn one of the
operations! didnOtealizeyou could take out thatmuch brain tissueand havesomeonébe so functionaland usefulin
society.Whatamazegne is that, if someoneall of a suddenstrokesout half of the brain, morelikely thannotthey are
not goingto survive.Yet a lot of thesepeopledeveloptheir seizuresvhentheyOreery young,or in utero,and whenyou
take out half of their brainin onesitting itOsasif they werenOtouched.O

Thereare wide variationsin recovery,and any brain surgerycarriesgraverisks. Many factorsaffecthow well a
patientdoesNageat the time of a conditionOenset,ageat the time of the operation the natureof the conditionitself,
andthe determinatiorof parentsand caregiverdo maintainan intensescheduleof therapybeforeand afterward.Possibly
the greatestlangeris posedby the brainOseinsand arteries which are so numerousand so wildly, individually arranged
thatthey areimpossibleto map andvery hardto control. Excessivebleedingcan sendpatientsinto shockandtheninto
comasfrom which they neverreturn,or it canwipe out mostbrain function. The otherconflicting challengeof the
surgeryis the necessityof makingsurethatenoughtissueis removed.Freemaroncesawa small boy who madegood
progresdor six monthsfollowing a hemispherectomyafter which he beganto deteriorate His doctorsdiscoveredhat
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they had left a small pieceof the excisedhemispherén the childOsead.It was, said Freemanno largerthanthe top
joint of his thumb.But the electricity from that pieceof neuraltissuewasenoughto compromisethe remaining
hemisphereThe boy had anotheroperation,a Oredo,@sthe doctorsat JohnsHopkinsinformally call it, in which the bad
pieceof brainwasremoved.After that, he had no moreseizures.

The brainOsemarkablecapacityfor recoveryhaslong fascinatedscientists Bradley Schlaggara pediatricneurologist
and a professorat WashingtonUniversity in St. Louis, told me aboutan experimenthathe conductedor his Ph.D.He
transplantedhe visual cortexfrom an embryonicratO$rain into the brain of a newbornrat, placingit in the spot
occupiedby the somatosensorgortex,which is responsibldor suchbodily sensationsspressureand temperatureOnce
the secondrat had grown up, Schlaggatook a look at its brain and discoveredhatthe transplantecchunk of visual cortex
wasfunctioningasa somatosensorgortex. Sucha basicarchitecturafeatureof the brain wasthoughtto be entirely
hardwired,but Schlaggashowedthat brain tissuecould reprogramitself to servedifferent purposesin another
experimentLeahKrubitzer, a professorof psychologyat the University of California, removedargepiecesof the brains
of newbornmarsupials Oncethe marsupialdbecameadult, sheexaminedthe brainsagainand found thatthey had
organizedthemselvesn sucha way thatthe visual, auditory,and othersomatosensorgreaswvere all in the samerelative
positionsthatthey would occupyin a normalbrain, but they were smaller,commensuratevith the total spaceavailable.

Schlaggasaidthat, in the mid-eighties,researchersvoked plasticity to explainthe brainOsbility to compensatéor
suddendamageNaswhen a strokevictim relearnsto walk or talk. Now, Schlaggasaid, the conceptis usedto describea
far morebasicoperationof the brain, including how it developsfrom childhoodto adulthood,and evenhow an adult
brain changesvhena new skill is learned:OThddeais thatwhenyou talk aboutplasticity you are talking aboutevery bit
of learningthatwe do.OFor a long time, the assumptionsghat neuroscientistsnadeaboutwhat wasgoingon in a childOs
brain were basedon how the adultbrain worked. But now it seemsthatthe brainOmternal configurationdependson the
ageof the brain. If an eighteenyear-oldOsrain sustainedsomekind of damage Schlaggaexplained,t would occurin
neuralterrainthatis organizeddifferently from, say, thatof a two-yearold, evenif the injury wasin the samespot.
Childrenwith damageto a particularareaof the brain often suffer lossesthat are different from thosesustainedy an
adultwho experienceshe sametrauma.

When Schlaggatectureson plasticity, he showsslidesof the constructionof the St. Louis Arch. OAsthe structure
goesup, the relationshipbetweenthe scaffoldingandthe leadingedgeof the two sidesof the arch changeasthey rise up
to meetin the middle,Che said. OThenteractionbetweenthe scaffold and the emergingmaturestructureis dynamic.Orhe
ever changingscaffoldingof the developingbrain, Schlaggasaid, meangthatthe functionalorganizationof the brainsof
childrenperforminga task canlook quite different from that of adultsengagedn the sametask. If you showsevenyear
olds andthirty-yearolds a word and askthemto generatea verb for thatword, the two groupscando so with equal
accuracyandin the sameamountof time, but they useslightly different regionsof the brainto arrive at their answers.
Children, Schlaggaexplained useextraregionsof the brain during their developmentvhich, like scaffoldingthatfalls
away, are no longerneededvhenthe brainOsrchitectureis mature.

Although the plasticity of ChristinaObrainin the yearsfollowing surgeryhasenabledherto live a remarkablynormal
life, otheraspectf herexperiencehavebeenhard. Whenwe were alonein the car, Christinatold me aboutyearsof
socialdifficulties. OldidnOtell many peopleat high school,butit kind of got out,0shesaid. ShedidnOtnakefriendsuntil
junior high. A few yearsafter the operation,one of her motherOrelativesphonedto saythattherewasa photograptof
Christinain TheNational Enquirer. Before going to Misericordia, Christinahopedfor a freshstart,but whenshespentan
introductorynight thereherroommateshowedher a photocopiedarticle abouther hemispherectomyA psychology
professorhad handedthemout to her class.

After bowling, Christinadroveme to herhomeand| spoketo her mother,Lynne, and her grandmotheMary Lou.
We looked at photographgakenthe day of the hemispherectomyand we watcheda video of Christinaat JohnsHopkins
beforethe surgery.Sheis sitting on a bed,and herfoot beginsto twitch. Within secondsthe twitchesmultiply and
cascadehroughherbody, and shefalls back ontothe bed completelyhelplessin anothervideo, Carsonstridesfrom the
O.R. after ChristinaObemispherectomyHe looks utterly invigorated.Lynne, waiting outside claspshis handsandthen
crumplesbeforehim in tears.
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he day after LacyOsurgery,Jallo cameby earlyto visit her. Shewasmoving herright arm andleg weakly, and her

color wasgood. The next day, shestartedto run a fever, and then shehad the worst seizuressheOsver hadNthree
in a row, eachten minuteslong. This was not unusualNmostpractitionershink itOscausedby the traumaof the operation
Nbut it wasnOgood. The doctorsadjustecher medication,and over the next few dayssheimproved.When| phoned
Mike, he saidthat, four daysafter the surgery,shehad beenout of bed a few timesto be held in her motherOkap. OSheO:
not doing much of anythingon the left side,Che said. The left side of LacyO$ody had alwaysbeenweak, becausét was
controlledby the damagedight hemisphereWith thathemisphergyone,Lacy would needa yearOitensivetherapyto
remind her brain of the existenceof herleft arm andleg. Threeweeksafter the surgery,LacyOstapleswere removedand
shewasreleasedrom the hospital.

On a wet Octoberday morethantwo monthsafter the operation,| drovebackto Palmyra.As | pulledup to the
house,l could seetwo small headsat the front window. Lily and Lacy were standingside by side on the couch,peering
out. The doctorshadtold Mike and Wendythatit could take Lacy six to twelve monthsto get backto whereshehad
beenbeforethe operation but sinceJuly shehad madeextraordinaryprogressOWethoughtsheOde a blob for a few
months,Mike said. OButonceshestartedeatingand got her strengthback shewasstraightat it.O

We satagainin the living room. Lacy waspale and skinny, and her white-blond hair wasaninch long. The scar
underneattwasbarelyvisible. Shewasin constantmotion, crawling and walking abouton her knees.Sometimesywhen
shecrawled,shedraggedthe knucklesof herleft handon the floor. Shebabbledand squealedand shesaid OYeah@hen
| askedherhow shewas. Shehelpedherselfto a bottle of milk and drankfrom it while sheidled on herknees.Shesurfed
aroundthe furniture and stoodat an activity table in front of me.When! held out my right handto her, shewobbledfor
a secondandthen grabbedit with herleft hand.Sheswungherright handaround,placedit on top, paused and was off
again.Thenshesatwith herbackto me. Shekept looking over herright shoulderto seeif | wasstill there,thenlooking
away. OSheQsally silly all the time,OMike said.

A monthafterthe operation,Lacy beganseeinga physicaltherapist,an occupationatherapist,and a speechtherapist
on a regularschedule The speechtherapistwould talk with her faceright up againstLacyOsand after a few sessiond.acy
beganmoving her mouthto mimic the therapist.Shelearnedsomesign language and usedthe sign for Omore@ lot at
the dinnertable,whereshecould now eatthe samefood asherfamily. Shestill hadto take the anti-convulsantsTegretol
and Keppratwice a day, andthe doctorsthoughtthatit would be a year beforeshecould stop.But therehad beenno
moreseizuresand,the weekbeforel visited the Nissleys,Lacy hadtakenthreestepsby herselffor the first time.

By early Decemberlacy waswalking everywhereandin Januarythe family returnedto JohnsHopkinsfor a
scheduledcheckup.In JalloOseport,he wrote that Lacy had donebeautifully. Shehad had no seizuresand shewas
babblingand walking independentlyShewas Oahappychild.OLacy still showeda clear preferenceor herright side, but
he wrote thathe hopedfor animprovementn tone and a looseningup on the left side.

For two monthsafter that, Lacy walked and played,but in March shehad a setback Wendy put her down for an
afternoonnap,and aboutfifteen minuteslater shehad a seizure. Wendy said, OShgust woke up, instantly,with hereyes
bulging out.OThe seizurelasteda few secondsand afterwardLacy rolled over and went to sleep.Shewoke up happy.
Everythingwasfine for a few days, but then shehad anotherseizure,againaboutfifteen minutesafter shehadfallen
asleep OWewere shocked,®Vendy said. OLacywent aboutsevenmonthswithout any seizureslt is disappointing.0he
seizuresncreasedsteadilyNafter abouta month, therewere a few every day, eachlastingfive or six secondsAccording
to Wendy, Lacy didnOappearparticularly distressedy them, thoughoccasionalljthey madeher moretired. OWeare not
surewhat the next stepwill be,OWendy said, but sheand Mike remainedoptimistic. For LacyOshird birthday, they had
a big cookoutin a rentedpavilion at a local park besidea lake.

WhenWendydrove Lacy backto JohnsHopkins,Vining wasthrilled with her generalprogressDevelopmentallyshe
said, Lacy wasfulfilling expectationsand eventhe recurrenceof the seizuresvasnOunduly alarming.OTheyare very
mild,Oshesaid. Therewere no signsof themon the EEG andthey lasted,in total, lessthana minuteper day. Vining
speculatedhat Lacy might haveoutgrownthe dosageof one of heranti-seizuremedicationsand sheincreasedt. After a
few weeks,however therewasno improvementithe seizureswere lasting longer,and had begunto showup on the EEG.
Vining switchedLacy to a different anti-convulsant,Trileptal. Anotherpossiblecauseof the problemwasthe tiny nub of
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occipital lobe thatJallo had left in LacyOsrain during the operation.| askedVining whetherLacy would ever needa
Oredo@ removethatfinal pieceof the right hemisphereSheexplainedthatonly time would tell. Vining was hopefulthat
the new drug would solvethe problem.If it didnOtshesaid, they would haveto think seriouslyaboutgoingin again.!
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