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ABSTRACT 

Stroke is the most common cause of disability and the most frequent 
indication for inpatient rehabilitation. New information from neuroscience 
ind icates that the cerebral cortex can reorgan ize or remodel after injury. 
in animal models, exercise ofa paretic limb and restraint of the normal 
limb increase not only motor power, but alsa the size of the cortical forelimb 
area. Sinıilar findings have recentl y been reported in nıan. Evidence of 
cortical reorganization has also been found during recovery of behavioral 
disorders such as aphasia and neglect. Rehabilitative therapies such as 
constraint-induced therapy apply these concepts in human stroke 
rehabilitation. Other promising techniques involve deafferentation procedures, 
neura l tra nsplantatio n, transc ranial mag netic stimulation, and 
pharmacotherapy for stroke. Considerable evidence exists for the overall 
benefit of stroke rehabilitation, but the evidence for specific therapies is 
less compelling, and there is limited evidence favoring inpatient over 
subacute rehabilitation. Medical complications of stroke are reviewed. in 
the future, therapy techniques can be tested both for clinical efficacy and 
for changes in cortical organization by brain imaging. 
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ÖZET 
İnme en sık rastlanan özürlülük nedeni ve yatan hasta rehabilitasyonunda 
en sık karşılaşılan endikasyondur. Nörolojik bilimler alanındaki yeni bilgiler 
serebral kortekste hasar sonrasında reorganizasyon veya remodeling 
oluşabildiğini göstermektedir. Hayvan modellerinde parezi oluşmuş bir 
ekstremitenin (örneğin kolun) egzersizi ve normal ekstremitenin hareketinin 
sınırlanması yalnızca motor gücü artırmakla kalmamış aynı zamanda kortikal 
önkol alanının büyüklüğünü de artırmıştır. Son dönemlerde benzer bulgular 
insanlarda da rapor edilmiştir. Kortikal reorganizasyona dair kanıtlar afazi 
ve savsaklama (neglect) gibi davranışsa/ bozuklukların iyileşmesi sırasında 
da gözlenmiştir. Sınırlama tedavisi gibi rehabilitasyon tedavileri insandaki 
inme rehabilitasyonunda bu kavramlara uygulanmaktadır. Umut veren 
diğer teknikler arasında deafferentasyon prosedürleri, nöral transplantasyon, 
transkranial manyetik stimulasyon ve inme farmakoterapisi yer almaktadır. 
İnme rehabilitasyonunun genel faydaları ile ilgili önemli kanıtlar bulunmaktadır 
ancak spesifik tedaviler konusunda kanıtlar daha az gerekli olduğu yönündedir 
ve subakut rehabilitasyona kıyasla yatan hasta rehabilitasyonu lehinde sınırlı 
kanıt mevcuttur. İnmenin tıbbi komplikasyonları gözden geçirilmektedir. 
Gelecekte tedavi teknikleri hem klinik etkinlik yönünden hem de beyin 
görüntülemesi yoluyla kortika/ organizasyon değişiklik/eri yönünden test 
edilebilir. 



INTRODUCTION 

Every year, nearly 750,000 Americans suffer strokes. Stroke 

is the third leading cause of death in the U.S., but more 

importantly the leading cause of disability in adults. Of 

every 100 stroke survivors, only 1 O return to work with 

no disability, 40 suffer mild disability, 40 have moderate 

or severe disability, and 1 O require care in a long-term 

nursing facility ııı _ Stroke accounts for 31 % of the patients 

in rehabilitation facilities in the U.S.A., and nearly half of 

the $43 billion annual cost of stroke in the U.S.A. is spent 

for acute hospital, inpatient rehabilitation, and nursing 

facility rehabilitation 1' 1. 

Rehabilitative therapies, w hether carried out in 

inpatient units, home health services, and outpatient 

facilities, have the same goals: 1) to facilitate spontaneous 

recovery of lost functions; 2) to provide compensatory 

strategies to deal with remaining deficits; 3) to help the 

patient achieve independence in activities of daily living 

(ADL's); and 4) if possible, to achieve home discharge and 

return to work. Where independence is not feasible, family 

training is important to permit discharge home. For the 

neurologist, responsibilities include medical measures for 

secondary stroke prevention, treatment and avoidance of 

complications of stroke, psychological support, and 

supervision of rehabilitative therapists and prescription of 

adaptive equipment. 

SCIENTIFIC BASIS OF REHABILITATION 

For years, rehabilitation therapists have developed exercise 

and training methods to enhance the recovery of 

neurological deficits. Most approaches are empirical, with 

limited scientific evidence. Recent neuroscientific evidence 

has supported the concept of brain plasticity as the 

foundation of neurorehabilitation. Rehabilitative therapiess 

can aid in cortical reorganization or remodeling after brain 

injury. Early recovery after stroke is likely mediated by 

revival of non-necrotic ischemic cells, reduction of edema, 

and reversal of diaschisis, a depression of blood flow and 

metabolism in functionally connected but structurally 

undamaged areas of the brain. These processes take place 

even without active rehabilitative efforts. Later recovery, 

however, requires reorganization or remodeling of functional 

brain anatomy. 

Bach-Y-Rita 13>, a pioneer in the study of plasticity as 

a basis of rehabilitation, defineci plasticity as "the adaptive 

capacit ies of the central nervous system ... to modify its 

own organization and function". Plasticity, like excitability, 

is a key function of the nervous system . Functions "lost" 

after stroke can be regained via cortical reorganization, in 

association with rehabilitation l3l_ Reorganization after a 

stroke has some similarity to ontological events in the 

development of specialized cortex; in early life a 

pleuripotential cortical area becomes specialized for one 

function, but this specialization can change again during 

recovery from brain injury 1•> . Growth factors and other 

biochemical mediators during development likely also play 

a role in cortical remodeling. 

The best-studied example of brain plasticity is the 

motor cortex. Nudo and colleagues 15
·
5

> developed a model 

of stroke in squirrel monkeys by electrocauterizing the 

motor cortex, producing small cortical infarcts. They mapped 

the motor cortex by electrical stimulation before and at 

intervals after the stroke . After injury, the areas from 

which stimulation elicited forepaw movement (the motor 

cortex) decreased in size . Active training of the affected 

limb in an exercise program, however, enlarged the cortical 

forelimb area almost to pre-stroke level. in addition, restraint 

of the unaffected limb produced even greater increases 

in the cortical forelimb area, as well as in the function of 

the paralyzed limb. Most im portantly for rehabilitation 

research, restraint of the unaffected upper limb without 

exercise training did not enlarge the forelimb area. At least 

in monkeys, rehabilitative exercise can facilitate the 

remodeling of the motor cortex . 

in human stroke patients, functional neuroimaging 

with PET permits the study of the motor cortex during 

exercise of the paretic limb. After stroke, attempts at 

exercise produce less activation of the motor cortex than 

in normal people, just as in the monkey experiments, but 

other, adjacent cortical areas such as the parietal and 

dorsal prefrontal cortex show activation not seen in normal 

subjects. After a stroke, the cortical hand representation 

spreads to areas not normally part of the motor cortex l7l_ 

Similar findings have been reported with passive elbow 

movement as the activation condition, with reorganization 

of the motor system occurring within six weeks ofa stroke 

with major hemiplegia ısı _ Others have documented similar 

changes in the motor cortex after stroke 1•-
10>. Considerable 

controversy exists regarding whether motor recovery 

involves the ipsilateral, contra latera l, or bilateral cortices. 

üne recent study 111
> suggested that, in patients who recover 

we ll , the ipsilateral motor cortex enlarges, whereas in 

patients with incomplete recovery, the contralateral cortex 

plays a larger role. This suggests that contralateral cortical 

reorganization may not be as successful as ipsilateral 



reorganization in mediating recovery. These functional 
imaging studies suggest that cortical remodeling of the 
motor system in response to exercise occurs in human 
stroke patients, as well as in experimental animals. 

Taub and colleagues <
12

•
13

> applied the technique of 
restraint of the unaffected upper limb to human stroke 
patients. Like Bach Y Rita, they believe that the lack of use 
of the affected limb is a "learned disuse" of movement, 
rather than irreversible paralysis. Liepert and colleagues <

13
> 

utilized transcranial magnetic stimulation (TMS) to map 
the motor cortex of 13 stroke patients, ali more than 6 
months post-stroke. 10/13 patients had lacunar infarctions 
in the internal capsule, 3 had cortical infarcts. Patients had 
>20° of extension of the wrist, >1 o0 of extension at the 
fingers, and ability to walk with the unaffected arm 
restrained. lntensive therapy far the weak arm and restraint 
of the good arm ("constraint-induced therapy" or "CIT") 
facil itated increased use of the arm, documented by patient 
diaries, and appeared to increase the area from wh ich 
contractions of the contralateral hand could be produced 
by magnetic stimulation. Several other groups <

14
·
181 have 

applied constraint-induced therapy, one group even in 
acute stroke <

111
. A multicenter trial is in progress. Two 

stud ies <
11

•
181 examined motor activation by functional MRI 

in conjunction with constraint-induced therapy; one <
181 

suggested that some of the new activation induced by CIT 
occurs in the contralateral hemisphere. in practice, patients 
with neglect of the left arm, but w ithout severe paralysis, 
may respond best to the therapy. Despite criticism that 
these experiments simply made use of recovery after 
cessation of rehabilitative therapies, these experiments 
have provided hope to stroke patients and evidence that 
rehabilitative therapies can help the motor cortex reorganize 
after stroke. 

The remodeling of the motor cortex w ith stroke 
rehabilitation is just one example of reorganization in the 
human motor cortex, in response to motor training . String 
musicians have much larger areas of right hemisphere 
motor cortex devoted to the left hand than do control 
subjects <

1
•
1• Likewise, blind subjects who learn to read 

Braille show increases in cortical activation of the fingers 
of both hands <

20
·
21 1

. 

Other cortical areas, including those devoted to higher 
functions and behavior, may alsa have a capacity far 
remodeling with rehabilitative therapies . in acute stroke, 
language deficits change dramatically w ith changes in 
perfusion of the language cortex. Hillis and colleagues 
<
22

·
231 showed that both aphasia and visuospatial deficits 

correlate w ith hypoperfusion of the cortex, as imaged by 
perfusion-weighted MRI (PWI). lncreases in perfusion 
induced by pressor drugs or by carotid endarterectomy 
can improve behavioral functioning c221 . Acute stroke 
represents an opportunity to study the localization of brain 
functions befare compensatory mechanisms, via recruitment 
of other parts of brain networks and cortical reorganization, 
come into play <

2
•1. 

The language cortex alsa appears to reorganize during 
recovery after stroke. Some investigators <

25 271 have 
emphasized the activation of right hemisphere cortical 
sites by PET or fMRI, suggesting that the right hemisphere 
might mediate recovery of language function. Heiss and 
colleagues <

2
•·

2
•
1
, however, faund that defective PET activation 

of the left temporal area precludes full recovery; only cases 
with reactivation of adjacent left hemisphere cortex regain 
high levels of language function . Activation of right 
hemisphere areas, in the authors' opinion, represents a 
"second best" or incomplete effart at recovery. This pattern 
was alsa seen with motor recovery c11 1. Recovery of neglect 
and related right hemisphere neurobehavioral deficits has 
alsa been documented w ith improved right hemisphere 
activation <

30 321_ As left hemisphere language deficits and 
right hemisphere visuospatia l deficits improve after stroke, 
functional neuroimaging shows increased activation of the 
hemisphere in wh ich the behavioral function (language or 
visuospatial functioning) is normally localized . What is 
lacking, in the practical world of stroke rehabilitation, is 
evidence that speech or cognitive therapy accelerates this 
cortical reorganization, as has been accomplished in the 
motor sphere. 

CLINICAL STROKE REHABILITATION 

in order to succeed in stroke rehabilitation, the patients 
must be wel l selected. Patients w ith mild deficits can be 
discharged home and receive outpatient therapies, while 
those with severe deficits may not benefit from intensive, 
inpatient rehabilitation and may be more appropriate far 
therapy in subacute or skilled nursing units. Too often, 
undue rehabilitative effarts are expended on the most 
severely ill patients, who can benefit least. The best 
candidates far inpatient rehabilitation are the moderately 
impaired, who are unable to return home initially but have 
a good chance of eventual independence. Multivar iate 
models have been created to predict stroke outcome < 33 •34ı _ 

in general , several factors appear to make it unlikely that 
a patient w ill regain independence: 1) initi al cama; 2) 
incontinence persisting beyond two weeks; 3) complete 



hemiplegia, especial ly when accompanied by sensory loss; 

4) severe unilateral neglect, global aphasia w ith inability 

to fo ll ow commands, or genera l confus ion; 5) history of 

multiple strokes; 6) severe cardiac or medical disease with 

lack of endurance; and 7) lack of a caregiver. Any one of 

these factors, however, should not exclude a patient from 

inpatient rehabilitation . Age by itself influences prognosis 

on ly little, but it influences endurance, medical stability, 

and abil ity to benefit from therapy. in add ition to these 

exclusionary factors, simple bedside measures can aid in 

predict ion. Reding and Potes 135 ı examined pure motor, 

versus motor plus sensory, versus motor plus sensory plus 

visual field deficits. They reported that patients w ith pure 

motor hemiparesis walked with assistance at 12 weeks, 

and 65% were independent in ADL's at 12 weeks. Patients 

w ith hemiparesis and either hemisensory loss or hemianopsia 

did not walk until 22 weeks . Patients with motor, sensory, 

and visual fi eld deficits d id not walk until 28 weeks, and 

only 1 O % regained independence in ADL's. Olsen 136 ı 

reported on recovery of 75 stroke patients, based on ly on 

degree of arm and leg paresis . 89% of these patients 

improved in lower extremity motor score, whereas only 

52% showed upper limb recovery. Best recovery of leg 

function occurred in 1 O + 4 weeks, upper limb function in 

9 + 3 weeks. Maximum recovery occurred by 14 weeks. 

On ly 11 % of patients w ith 0-2/5 strength in the leg 

recovered independent ambu lation during rehab ilitation, 

w hereas those w ith >3/5 strength all regained walk ing 

w ith assistance, and all regained independence or minimal 

dependence in ADL's. Gompertz and colleagues ı37ı compiled 

a G-score (Table 1) for outcome prediction; scores of 1-2 

were associated w ith good, 3-4 intermediate, and 5-7 poor 

outcome. 

Table 1. Gompertz et al, g-score (36) 

CRITERION POI NT SCORES 

Complete paralysis of any limb 1 point 

Motor + sensory + cortical deficit 1 point 

lnitial loss of consciousness 1 point 

Drowsiness at 24 hours 1 point 

Age <50 1 po int 

Age 50-75 2 po ints 

Age >75 3 points 

lsolated (pure motor) hemiparesis - 1 point 

EVIDENCE FOR EFFICACY OF 

STROKE REHABILITATION 

Although many stud ies have exam ined the efficacy of 

rehabilitative therapies, few are truly randomized or placebo­

controlled . Nonetheless, considerable evidence points to 

a beneficial effect of rehabilitation . Several stud ies have 

compared outcomes in patients hospitalized on specia lized 

stroke units to those treated on traditional wards. in 

Europe and the UK, both acute stroke treatment and 

rehabilitation therapies take place on a single stroke unit. 

These stud ies indicate a better outcome in the specialized 

units, usually in a shorter time 13839 ı . Such findings establish 

that specialized stroke care is effective, but they do not 

separate rehab ilitation from early management of stroke. 

Efficacy of inpatient rehabil itation programs has also been 

reported in two large metaanalyses 140·41 ı . Ottenbacher and 

Jannel l's 142 ı review of 3717 stroke patients in 36 stud ies 

indicated that patients treated in rehabilitation programs 

fareci better in measures of gait, upper limb function, 

independence in ADL's, and visuospatial funct ion than 

those not referred to such programs. Th e effect was 

especial ly strong in younger patients treated soon after 

stroke onset. Patients undergoing intensive rehab programs 

also had a higher percentage of home discharge and return 

to work. Little evidence for cost-effectiveness has been 

presented 14 'ı . 

Specif ic therapy techniques have been less wel l 

val idated than the general outcome of stroke rehabilitation. 

Of t he traditional t herapies, speech therapy has received 

the most research scrutiny. A major VA study ı43 ı divided 

patients into an acute therapy group, treated for 12 weeks, 

and a crossover group in w hom therapy was delayed until 

the 12-24 week period. The early treatment group clearly 

improved more than the delayed treatment group, but 

the second group made up much of the difference during 

weeks 12-24. A sma ller study by Lincoln and colleagues 
(44) . b was negatıve, ut the amount of therapy actua lly 

provided was very limited. A recent analysis of treatment 

trials for aphasia found that intensity of therapy was a 

major factor in predicting positive outcome; those studies 

that provided intensive therapy tended to show improved 

outcomes, w hereas th ose with less intensive therapy did 

not 145ı . Several studies have evaluated speech therapy 

provided by trained vo lunteers, and t he efficacy has 

generally been comparable to that of formal speech therapy 
(46,47) T I . wo arge metaanalyses 14"·49ı have supported the 

facilitat ion of language recovery w it h speech therapy . 

Again, cost effectiveness has not been extensively 



documented, and newer, less expensive forms of speech 
t herapy, such as group programs and computer-assisted 

language training, are being developed. 
in practical terms, third party payors dictate early 

discharge of stroke patients from the acute hospital, and 
the inpatient rehabilitation unit provides an interim 

placement for the patient and family to prepare for care 
at home. lnpatient rehabilitation has become the standard 
of care for stroke treatment ,soı _ Two current trends threaten 

the future of inpatient rehabil itation. First, subacute units 
and skil led nursing faci lities offer rehabilitation at roughly 

half the price of inpatient rehabilitation, and thi s 
arrangement is especially attractive to Medicare HMO's. 
üne comparative study found that pat ients in inpat ient 

rehabilitation improved faster than subacute patients, but 
the overall cost was twice as high, and the relative cost 
per gain in functional independence measures (FIM) was 
1.5 '5 1)_ A more recent study found that inpatient 

rehabilitation resu lted in better outcome as compared to 
subacute rehabilitation in stroke patients, but not in hip 
fra cture patients '52 ı . The intensity of rehabilitation ' 53ı may 
thus be a pred ictor of outcome. Further research is needed 

in th is area. 

Another practical trend in stroke rehabi litation is the 
recent switch to a prospective payment system (PPS) in 

the U.S.A. in January, 2002. Mandated, single lump-sum 
payments have shortened stays on rehabilitation units, 
especially for more severely affected patients. Whether 

t hese funding changes have affected outcomes is not 
currently known. 

NEW APPROACHES TO STROKE REHABILITATION 

in addition to "constraint-induced therapy", several new 

techniques have been reported. A new approach is regional 
anesthesia to deafferent the affected arm proximally, to 

improve distal motor function '541
. Use of robotic devices 

'
55

·
561

, treadmi lls with harnesses for partial weight support 
'
51

·
581

, electrical stimu lation '591
, and transcran ial magnetic 

stimulation '60621 ali promise to aid in the rehabilitation of 

stroke patients. Transcran ial magnetic stimulation (TMS) 
can be used to map areas of the cortex '"', or to interfere 
w ith or enhance the function of the cortex. Stimulation 
over the left prefrontal region actually reduced response 

latencies in an analogical reasoning task in normal subjects 
'
601

, suggesting that TMS may be useful in rehabilitation. 
TMS has been reported to reduce visuospatial neglect in 
right hemisphere stroke patients '621

. Hyperbaric oxygen 

(HBO) has been tested as an acute stroke treatment, with 
mixed results. HBO has been promoted on the İnternet 
for chron ic stroke patients, but evidence-based studies are 

lacking. Transplantation of neural cells is another promising 
avenue for stroke rehabilitation '631

• Recent evidence suggests 
that the normal brain contains some stem cells, but these 
do not appear to be able to repopulate infracted brain to 
bring about recovery. Experimental methods to facilitate 
stem celi migration or survival are in an early stage '641

. 

Another new area of stroke rehabilitation is the use 

of drugs to facilitate neurologic recovery. Bromocriptine 
has been used w ith some success in patients w ith nonfluent 
aphasia '651

, though a randomized clinica l trial <
551 fai led to 

support its efficacy. Amphetamines have been used 
experimentally in stroke patients to promote motor '67

•
681 or 

language '691 recovery. A multicenter trial of amphetamine 
for stroke rehabi litation is currently in progress. Many 
rehabilitation physicians use amphetam ines or 

methylphenidate in patients with large strokes whose 
somnolence interferes with rehabilitative therapies. Attention 
shou ld also be paid to avoidance of medications that may 

impede recovery, including benzodiazepines, barbiturates, 
phenytoin, ant ihypertensive agents such as clonidine or 
prazocin, and neuroleptics <

101
. 

MEDICAL COMPLICATIONS OF STROKE 

üne of the major roles of the rehabilitation physician is 

the prevention and treatment of medical complications 
fo ll owing stroke. Medical comp li cat ions in clude : 
1) dysphagia and asp iration pneumonia; 2) deep ve in 

thrombophlebitis (DVT) and pu lm onary embolism; 
3) incontinence, urinary tract infections, constipation, and 
sexual dysfunction; 4) skin breakdown; 5) musculoskeletal 

complications such as shoulder-hand syndrome and fa ll s; 
6) post-stroke pain; 7) spasticity; 8) seizures; and 9) post­
stroke depression. Several reviews of medical complications 
of stroke have been presented '"·75ı _ We shall review the 

complications in abbreviated form, citing only a few, key 

references. 

40-50% of stroke patients have dysphagia, and not 
only those with brainstem or bilateral strokes '7779ı _ Stroke 

patients may silently aspirate, without coughing, and 
aspiration pneumonia can result . Dysphagia in stroke 

patients correlates both with the incidence of pneumonia 
and the associated complications of malnutrition and 
dehydration ,,,ı _ Neglect of swa llowing dysfunction and 

subsequent aspiration are more common in patients w ith 

:- 49 



right than left hemisphere strokes 118>. Prevention of 

aspiration pneumonia rests on the identification of patients 

w ith dysphagia. Bedside evaluation alone, e.g. watching 

the pat ient swa llow 3 ou nces of water, can miss up to 

20% of patients with silent aspiration 18081>. Videofluoroscopy 

of swallowing and related techniques can help not only 

to identify patients with dysphagia, but also to designate 

the most favorable consistencies of food and liquids and 

the optimal position for feed ing 118
-'

9
>_ A test of airway 

protection or cough reflex, in response to the inhalation 

of an irritant such as tartaric acid, has been promoted as 

a bedside test that might obviate the need for 

videofluoroscopic methods. Control led trials have not yet 

been reported. The therapeutic implications of swal lowing 

assessment involve changes in diet and posit ioning for 

feeding. Diet can be modified to emphasize soft solids and 

thick liquids, often with restriction of th in liquids or use of 

thickeners . Patients should generally be upright, with the 

head turneci to the weak side . The patient is taught the 

"suprag lottic swallow" techn ique, meaning swallowing 

sma ll bites, separated by coughs and small liquid sips. üne 

randomized study of dysphag ia therapy failed to confirm 

a difference between formal speech pathologist therapy 

and simpler counseling 182>. Clinically, however, it seems 

that early attention to swallowing dysfunction in stroke 

patients has helped to prevent aspiration pneumonia. 

Stimulation techniques are being tested for efficacy in 

swallowing dysfunction after stroke. The use of feeding 

tubes interferes with the quality of life fora stroke patient, 

and ethi cal issues concerning the use of percutaneous 

endoscopic or nasogastric feeding tubes continue to cause 

controversy. 

Deep vein thrombophlebitis (DVT) may occur in as 

many as 75% of paretic limbs in stroke patients 183>. 

Pulmonary embolism is one of the most common and 

devastating complications of stroke. in one study, pulmonary 

emboli occurred anytime between 3 and 120 days after 

a stroke, with a median of 20 days. Approximately 50% 

of post-stroke pulmonary embolism cases were fata l 184>. 

Measures to prevent DVT and pulmonary embolism include 

elastic stockings, compression devices, exercise, 

subcutaneous heparin, low molecular weight heparins 

such as LovenoxR, or low-dose warfarin . Clearly all stroke 

rehabilitation patients should be on at least one, and 

perhaps two or more of these treatments. üne early study 
185

> found a trend towards greater benefit of low molecular 

weight heparin than unfractionated subcutaneous heparin 

in stroke patients. Low molecular we ight heparins cost 

several times as much as unfractionated heparin, and no 

FDA indication specific to stroke patients exists. A large 

study with enoxaparin (LovenoxR) is current ly planned . 

Many stroke patients have bladder dysfunction 185>. 

Bladder dysfunction is one of the prognostic indicators 

predicting poor recovery after stroke 133
'
87

'
88>. Urinary tract 

infections are a frequent cause of morbidity and even life­

threatening sepsis in stroke patients. Urinary sepsis can 

be prevented by intermittent catheterization, avoidance 

of anticholinergic and other drugs which cause urinary 

retention, and early treatment of urinary tract infections 
185>. Constipation is almost universal in stroke patients, and 

preventive treatment w ith stoo l softeners, fiber, and 

laxatives is strongly recommended. Sexual dysfunction is 

also common after stroke; most stroke patients of both 

genders remain interested in sex, but ability to perform 

declines 189
·
90>. in one study, male stroke patients' ability to 

achieve erection declined from 75% to 46% after stroke, 

ejaculation decreased from 88% to 29%, and female 

orgasms dropped from 45% to 9% 189>. üne series found 

that right hemisphere strokes are more likely to affect 

male sexual functioning than left hemisphere strokes 19 11
. 

Many stroke patients fear that sexual activity will be 

harmful, or that the spouse wi ll not desire it. Counseling, 

teaching of behavioral techniques, and use of sildenafil 

(ViagraR) or referral to a urologist for peni le injections or 

implants should be offered . 

Prevention of pressure sores and skin breakdown 

involves frequent turning of patients; air mattresses, 

whee lchair cushions, and boots, attention to adequate 

nutrition, and prevention of incontinence 192
·
931

_ Avoidance 

of pressure over bony prominences is essential. When 

skin breakdown continues to worsen, circulatory insufficiency 

may be present. Wet-to-dry dressings, sem ipermeable 

dressings, antibiotics either topically or systemica lly, and 

surg ical debridement are used for established pressure 

sores 1931
. 

Musculoskeletal problems after stroke are common. 

Shoulder subluxation occurs in many hemiplegic stroke 

patients 19
4-

951
. Support of the paretic arm by armrests and 

pi llows is essential; slings are used during ambulation but 

may promote neglect of the weak limb. Staff and family 

members must be instructed not to lift the patient by the 

affected arm. The shoulder-hand syndrome is a combination 

of a pa inful, subluxed shoulder and an edematous hand, 

often with associated sympathetic signs of blue 

discoloration, cool skin temperature, atrophic changes, 

and sensitivity to touch. Th ese changes suggest a 



sympathetically-mediated mechanism. Massage, exposure 

to warm and coo l baths, stero ids and nonsteroidal 

antiinflammatory agents, and sympathetic blocks may be 

helpful (95ı _ Corticosteroids (%) may be beneficia l in patients 

with shou lder-hand syndrome. Prevention of fa lls is a 

major goal of rehabilitation faci lities (97ı _ Close supervision, 

whee lchair seatbelts, bed alarms and Vail beds are ali 

helpfu l. Posey vests and wrist restraints are used only 

when absolutely necessary 197 •93ı _ 

A common problem after stroke is neuropathic or 

"dysesthetic" pa in. Classically described in patients with 

thalamic infarctions (the "Dejerine Roussy" syndrome), this 

syndrome can develop after any stroke affecting the sensory 

radiations . Dysesthetic pain involves unpleasa nt t ing ling 

and burning sensations in areas of partia l sensory loss, 

often beginning weeks after a stroke. Sometimes the pain 

is episod ic enoug h to suggest transient ischemic attacks 

or seizures . A host of medications have been used in this 

condition, including tricyclic antidepressants and antiepileptic 

drugs such as carbamazepine, gabapentin, and topiramate. 

Amitriptyline brought about more relief than carbamazepine 

in o ne study 199 ı _ Refractory cases can be referred for 

intravenous lidoca ine 1100ı , baclofen or morphine intratheca l 

pumps or even deep brain stimulation. 

Spasticity after stroke can alsa lead to painful spasms 

and interference with movement. Exercise is the primary 

treatment of spasticity, but pharmacotherapy with baclofen 

or t izanid ine (Zanaflex R)l'° 1 ı can be helpful in red ucing 

clonus and pa inful spasms. lnjections of botulinum toxin 

have been shown beneficia l for wrist and finger spasticity 

after st roke ( 102 ı . For refractory cases, phenol nerve blocks, 

intratheca l baclofen pumps 1103
\ and surg ical procedures 

such as tendon transfers can be considered . 

Post-stroke seizu res are one of the more common 

compl ications of stroke. Early seizures, defineci as those 

occurring in the first week after a stroke, occur in 4-6% 

of acute stroke pat ients 1104ı _ Most occur with in the f irst 

24 hours, before pat ients enter a rehabilitation faci lit y. 

Delayed seizures are more common, occurring in as many 

as 20% of patients w it h cortica l strokes, less than 1 O 

percent of subcort ica l strokes 1 1 05ı . Delayed se izures may 

occur from weeks to months after a stroke, but they can 

occur even a year after onset. Early seizures do not generally 

predict late se izures (104
· 1°5 ı _ Seizures do not appear to affect 

rehabi litation outcome 1106ı . Prophylactic therapy to prevent 

seizures is not recommended, since the likelihood of adverse 

effects is greater than the expected benefit. Treatment of 

seizures is undertaken w ith one antiepileptic drug . Since 

phenytoin, carbamazepine, and phenobarbital may slow 

stroke recovery 170 ı , valproic acid and gabapentin may be 

favored antiepileptic drugs. 

Post-stroke depression is a major impediment to 

successful stroke rehabilitation. Studies have shown an 

increased incidence of depression in patients with left as 

opposed to right hemisphere strokes, especially anterior 

left hemisphere strokes 1108
·
109>. Not all studies have confirmed 

these findings (ı10- 112ı . Right hemisphere stroke patients may 

have indifference rather than depression in the early post­

stroke period, but later they become dysphoric and 

depressed. The interhemisphere difference in depression 

may cease to exist by four months after stroke ımı _ Early 

identification of post-stroke depression and treatment with 

antidepressant medications and supportive counseling is 

essential. Reding and colleagues 1114ı found that the 

antidepressant trazodone was more effective than placebo 

in improving ADL's in depressed stroke patients. Robinson 

and colleagues 1115ı reported that nortriptyline was superior 

to fluoxetine in the treatment of post-stroke depression. 

in general, however, the se lect ive serotonin reuptake 

inhib itors such as f luoxetine, sertraline, paroxetine, 

citalopram, and excitalopram are better tolerated than 

trad itiona l tricyclic antidepressant drugs and less li ke ly to 

cause sedation . Emotiona l labil ity, or patholog ical laughter 

and crying, is also frequently seen in stroke patients 1116
·
11 1!_ 

Occasionally, behaviora l prob lems such as mania 11
"·

118
\ 

aggressive behavior 1119ı , and delirium 1120ı are problematic 

in stroke patients and must be treated . 

CONCLUSION 

More than 500,000 patients survive strokes each year in 

the United States, and increasing resources are being 

devoted to stroke rehabilitation. Basic neuroscience insights 

into cortical reorganization after injury are increasingly 

shaping new rehabilitative therapies, and new techn iques 

are developing rap idly. Practical evidence favors intensive 

rehabilitation programs for patients who are alert and able 

to cooperate but have moderate stroke deficits, while 

more severely affected patients should probably be treated 

in subacute or skilled nursing facilities until their progress 

justifies transfer to an inpatient un it. Medical complications 

of stroke are important determinants of the success of 

rehabilitation. Studies of the efficacy of specific therapy 

techniques, with measurement of cortical remodeling by 

brain imaging parameters, are strongly needed in stroke 

rehabi litation. 



REFERENCES 
1. Gresham GE, Fitzpatrick TE, Wolf PA, et al. Residual disability in 

survivors of stroke - the Framingham study. New Engl J Med 1975; 

293 954-56. 

2. Hoenig H, Horner RD, Duncan PW, et al. New horizons in stroke 

rehabilitation research. J Rehab Res Dev 1999;36: 19-31. 

3. Bach-Y-Rita P. Brain plasticity as a basis for recovery of function in 

humans. Neuropsychologia 1990;28:547[ en]554. 

4. Cramer SC, Chopp M. Recovery recapitulates ontogeny. Trends 

Neurosci 2000;28:265-271 

5. Nudo RJ, Milliken GW. Reorganization of movement representations 

in primary motor cortex following foca l ischemic infarcts in adult 

squirrel monkeys. J Neurophysiology 1996;75:2144-49. 

6. Nudo RJ, Wise B, SiFuentes, Milliken GW. Neural substrates for the 

effects of rehabilitative t ra in ing on motor recovery after ischemic 

infarct. Science 1996;272: 1791-94 . 

7. Dettmers C, Stephan KM, Lemon RN, Frackowiak RSJ. Reorganization 

of the executive motor system after stroke. Cerebrovasc Dis 1997; 

7:187-200. 

8. Nelles G, Spiekermann G, Jueptner, et al . Evolution of functional 

reorgan ization in hemiplegic stroke: A serial positron emission 

tomographic activation study. Ann Neurol 1999;46:901-909. 

9. Weiller C. Recovery from motor stroke: human positron emission 

tomography studies. Cerebrovasc Dis 1995;5·282-291. 

1 O. Rowe JB, Frackowiak. The impact of brain imag ing technology on 

our understanding of motor function and dysfunction. Current 

Opinion in Neurobiology 1999;9 728-734. 

11. Zemke AL, Heagerty PJ, Lee C, Cramer SC. Motor cortex 

reorganization after stroke is related to side of stroke and level of 

recovery. Stroke 2003;34:e23-8. 

12. Taub E, Miller NE, Novack TA, et al. Technique to improve chronic 

motor deficit after stroke . Arch Phys Med Rehabil 1993;74: 

347-354. 

13. Liepert J, Bauder H, Miltner WHR, et al. Treatment-induced cortical 

reorganization after stroke in humans. Stroke 2000;31: 1210-1216. 

14. Kunkel A, Kopp B, Muller G, et al. Constraint-induced movement 

therapy for motor recovery in chronic stroke patients. Arch Phys 

Med Rehabil 1999;80:624-628. 

15. Page SJ, Sisto S, Johnston MV, Levine P. Modified constraint-induced 

therapy after subacute stroke: a preliminary study. Neurorehabil 

Neural Repair 2002; 16:290-295. 

16. Dromerick AW, Edwards DF, Hahn M Does the application of 

constraint-induced movement therapy during acute rehabilitation 

reduce arm impairment after ischemic stroke7 Stroke 2000;31 · 

2984-2988. 

17. Levy CE, Nichols DS, Schmalbrock PM, et al. Functional MRl evidence 

of cortical reorgan izat ion in upper-limb stroke hemiplegia t reated 

with constraint-induced movement therapy. Am J Phys Med Rehabil 

2001; 80:4-12. 

18. Schaechter JD, Kraft E, Hilliard TS, et al. Motor recovery and cortical 

reorganization after constraint-induced movement therapy in stroke 

patients: a preliminary study. Neurorehabil Neural Repair 2002; 

16 326-338. 

19. Elbert T, Pantev C, Wienbruch Cet al. lncreased cortical representation 

of the fingers of the left hand in string players. Science 1995; 

270 305[en]307. 

20 . Pascual-Leone A, Wassermann EM, Sadato N, Hallet M. The role 

of reading activity on the modulation of motor cortical outputs to 

the reading hand in Braille readers. Ann Neurol 1995;38:91 0[en]915. 

21. Sterr A, Muller MM, Elbert T et al. Changed perceptions in Bra ille 

readers. Nature 1998;391 :134-135. 

22. Hillis AE, Barker P, Beauchamp N, et al . MR perfusion imag ing 

reveals regions of hypoperfusion associated w ith aphasia and 

Neglect. Neurology 2000; 55 782-788. 

23. Hi llis AE, Wityk RJ, Tuffiash E, et al. Hypoperfusion of Wernicke's 

area predicts severity of semantic deficit in acute stroke. Ann Neurol 

2001 ;50561-566. 

24. Kirshner HS. Behavioral neurology in the Emergency Room: Language 

testing, brain imag ing, and acute stroke therapy. Ann Neurol 

2001 ;50559-560. 

25. Cappa SF, Perani D, Grassi F, et al. A PET follow-up study of recovery 

after stroke in acute aphasics. Brain Lang 1997; 56: 55-67. 

26. Weiller C, lsensee C, Rijintes M et al. Recovery from Wernicke's 

aphasia: a positron emission tomographic study. Ann Neurol 

1995;37 723-732 . 

27. Thulborn KR, Carpenter PA, Just MA. Plasticity of language-related 

brain function during recovery from stroke. Stroke 1999;30: 

749-754. 

28. Heiss WD, Kess ler J, Karbe H, et al. Cerebral glucose metabolism 

as a predictor of recovery from aphasia in ischemic stroke. Arch 

Neurol 1993;50 958-964. 

29. Heiss W-D, Kessler J, Thiel A, et al. Differential capacity of left and 

right hemispheric areas for compensation of poststroke aphasia. 

Ann Neu rol 1999;45:430-438. 

30. Perani D, Vallar G, Paulesu E, et al. Left and right hemisphere 

contribution to recovery from neglect after right hemisphere 

damage-An [ 18F]FDG PET study of two cases. Neuropsychologia 

1993;31 :115-125. 

31. Pizzamiglio L, Perani D, Cappa SF, et al. Recovery of neglect after 

right hemispheric damage. H2 150 positron emission tomographic 

activation study. Arch Neurol 1998;55:561-568. 

32. Ferro JM, Mariano G, Madu reira S. Recovery from aphasia and 

neglect. Cerebrovasc Dis 1999;9:6-22. 

33. Barer DH, Mitchell JRA. Predicting the outcome of acute stroke: do 

multivariate models help7 Quart J Med 1989;70:27-40. 

34. Alexander MP. Stroke rehabi litation outcome. A potential use of 

predictive variables to establish levels of care. Stroke 1994;2 5: 

128-134. 

35 . Reding MJ, Potes E. Rehabilitation outcome following initial unilateral 

hemispheric stroke: life table analysis approach. Stroke 1988;19: 

1354-58. 

36. Olsen TS. Arm and leg paresis as outcome predictors in stroke 

rehabilitation. Stroke 1990;21 247-251. 

37. Gompertz P, Pound P, Ebrahim S. Predicting stroke outcome: Guy's 

prognostic score in practice. J Neurol Neurosurg Psychiat 1994;57: 

932-35. 

38. Kalra L, Eade J, Wittink M. Stroke rehabil itation units: randomized 

trials and mainstream practice. Cerebrovasc Dis 1996;6:266-271. 

39. Kaste M, Olsen TS, Orgogozo, et al. Organization of stroke care: 

education, stroke units, and rehabilitation. Cerebrovasc Dis 2000; 

1 O (suppl 3) 1-11. 

40. dePedro-Cuesta J, Widen-Holmqvist L, Bach-y-Rita P. Evaluation of 



stroke rehabilitation by randomized controlled studies: a review. 

Acta Neurol Scand 1992;86:433-439. 

41. Ottenbacher K, Jannell S. The results of clinical trials in stroke 

rehabilitation research. Arch Neurol 1993;50:37-44. 

42. Holloway RG, Benesch CG, Rahilly CR, Courtright CE. A systematic 

review of costeffectiveness research of stroke evaluation and 

treatment. Stroke 1999;30: 1340-1349. 

43. Wertz RT, Weiss DG, Aten J, et al. Comparison of clinic, home, 

and deferred language treatment for aphasia: a Veterans 

Administration cooperative study. Arch Neurol 1986;43:653-658. 

44. Lincoln NB, Mulley GP, Jones AC, et al. Effectiveness of speech 

therapy for aphasic stroke patients: A randomized controlled trial. 

Lancet 1984; 1: 1197-1200. 

45. Bhogal SK, Teasell R, Speechley M. lntensity of aphasia therapy, 

lmpact on recovery. Stroke 2003;34:987-993. 

46. Hartman J, Landau WM. Comparison of forma! language therapy 

with supportive counseling for aphasia due to acute vascular 

accident. Arch Neurol 1987;44:646-649. 

47. Kagan A, Black SE, Duchan JF, et al. Training volunteers as 

conversation partners using "Supported Conversation for Adults 

With Aphasia" (SCA): A controlled trial. Journal of Speech, 

Language, and Hearing Research 2001 ;44:624-638. 

48. Whurr R, Lorch MP, Nye C. A meta-analysis of studies carried out 

between 1946 and 1988 concerned with the efficacy of speech 

and language therapy treatment for aphasic patients . European 

Journal of Disorders of Communication 1992;27:1-17. 

49. Robey RR. A meta-analysis of clinical outcomes in the treatment of 

aphasia. J Speech Lang Hear Res 1998;41:172-187. 

50. Gresham GE, Duncan P, Stason W, et al. Post-Stroke Rehabilitation: 

Assessment, Referral and Patient Management: Clinical practice 

guideline, No 16, Agency for Health Care Policy and Research Pub 

No. 95-0663, May, 1995, Rockville, MD. 

51. Keith RA, Wilson DB, Gutierrez P. Acute and subacute rehabilitation 

for stroke: a comparison . Arch Phys Med Rehabil 1995;76:495-500. 

52. Kramer AM, Steiner JF, Schlenker RE, et al. Outcomes and costs 

after hip fracture and stroke. A comparison of rehabilitation settings. 

JAMA. 1997;277:396-404. 

53. Kwakkel G, Wagenaar RC, Koelman TW, Lankhorst GJ, Koetsier 

JC. Effects of intensity of rehabilitation after stroke. A research 

synthesis. Stroke 1997;281550-1556. 

54. Muellbacher W, Richards C, Ziemann U, et al. lmproving hand 

function in chronic stroke. Arch Neurol 2002;59: 1278-1282. 

55. Krebs Hl , Volpe BT, Aisen ML, Hogan N. lncreasing productivity 

and quality of care: Robot aided neuro-rehabili tation. J Rehab 

Research and Dev 2000;37:639-652. 

56. Lum PS, Burgar CG, Shor PC, et al. Robot-assisted movement training 

compared with conventional therapy techniques for the rehabilitation 

of upper-limb motor function after stroke. Arch Phys Med Rehabil 

2002;83:952-959. 

57. Sullivan KJ, Knowlton BJ, Dobkin BH. Step training with body weight 

support: effect of treadmill and practice paradigms on poststroke 

locomotor recovery. Arch Phys Med Rehabil 2002;83:683-691. 

58. daCunha iT, Um PA, Qureshy H, et al. Gait outcomes after acute 

stroke rehabilitation w ith supported treadmill ambulation training: 

a random ized controlled pilot study. Arch Phys Med Rehabil 

2002;831258-1265. 

59. Cauraugh JH, Kim S. Two coupled motor recovery protocols are 

better than one: electromyogram-triggered neuromuscular stimulation 

and bilateral movements. Stroke 2002;33: 1589-94. 

60. Boroojerdi B, Phipps M, Kopylev L, et al. Enhancing analogica l 

reasoning with repetitive transcranial magnetic stimulation of the 

left prefrontal cortex. Neurology 2001 ;56:526-528. 

61. Triggs WJ, Kirshner HS. lmproving brain function with transcranial 

magnetic stimulation? Neurology 2001 ;56:429-430. 

62. Brighina F, Bisiach E, Oliveri M, et al. 1 Hz repetitive transcranial 

magnetic stimulation of the unaffected hemisphere ameliorates 

contralesional visuospatial neglect in humans. Neurosci Lett 

2003;336: 131 -133. 

63. Kondziolka D, Wechsler L, Goldstein S, et al. Transplantation of 

cultured human neuronal cells for patients with stroke. Neurology 

2000;55:565-569. 

64. Nadareishvili Z, Hallenbeck J. Neuronal regeneration after stroke. 

N Engl J Med 2003;348 2355-2356. 

65. Albert ML, Bachman DL, Morgan A, Helm-Estabrooks N. 

Pharmacotherapy for aphasia. Neurology 1988;38:877-879. 

66. Gupta SR, Mlcoch AG, Scolaro C, Mortiz T. Bromocriptine treatment 

of nonfluent aphasia. Neurology 1995;45:865-871. 

67. Crisostomo EA, Duncan PW, Propst MA, Dawson DV, Davis JN. 

Evidence that amphetamine with physical therapy promotes recovery 

of motor function in stroke patients. Ann Neurol 1988;23:94-97. 

68. Walker-Batson D, Smith P, Curtis S, et al. Amphetamine paired with 

physical therapy accelerates motor recovery after stroke. Further 

evidence. Stroke 1995;26:2254-2259. 

69. Walker-Batson D. Use of pharmacotherapy in the treatment of 

aphasia. Brain Lang 2000;71 252-254. 

70. Goldstein LB, and the Sygen in Acute Stroke Study lnvestigators. 

Common drugs may influence motor recovery after stroke. Neurology 

1995;45:865-871. 

71. Arron MJ, McDermott MM, Dolan N, Lefevre F. Management of 

medical compl ications associated with stroke. Heart Disease and 

Stroke 1994;3 103-109. 

72. Kalra L, Yu G, Wilson K, Roots P. Medical complications during 

stroke rehabilitation. Stroke 1995;26:990-994. 

73. Davenport RJ, Dennis MS, Wellwood 1, Warlow CP. Complications 

after acute stroke. Stroke 1996;27:415-420. 

74. van der Worp HB, Kappelle LJ. Complications of acute ischemic 

stroke. Cerebrovasc Dis 1998;8: 124-132. 

75. Johnston KC, Li JY, Lyden PD, et al. Medical and neurological = 

complications of ischemic stroke. Experience from the RANTT AS 

trial. Stroke 1998;29:447-453. 

76. Meschia JF, Bruno A Post-stroke complications. Epidemiology and 

prospects for pharmacolog ical intervention during rehabilitation. 

CNS Drugs 1998;9:357-370. 

77. Gordon C, Hewer RL, Wade DT. Dysphagia in acute stroke. BMJ 

1987;295:411-416. 

78. Robbins J, Levine RL, Maser A, et al. Swallowing after unilatera l 

stroke of the cerebral cortex. Arch Phys Med Rehabil 1993;74: 1295-

1300. 

79. Mann G, Dip PG, Hankey GJ, Cameron D. Swallowing function 

after stroke. Prognosis and prognostic factors at 6 months. Stroke 

1999;30 744-748 . 

80. DePippo KL, Halas MA, Reding MJ. Validation of the 3-oz water 



swallow test for aspiration following stroke. Arch Neurol 1992; 12: 

1259-1261. 

81. McCullough GH, Wertz RT, Rosenbek JC. Sensitivity and specificity 

of clinicaljbedside examination signs for detecting aspiration in 

adults subsequent to stroke. J Commun Disord 2001 ;34:55-72. 

82. DePippo KL, Holas MA, Reding MJ, et al. Dysphagia therapy following 

stroke: a controlled trial. Neurology 1994;44: 1655-60. 

83. Consensus conference. Prevention of venous thrombosis and 

pulmonary embolism. JAMA 1986;256:744-749. 

84. Wijdicks EFM, Scott JP. Pulmonary embolism associated w ith acute 

stroke. Mayo Clin Proc 1997;72:297-300. 

85. Turpie AGG, Hirsh J, Jay RM, et al. Double-blind randomized trial 

of Org 10172 low-molecular-weight heparinoid in prevention of 

deep-vein thrombosis in thrombotic stroke. Lancet 1987;1 :523-526. 

86. Fowler CJ. Neurological disorders of micturition and their treatment. 

Brain 1999;122:12 13- 1231. 

87. Jiminez J, Morgan PG. Predicting improvement in stroke patients 

referred for inpatient rehabilitation. Can Med Assoc J 1979; 121: 

1481-1484. 

88. Wade DT, Hewer RL. Outlook after an acute stroke: urinatry 

incontinence and loss of consciousness compared in 532 patients. 

Quart J Med 1985;56:601 -608. 

89. Bray GP, DeFrank RS, Wolfe TL. Sexual functioning in stroke survivors. 

Arch Phys Med Rehabil 1981 ;62:286-288. 

90. Korpelainen JT, Nieminen P, Myllyla VV. Sexual functioning among 

stroke patients and their spouses. Stroke 1999;30:715-719. 

91. Coslett HB, Heilman KM. Male sexual function. lmpairment after 

right hemisphere stroke. Arch Neurol 1986;43: 1036-1039. 

92. Evans JM, Andrews KL, Chutka DS, et al. Pressure ulcers: prevention 

and management. Mayo Clin Proc 1995;70:789-799. 

93. Allman RM, Goode PS, Patrick MM, et al. Pressure ulcer risk factors 

among hospitalized patients w ith activity limitation. JAMA 1995;273: 

865-870. 

94. Smith RG, Cruikshank JG, Dunbar S, Akhtar AJ. Malal ignment of 

the shoulder after stroke. BMJ 1982;284: 1224-26. 

95. Poduri KR. Shoulder pain in stroke patients and its effects on 

rehabilitation. J Stroke Cerebrovasc Dis 1993;3:261 -266. 

96. Braus DF, Krauss JK, Strobel J. Shoulder-hand syndrome after stroke: 

a prospective clinical trial. Ann Neurol 1994;36:728-33. 

97. Nyberg L, Gustafson Y. Patient falls in stroke rehabilitation. A 

challenge to rehabilitation strategies. Stroke 1995;26:838-842. 

98. Tinetti ME. Preventing falls in elderly persons. New Engl J Med 

2003;348:42-49. 

99. Leijon G, Boivie J. Central post-stroke pain-a controlled tria l of 

amitriptyline and carbamazepine. Pain 1989;36:27-36. 

100. Edmondson EA, Simpson RK, Stubler DK, Beric A. Systemic lidocaine 

therapy for poststroke pain. Southern Med J 1993;86: 1093-1096. 

101. Gelber DA, Good DC, Dromerick A, et al. Open-label dose-titration 

safety and efficacy study of tizanidine hydrochloride in the treatment 

of spasticity associated with chronic stroke. Stroke 2001 ;32: 

1841-1846. 

102. Brashear A, Gordon MF, Elovic E, et al. lntramuscular injection of 

botulinum toxin for the t reatment of wrist and finger spasticity 

after a stroke. N Engl J Med 2002;347:395-400. 

103. Meythaler JM, Guin-Renfroe S, Hadley MN. Continuously infused 

intrathecal baclofen for spastic/dystonic hemiplegia. A preliminary 

report. Am J Phys Med Rehabil 1999;78:247-254. 

104. Labovitz DL, Hauser WA, Sacco RL. Prevalence and predictors of 

early seizure and status epilepticus after first stroke. Neurology 

2001 ;57:200-206. 

105. Bladin CF, Alexandrov A, Belavance A, et al. Seizures after stroke. 

A prospective multicenter study. Arch Neurol 2000;57: 1617-1622. 

106. Silverman IE, Restrepo L, Mathews GC. Poststroke seizures. Arch 

Neurol 2002;59: 195-202. 

107.Paolucci S, Silvestri G, Lubich S, Pratesi L, Trabellesi M, Gigli GL. 

Poststroke late seizures and their role in rehabilitation of inpatients. 

Epi lepsia 1997 ;38:266-270. 

108. Robinson RG. Neuropsychiatric consequences of stroke. Ann Rev 

Med 1997;48:217-229. 

109. Robinson RG, Kubos KL, Starr LB, et al. Mood disorders in stroke 

patients: importance of lesion localization Brain 1984;107:81-93. 

11 O. Sinyor D, Jacques P, Kaloupek DG, et al. Poststroke depression 

and lesion localization: an attempted replication. Brain 1986; 109: 

537-546. 

11 1. Kim JS, Choi-Kwon S. Post-stroke depression and emotional 

incontinence. Correlation with lesion location. Neurology 2000;54: 

1805-181 O. 

112. Ghika-Schmid F, Bogousslavsky J. Affective disorders following 

stroke. Eur Neurol 1997;38:75-81. 

113. Robinson RG. An 82-year-old woman with mood changes following 

a stroke . Clin ical Crossroads. JAMA 2000;283:1607- 1614. 

114. Reding MJ, Orto LA, Winter SW, et al. Antidepressant therapy 

after stroke. A double-blind trial. Arch Neurol 1986;43:763-765. 

115. Robinson RG, Schultz SK, Castillo C, et al. Nortriptyline vs. fluoxetine 

in the treatment of depression and short-term recovery following 

stroke: a placebo controlled double-blind study. Am J Psychiatry 

2000; 157:351-359. 

116. Robinson RG, Parikh RM, Lipsey JR, Starkstein SE, Price TR. 

Pathological laughing and crying following stroke: validation of 

a measurement scale and a double-blind treatment study. Am J 

Psychiatry 1993; 150:286-293. 

117. Starkstein SF, Pearlson GD, Boston J, Robinson RG. Mania after 

brain injury. A controlled study of causative factors. Arch Neurol 

1987;44: 1069-1073. 

118. Starkstein SE, Boston JD, Robinson RG. Mechanisms of mania 

after brain inju ry. 12 case reports and review of the literature. J 

Nerv Ment Dis 1988;176:87-100. 

119. Paradiso S, Robinson RG, Arndt S. Self-reported aggressive behavior 

in patients with stroke. J Nerv Ment Dis 1996; 184:746-753 . 

120. Reding MJ, Gardner C, Hainline B, Devinsky O. Neuropsychiatric 

problems interfering with inpatient stroke rehabilitation. J Neuro 

Rehab 1993;7:1-7. 



CURRICULUM VITAE 
Howard S. Kirshner, M.D. 

Present Position 
Professor of Neurology, Psychiatry, and Hearing and Speech 

Sciences Vice Chairman, Department of Neurology 

Vanderb ilt University School of Medicine 

Director, Vanderbilt Stroke Center Program Director, Stroke 

Service, Vanderbilt Stal lworth Rehabilitation Hospital 

Staff Neurologist, Nashville Veterans Administration Medical 

Center 

Consu ltant, St. Thomas Hospital 

Past Positions 
Associate Professor, Neurology and Hearing and Speech 

Sciences 1983-1987 

Ass istant Professor, Neurology 1978-1983 

Assistant Professor, Division of Hearing & Speech Sciences 

1980-1983 Vanderb ilt University Schoo l of Medicine 

Born 
Bryn Mawr, Pennsylvania July 11, 1946 

Military Service 
U.S.P.H.S., Active Duty July 1973-June 1975 

Reserve, July 1975-1980 

Education 
Williams Col lege, Wi lliamstown, Massachusetts 1964-1968, 

B.A. Summa Cum Laude 

Harvard Medical School, Baston, Massachusetts 1968-

1972, M.D. Cum Laude 

Postg rad uate 
Massachusetts General Hospital Training lntern in Medicine 

1972-1 973 

Laboratory of Perinatal Physio logy National lnstitute of 

NICDS (Neurological and Communicative Disorders and 

Strok Staff) Associate 1973-1975 

Massachusetts General Hospital Resident in Neurology 

1975-1978 

Clinical Fellow in Neurology Harvard Medical School 1975-

1978 

Research Support 
"Modality Analysis of Aphasic Deficits Followi ng Stroke" 

National lnstitute of Neurological and Communicative 

Disorders and Stroke, Teacher lnvestigator Award 

#5K07NS00429-04 1979-1984 

Co-lnvestigator "Prospective Randomized Study of Asymp­

tomatic Carotid Artery Disease" 

HL 14 192-12 Project 4, Project No. 281 

Co-lnvestigator "Swallowing Disorders in Neurologic 

Disease" University Research Council 1983-1984 

Principal lnvestiga tor, Genentech multicenter Trial of tPA 

in acute stroke; ATLANTIS trial, Phase iV tPA trial 

Co-l nvestigator, "Pilot Eva luation of Nimodipine to Delay 

Progression of Cerebrovascular Dementia", NINDS 

Principal lnvestigator, Stroke Treatment w ith Ancrod 

Therapy (STAT), Knoll Pharmaceuticals 

Principal investigator, Wa rfarin Aspirin Recurrent Stroke 

Study (WARSS), NINDS 

Principal lnvestigator, Tirilizad trial in acute stroke, Upjohn 

Pharmaceuticals 

Principal lnvestigator, Clometh iazole in acute stroke, Astra 

Pharmaceuticals 

Principal lnvestigator POST trial, Bristol Myers Squ ibb 

Principal lnvestigator, Stroke Prevention w ith Aggressive 

Cholesterol Lowering (SPARCL), Parke-Davis, Pfizer 

Principal lnvestigator, African American Antiplatelet Stroke 

Prevention Study, NIH 

Principa l lnves tigator , Warfar in Aspirin Stroke and 

lntracranial Stenosis Study, NIH 

Principal lnvestigator, Pfizer Acute Stroke Study 

Principal lnvestigator, Artist Study (Yamanouchi) 

Principal lnvestigator, MATCH study, Sanofi 

Principal lnvestigator, Warfarin Aspirin Low Cardiac Ejection 

Study FRACTION (WARCEF), NIH 

Reviewer 
NINCDS site visitor 1983, 1986. Special Study Section, 

1986, 1990. VA special reviewer. 

American Heart Association, Stroke grant reviewer, 1999 

NICHD, Special Study Section reviewer, 8/2002 

Reviewer for Archives of Neurology, Southern Med ical 

Journal , Neurology, Anna ls of Neurology, Dysphagia, 

Neurocase, New England J Med 

Editorial Board 
Neurology, 1996-2001 Emedicine (editor, manag ing editor) 

Honors 
Phi Beta Kappa Alpha Omega Alpha 

Societies 
American Academy of Neurology 

Junior Member 1975-1980 

Active Member 1980-1983 

Fellow, 1984-present 

Member, AAN Essay Award Subcommittee 1991-97 

Course Director: Speech and Language Disorders, 2000 

~ _,' 55 



annual meeting, 2002 annual meeting 

American Neurological Association Fellow, 1986-present 

National Aphasia Association Medical and Scientific Board, 

1987-present 

Aesculapian Club of Harvard Medical School 1972-present 

Nashville Academy of Medicine 1978-present 

Tennessee Medical Association 1978-present 

Delegate to the Tennessee Medical Association 1987-1989 

and 1998-2000, Alternate Delegate 2001-

American Medical Association 1982-present 

Academy of Aphasia 1979-present 

Local Arrangements Chairman for Nashville Meeting, 

October 1986 

Fellow, American Heart Association Stroke Council 1981-

present 

Representative to Tennessee Division of American Heart 

Association, 1994-1997; 

Member, 5-state Southeast Regional Board, 1998-2000 

Operation Stroke, Nashville, Director of Professional Advisory 

Board 2000-present 

The American Society for Neurological lnvestigation 1981-

present; 

Emeritus 1986-present Behavioral Neurology Society 1981-

present 

Multiple Sclerosis Society, Middle Tennessee Chapter, Board 

Member 1985-2000 

National Stroke Association 

Licensure 

Tennessee #11196, 1978 

Board Certification 

American Board of Psychiatry and Neuro logy, 1980 

American Board of Neurorehabilitation, 1992 

Committees 

Faculty Senate, Vanderbilt University, 1994-96 Medical 

School Advisory Council 1979-81 VPPP committee 1980-

1990 Departmental committees on med ical student and 

Resident education, Clinical practice committee, Promotions 

committee, Resident interview committee 

Clerkship director 

Medical Student Clerkship Director, Neurology, Vanderbilt 

University School of Medicine, 1981-

56 --.' 

CURRICULUM VITAE 

Howard S. Kirshner, M.D. 

Mevcut Görevi 

Nöroloji Profesörü, Psikiyatri ve İşitme ve Konuşma Bilimleri 

Profesörü, 

Başkan Yardımcısı, Nöroloji Bölümü Vanderbilt Üniversitesi 

Tıp Fakültesi, 

Direktör, Vanderbilt İnme Merkezi, Nashville, TN, ABD, 

Program Direktörü, İnme Servisi, Vanderbilt Stallworth 

Rehabilitasyon Hastanesi, 

Uzman Nörolog: Nashville Veteran Tıp Merkezi, 

Danışman: St. Thomas Hospital. 

Geçmiş Görevler 

Doçent, Nöroloji ve İşitme ve Konuşma Bilimleri 1983-1987 

Yardımcı Doçent, Nöroloj i 1978-1983 

Yardımcı Doçent, İşitme & Konuşma Bilimleri Bölümü 1980-

1983 

Vanderbilt Üniversitesi Tıp Fakültesi 

Doğum Yeri & Tarihi 

Bryn Mawr, Pennsylvania 11 Temmuz 1946 

Askerlik hizmeti 

U.S.P.H.S., 

Aktif Görev Temmuz 1973-Haziran 1975 

Yedek, Temmuz 1975-1980 

Eğitim 

Wi ll iams Koleji, Williamstown, Massachusetts 1964-1968, 

B.A. Summa Cum Laude 

Harvard Tıp Okulu, Bostan, Massachusetts 1968-1972, 

M.D. Cum Laude 

Mezuniyet Sonrası Eğitim 

Massachusetts Kamu Hastanesi, Nöroloji asistanı, 

Dahiliye 1972-1973, rotasyon 

Perinata l Fizyoloji Laboratuvarı, rotasyon 

Nörolojik Bozukluklar, iletişim Bozuklukları ve İnme Enstitüsü 

(N INCDS) Uzman Yard ımc ı s ı 1973-1975 

Massachusetts Kamu Hastanesi Nöroloji As i stan ı 1975-

1978 

Nöroloji Klinik Uzmanı Harvard Tıp Okulu 1975-1978 

Araştırma Desteği 

"Modality Ana lysis of Aphasic Deficits Following Stroke" 

National lnstitute Nörolojik Bozukluklar ve İletişim 

Bozuklukları ve inme Ulusal Enstitüsü Eğitmen Araştırmacı 

Ödülü #5K07NS00429-04 1979-1984 

Ortak Araştırmacı "Prospective Randomized Study of 



Asymptomatic Carotid Artery Disease" HL 14 192-12 Proje, 

Proje No. 281 

Ortak Araştırmacı "Swal lowing Disorders in Neurologic 

Disease" Üniversite Araştırma Konseyi 1983-1984 

Ana Araştırmacı, Genentech multicenter Trial of tPA in 

acute stroke; ATLANTIS çalışması, Faz iV tPA çalışması 

Ortak Araştırmac ı, "Pilot Evaluation of Nimodipine to Delay 

Progression of Cerebrovascular Dementia", NINDS 

Ana Araştırmacı, Stroke Treatm ent with Ancrod Therapy 

(STAT), Knoll Pharmaceuticals 

Ana Araştırmacı , Warfa rin Aspirin Recurrent Stroke Study 

(WARSS), NINDS 

Ana Araştırmacı, Tirilizad trial in acute stroke, Upjohn 

Pharmaceuticals 

Ana Araştırmacı, Clomethiazole in acute stroke, Astra 

Pharmaceuticals 

Ana Araştırmacı POST çalışması, Bristol Myers Squibb 

Ana Araştırmacı, Stroke Prevention with Aggressive 

Cholesterol Lowering (SPARCL), Parke-Davis, Pfizer 

Ana Araştırmacı, African American Antiplatelet Stroke 

Prevention Study, NIH 

Ana Araştırmacı, Warfarin Aspirin Stroke and lntracranial 

Stenosis Study, N IH 

Ana Araştırmacı, Pfizer Acute Stroke Study 

Ana Araştırmacı, Artist Study (Yamanouchi) 

Ana Araştırmacı, MATCH study, Sanofi 

Ana Araştırmacı, Warfarin Aspirin Low Cardiac Ejection 

Study FRACTION (WARCEF), NIH 

Değerlendirici 

NINCDS ziyaretçisi 1983, 1986. Özel Çalışma Bölümü, 

1986, 1990. VA special reviewer. 

American Heart Association, Stroke grant reviewer, 1999 

NICHD, Özel Çalışma Bölümü Değerlendiricisi, 8/2002 

Archives of Neurology, Southern Medical Journal, Neurology, 

Annals of Neurology, Dysphagia, Neurocase, New England 

J Med dergilerinde değerlendirici 

Editoryal Kurul 
Neurology, 1996-2001 

Emedicine (editör, yönetici editör) 

Mezuniyet Dereceleri 
Phi Beta Kappa Alpha Omega Alpha 

Dernekler 
American Academy of Neurology (Amerikan Nöroloji 

Akademis i) 

Yeni Üye 1975-1980 

Aktif Üye 1980-1983 

Fellow, 1984- halen sürüyor 

Üye, AAN Essay Ödülü Alt komitesi 1991-97 

Kurs Direktörü: Konuşma ve Dil Bozuklukları, 2000 ve 2002 

yıllık toplantısı 

American Neurological Association (Amerikan Nöroloji 

Derneği) Fellow, 1986-halen sürüyor 

National Aphasia Association (Ulusal Afazi Derneği) 

Medikal ve Bilimsel Kuru l, 1987- halen sürüyor 

Aescu lapian Club of Harvard Medical School (Harvard Tıp 

Okulu Eskülap Klübü) 1972- halen sürüyor 

Nashville Academy of Medicine (Nashvi lle Tıp Akademis i) 

1978- halen sürüyor 

Tennessee Tıp Derneği 1978- halen sürüyor 

Tennessee Tıp Derneği Temsilcisi 1987-1989 ve 1998-2000, 

Temsilci Vekili 2001-halen sürüyor 

Amer ican Medical Association (Amerikan Tıp Derneği) 

1982- halen sürüyor 

Academy of Aphasia (Afazi Akademisi) 1979- halen sürüyor 

Nashville Toplantısı Lokal Düzenlemeler Başkanı, Ekim 1986 

Fellow, Amerikan Kalp Derneği İnme Konseyi 1981- halen 

suruyor 

Amerikan Kalp Derneği Tennessee Bölümü Temsilcisi, 1994-

1997; Üye, 5-state 

Güneydoğu Bölgesel Kurulu, 1998-2000 

İnme Operasyonu, Nashville, Profesyonel Danışma Kurulu 

Direktörü 2000- halen sürüyor 

Amerikan Nörolojik Araştırma Derneği 1981-halen sürüyor; 

Emeritus 1986- halen sürüyor 

Davranışsa! Nöroloji Derneği 1981- halen sürüyor 

Multipl Skleroz Derneği, Orta Tennessee Bölüm, Kurul Üyesi 

1985-2000 

Ulusal İnme Derneği 

Meslek Ruhsatı 
Tennessee #11196, 1978 

Kurul Sertifikası 
American Board of Psychiatry and Neurology (Amerikan 

Psikiyatri ve Nöroloji Kurulu), 

1980 American Board of Neurorehabilitation (Amerikan 

Nörorehabilitasyon Kurulu), 1992 

Komiteler 
Fakülte Senatosu, Vanderb ilt Üniversitesi, 1994-96 

Tıp Okulu Danışma Konseyi 1979-81 

VPPP komitesi 1980-1990 

Tıp öğrencisi ve Asistan (Resident) eğitim departmanı 

komiteleri, Klinik uygulama komitesi, 



Terfi komites i, Asistan mülakat komites i 

Yazmanlık direktörü 
Tıp Öğrenc i s i Yazma nlı k Direktö rü , Nöro loji , Vanderbilt 

Ünive rsites i T ı p Fakül tesi, 1981-halen sü rüyor 

BİBLİYOGRAFİ 

Howard S. Kirshner, M.D. 

1. Mezuniyet Tezleri 

1. Kirshner HS (1968). Endocrine Effects on hepatic glycogen metabolism 

in Rana Pipiens. B.A. Honors Thesis in Bio logy, Williams College . 

Will iamstown, MA. 

2. Kirshner HS (1972). Matching-to sample tests, eye movement studies, 

and analysis of behavior in patients with vascular brain lesions. M.D. 

Honors Thesis, Harvard Medical School, Bostan, MA. 

2. Akran Değerlendirmesi yapılan makaleleri 

1. Kirshner HS and Sidman M ( 1972). Scanning patterns in aphasic 

patients during matching-to-sample tests . Neuropsychologia 1 O: 

179-184. 

2. Kirshner HS, Blank, WF Jr., and Myers RE (1975). Brain extracellular 

potassium activity during hypoxia in the cat . Neurology 25: 

1001 -1005. 

3. Kirshner HS, Blank W F Jr., and Myers RE (1976). Changes in cortical 

subarachnoid fluid potassium concentrations during hypoxia. Archives 

of Neurology 33 :83-90. 

4. Blank WF, Jr. and Kirshner HS (1977). The kinetics of extracellular 

potassium changes during hypoxia and anoxia in the cat cerebral 

cortex . Brain Research 123: 113-124. 

5. Davis JM, Davis KR, Kirshner HS, et al ( 1978). Computed tomography 

of herpes simp lex encephalitis with cl inicopathological correlation . 

Radiology 129:409-417. 

6. Kirshner HS and Webb WG (1981). Selective involvement of the 

aud itory-verba l modality in an acquired communication disorder: 

Benefit from sign language therapy. Brain and Language 13: 

161-170. 

7. Lazaro RP and Kirshner HS (1980). Proximal muscle weakness in 

uremia: Case reports and review of the literature . Archives of 

Neurology 37:555-558. 

8. Duncan GW, Kirshner HS, and Stone WJ (1980). Cervical bruits in 

hemodialysis patients. Stroke 11 :672-674. 

9. Arnold E, Rudd S, and Kirshner HS (1980) . Manic psychosis following 

rapid withdrawa l from baclofen. American Journal of Psychiatry 

137:1466-1467. 

1 O. Kirshner HS, Webb WG, and Duncan GW (198 1 ). Word deafness 

in Wern icke's aphasia. Journa l of Neurology, Neurosurgery, and 

Psych iatry 44: 197-201. 

11. Peterson LN and Kirshner HS (1981 ). Gestural impairment and 

gestural abil ity in aphasia: A review . Brain and Language 14: 

333-348. 

12. Roback HS, Kirshner HS, Roback E (1981 -1982) . Physica l self­

concept changes in a mi ldly, facia lly disf igured neurofibromatosis 

patient fo llowing communication skili train ing. lnternational Journal 

of Psychiatry in Med icine 11: 137-143. 

13. Kirshner HS and Graber AL ( 1981 ). Painful diabetic peripheral 

neuropathy. Diabetes clinical care conference. Journal of the 

Tennessee Medical Association 74:594-595 . 

14. Kirshner HS and Webb WG (1982). Word and letter reading and 

the mechanism of the third alexia . Archives of Neurology 39: 

84-87. 

15. Oviatt DL, Kirshner HS, Stein RS (1982). Successful chemotherapeutic 

treatment of epidural compression in non-Hodgkin's lymphoma. 

Cancer 49:2446-2448. 

16. Kirshner HS, Staller J, Webb Wg, and Sachs P (1982). Transtentorial 

herniation with posterior cerebral artery territory infarction : A new 

mechanism of the syndrome of alexia with agraphia. Stroke 13: 

243-246. 

17. Kirshner HS and Webb WG (1982). Alexia and agraphia in Wernicke's 

aphasia. Journal of Neurology, Neurosurgery, and Psychiatry 45: 

719-724. 

18. Ki rshner HS, Kistler KH (1982) . Aphasia following right thalamic 

hemorrhage. Arch ives of Neurology 39:667-669. 

19. Kirshner HS, Webb WG, Kelly M, and Wells C (1984). Language 

disturbance: a presenting symptom of degenerative disorders and 

dementia. Archives of Neurology, 41 :491-496. 

20. Kirshner HS, Webb WG, Kel ly M (1984). The naming disorder of 

dementia. Neuropsychologia, 22:23-30. 

21. Runge VM, Price AC, Kirshner HS, Ailen JH, Partain LL, James AE 

(1984). Magnetic resonance imaging of mu ltiple sclerosis: A study 

of pulse-technique efficacy. Am J Radiol 143.1015-1026. 

22. Kirshner HS, Tsai Si, Runge VM, Price AC (1985). Magnetic resonance 

imaging and other techniques in the diagnosis of multiple sclerosis. 

Archives of Neurology 42 :859-863. 

23 . Robbins J, Logemann JA, Kirshner HS (1986). Swal lowing and 

speech production in Parkinson's d isease. An nals of Neurology 

19:283-287. 

24. Tanridag O and Kirshner HS (1985). Aphasia and agraphia in lesions 

of the posterior internal capsule and putamen. Neuro logy 35: 

1797-1801. 

25. Kirshner HS, Casey PF, Ke lly M P, Webb WG (1987). Anomia in 

cerebral d iseases. Neuropsycho logia 25:701 -705 . 

26 . Tanridag O, Kirshner HS, Casey PF ( 1987). Memory funct ions in 

aphasic and nonaphasic stroke patients. Aphasiology 1:201-214. 

27. Tanridag O, Ki rshner HS (1987). Language disorders in stroke 

syndromes of the domina nt capsulostriatum : a cl inical rev iew. 

Aphasiology 1: 107-117. 

28. Kirshner HS, Tanridag O, Thurman L, Whetsel l WO Jr . (1987) . 

Progressive aphasia w ithout dementia: Two cases with focal, 

spongiform degeneration. A nna ls of Neu rology 22 :527-532. 

29. Tanridag O, Ki rshner HS (1987) . Magnetic resonance and CT scan 

imaging in neurobehavioral syndromes. Psychosomatics 28: 517-

528. 

30 . Parris WCV, Kirshner HS, Brin E (1988). Herpes zoster ophtha lmicus 

associated with contralateral hemiplegia. The Cl inical Journa l of 

Pain 3:219-222. 

3 1. Kirshner HS, Casey PF, Henson J, Heinrich JJ (1989) . Behavioral 

features and lesion localization in Wernicke's aphasia . Aphasio logy 

3: 169-176. 

32 . Kirsh ner HS (1989). Causes of neurogenic dysphagia. Dysphagia 



3:184-188. 

33. Deitch D, Kirshner HS (1989). Subdural hematoma after normal 

CT. Neurology 39 985-987. 

34. Dickstein R, Edmonstone BS, Stivens K, Shiavi R, Kirshner HS (1991 ). 

Therapeutic weight shift in hemiparetic patients: surface EMG 

activity of lower extremity muscles during postural tasks. Journal 

of Neurological Rehabilitation: 4: 17-25. 

35. Kirshner HS, Bakar M (1995). Syndromes of language dissolution 

in aging and dementia. Compr Ther 21 (9):519-23. 

36. Welch L, Kirshner H, Heath A, Gilliland R, and Broyles S (1991). 

Chronic neuropsychological and neurological impairment following 

acute exposure to a solvent mixture of toluene and methyl ethyl 

ketone (MEK). Clinical Toxicology 29:435-445. 

37. Kirshner HS (1992). Apraxia of speech: a linguistic enigma. A 

neurologist's perspective. Seminars in Speech and Language 13: 

14-24. 

38. Kirshner HS ( 1993). The neuropsychology of dementia: modular 

and traditional approaches. Contemporary Psychology 38:808-81 O. 

39. Parris WCV, Kirshner HS (1993). Motor paralysis of the lower 

extremities following lumbar sympathetic block. Anesthesiology 

78:981-983. 

40. Charles PD, Abou-Khalil R, Abou-khalil B, Wertz RT, Ashmead DH, 

Welch L, Kirshner HS (1994). MRI Asymmetries and Language 

Dominance. Neurology 44:2050-2054. 

41. Kirshner HS (1994). A case of ictal aphasia with MRI, PET, and EEG 

correlation. Bra in and Language 47:500-503. 

42. Thiruma lai S, Kirshner HS (1994). Anticardiolipin antibody and 

stroke in an HIV-positive patient. AIDS 8: 1019-1020. 

43. Kirshner HS, Bakar M, Collen M, Wertz RT (1995). Crossed aphasia: 

Clinical, CT, and PET or SPECT correlations. Brain and Language 

51 :65-68. 

44. Kirshner HS, Hughes T, Fakhoury T, Abou-Khalil B (1995). Aphasia 

secondary to partial status epilepticus of the basal temporal language 

area. Neurology 45:1616-1618. 

45. Bakar M, Kirshner HS, Wertz RT (1996). Crossed aphasia: Functional 

brain imaging with PET or SPECT. Arch Neurol 53 1026-1032. 

46. Kirshner HS (1996). Medical revolution: the prevention and treatment 

of stroke, 1996. Part I of Stroke prevention of stroke and acute 

stroke therapy. Tennessee Medicine 89:410-412. 

47. Kirshner HS (1996). Medical revolution: the prevention and treatment 

of stroke, 1996. Part il of Medical prevention of stroke and acute 

stroke therapy. Tennessee Medicine 89:410-412. 

48. Kirshner HS (1997). Disorders of the pharyngeal and esophageal 

stages of swallowing in Parkinson's disease. (Editorial). Dysphagia 

12 19-20. 

49. Charles PD, Abou-Khalil B, Atkinson DS Jr, Bakar M, Mayville CL, 

Kirshner HS (1997). Occipital pole area and language dominance. 

J Neuroimaging 7:89-91. 

50. Stroke rehabilitation ( 1997 ). Tennessee Medicine 90: 147-149. 

51. Wertz RT, Henschel CR, Auther LL, Ashford JR, Kirshner HS (1998). 

Affective prosodic disturbance subsequent to right hemisphere 

stroke: A clinical application. Neurolinguistics, 11 :89-102. 

52 . Wertz RT, Auther LL, Burch-Sims GP, Miller T, Abou-Khalil R, Kirshner 

HS. Auditory evoked responses in aphasic African-Americans and 

Caucasians. Aphasiology, in press. 

53. Bakar M, Kirshner HS, Niaz F (1998). The opercular-subopercular 

syndrome: four cases with review of the literature. Behavioural 

Neurology 11: 97-103. 

54. Kirshner HS. Language studies in the Third Millenium. Brain and 

Language 2000;71124-128. 

55. Kirshner HS (1999). Language Disorders. Current Practice of 

Medicine 2:177-184. 

56. Auther LL, Wertz RT, Miller TA, Kirshner HS. Relationships among 

the mismatch negativity (MMN) event-related potential; auditory 

comprehension, and site of lesson in aphasic adults. Aphasiology 

2000;14:461-470. 

57. Kirshner HS. Stroke mimicry. Four cases elig ible for tPA therapy. 

The Neurologist 2000;6:220-223. 

58. Kirshner HS, Alberts M, (arter T, Meschia J, Beatty J, Hamilton J, 

Lane M, Carucci J, Todd H. Stroke Center Guidel ines. A statement 

of the working group on stroke centers of the stroke belt consortium. 

Journal of Stroke and Cerebrovascular Diseases 2000;9: 144-146. 

59 . Triggs WJ, Kirshner HS. lmproving brain function with transcranial 

magnetic stimulation 1 Neurology 2001; 56:429-430 (editorial). 

60. Kirshner HS (2001 ). Behavioral Neurology in the emergency room: 

language testing, brain imaging, and acute stroke therapy. Ann 

Neurol 50:559-560 (editorial). 

61. Gelb DJ, Gunderson CH, Henry KA, Kirshner HS, Jozefowicz RF. 

The Neurology clerkship core curriculum. Neurology 2002;58: 

849-852. 

62. Kirshner HS. Medical prevention of stroke, 2003. Southern Medical 

Journal, in press . 

63. Kirshner HS. Stroke rehabilitation. New insights from neuroscience. 

A focused review. Neurology, submitted. 

3. Özetler ve Mektuplar 

1. Blank WF, Jr., Kirshner HS, and Myers RE ( 1976). Extracel lular 

potassium activity during hypoxia in the cat. Neurology 25: 

382 (Abstract) 

2. Mohr JP, Hier DB, and Kirshner HS (1977). Pure word deafness and 

Wernicke's aphasia. Stroke 8: 142 (Abstract). 

3. Mohr JP, Hier DB, and Kirshner HS (1978). Modality bias in Wernicke's 

aphasia. Neurology 28:395 (Abstract). 

4. Kirshner HS and Webb WG ( 1981 ). Letter alexia in anterior aphasia. 

Neurology 31: 102 (Abstract). 

5. Kirshner HS, Webb WG, Kelly M, and Morgan AZ (1982). An 

investigation of naming in dementia. Neurology 32(2):95 (Abstract). 

6. Kirshner HS ( 1984). Phenytoin toxicity when tablets substituted for 

capsules. New England J Medicine 203:226 (Letter). 

7. Cl inton ME, Kirshner HS, Evans 08, Netsky MG (1984). A pigmentary 

form of motor neuron disease. Neurology 34; Supplement 1: 

21 5 (Abstract). 

8. Jernigan J, Evans 08, Kirshner HS (1984) . Hyperglycemia and diabetes 

improve outcome in a rat model of anoxia/ischemia . Neurology 34; 

Supplement 1 :262 (Abstract). 

9. Tanridag O and Kirshner HS (1985) . Mild aphasia and severe agraphia 

in posterior capsular infarcts. Neurology 35 (Suppl 1) :235 (Abstract). 

1 O. Kirshner HS, Casey PF, Heinrich JJ (1985). The anatomic basis of 

Wernicke's aphasia. Neurology 35 (Suppl 1) : 120 (Abstract). 

11. Kirshner HS, Webb WG, Kelly MP, Casey PF (1985). Naming 

performance in aphasia, dementia, and right hemisphere deficits. 



Neurology 35 (Suppl 1 ): 121 (Abstract) . 

12. Kirshner HS (1986). Behavioral Neurology: A Practical Approach . 

Churchill Livingstone, ine., New York . 

13. Kirshner HS (1986). Speech Pathology and Neurology: lntersecting 

specialities . lntroduction to Neurology for the Speech Pathologist, 

Love R and Webb WG (eds) Butterworths. 

14. Tanridag O and Kirshner HS (1986). MRI and CT correlations in 

the diagnosis of neurobehavioral syndromes. Neurology 36 (Suppl): 

352 (Abstract). 

15. Tanridag O, Kirshner HS, and Casey P (1986) . Memory functions 

after unilateral stroke. Neurology 36 (Suppl): 11 O (Abstract) . 

16. Kirshner HS (1991 ). Progressive aphasia. Journal of Clinical and 

Experimental Neuropsychology 13:80 (abst). 

17. Wertz RT, Kirshner HS, Sobel-Foster T, Dronkers NF (1993). Global 

aphasia, right-hemisphere infarct, and infarct, and left-handedness. 

Paper presented to the ASHA, 35: 194 (Abstract). 

18. Charles PD, Abou-Khalil B, Atkinson DS, Jr., Welch L, Wertz R, Abou­

Khalil R, Kirshner HS (1994) . Occipital lobe area and language 

dominance. Annals of Neurology (abstract) . 

19. Kirshner HS (1998). Should thrombolytic therapy by the first-line 

treatment for acute ischemic stroke? (Letter). New England J Med; 

338 761-2. 

20. Kirshner HS (1999). Frontotemporal dementia. Neuroimages. 

Neurology 52: 1516. 

21. Kirshner HS (2003, in press). Letter. New evidence for stroke 

prevention. JAMA, in press. 

4. Kitaplar, Bölümler ve Derlemeler 

1. Duncan GW and Kirshner HS (1982). lschemic cerebrovascular 

disease. in Current Therapy. Conn HF (ed). Philadelphia, W.B. 

Saunders Company, pp 712-716. 

2. Kirshner HS (1982). Wernicke's aphasia. Chapter 4, in Kirshner HS 

and Freemon FR (eds). The Neurology of Aphasia. Amsterdam, 

Swets Publishing Service. 

3. Kirshner HS (1982). Language disorders in dementia. Chapter 11, 

in Kirshner HS and Freemon FR (eds). The Neurology of Aphasia. 

Amsterdam, Swets Publishing Service. 

4. Kirshner HS and Freemon FR, editors ( 1982). The Neurology of 

Aphasia. Amsterdam, Swets Publishing Service. Th is monograph is 

part of the book series Neurolinguistics, edited by LeBrun Y and 

Hoops R. 5. Kirshner HS (1990). Language Disorders. Chapter 9 

in Neurology in Clinical Practice. Ed. Bradley WG, Daroff RB, Fenichel 

GM, and Marsden CD . Butterworths. 

6. Kirshner HS (1990). Apraxias. Chapter 10 in Neurology in Clinical 

Practice. Ed. Bradley WG, Daroff RB, Fenichel GM, Marsden CD. 

Butterworths. 

7. Kirshner HS (1991 ). Behavioral Neurology. in Handbook of Medical 

Psychotherapy, ed Anchor KN, Hogrefe & Huber Publishers, Toronto, 

pp. 27-54. 

8. Kirshner HS (1991 ). Management of headache. in Contemporary 

lssues in Chronic Pain Management, ed. Parris W.C.V., Kluwer 

Academic Publishers, Norwell MA, pp 203-220. 

9. Kirshner HS ( 1994). Progressive aphasia and other focal presentations 

of Alzheimer's disease, Pick's disease, and other degenerative 

disorders. in The Spectrum of Dementia, ed. Emery VOB and Oxman 

TE, The Johns Hopkins University Press, Baltimore, MD 108-122. 

10. Kirshner HS (1994) Aphasia. in: Encyclopedia of Human Behavior, 

ed. Ramachandran VS. Academic Press, San Diego, 1994, 

175-185. 

11. Kirshner HS (ed) (1995). Handbook of Neurological Speech and 

Language Disorders. Marcel Dekker, ine., New York, 1-532. 

12.Kirshner HS (1996). Aphasia. Chapter 12A in Neurology in Clinical 

Practice, 2nd Ed ed. Bradley W, et al, Butterworths, 131-148. 

13. Kirshner HS (1996). Language disorders. Chapter 2 in Current 

Practice of Medicine, ed. Koller WC, Churchill Liv ingstone ine., 

1996, IX2.0-2.9. 

14. Kirshner HS (1995). Cerebral cortex: Higher mental functions. 

Chapter 19 in Bhatnagar SC, Andy OJ (eds), Neuroscience for the 

Study of Communicative Disorders. Wil liams & Wilkins, Baltimore 

MD, 302-313. 

15. Kirshner HS (1996) . Speech and language disorders. Chapter 135 

in Samuels MA, Feske S, (eds), Office Practice of Neurology, Churchill 

Livingstone lnternational, New York, 718-722 . 

16. Kirshner HS. ( 1998) Language disorders. Chapter 2 in Current 

Practice of Medicine, 1998 edition, ed Koller WC. 

17. Kirshner HS, Alexander M, Lorch MP, Wertz RT (1999). Continuum: 

Disorders of Speech and Language. 5(2): 1-237. 

18. Kirshner HS (2000). Aphasia. Chapter 12A in Neurology in Clinical 

Practice, 3rd Ed ed. Bradley W, et al, Butterworths, 131-148. 

19. Kirshner HS (2000).Approaches to intellectual and memory 

impairments. Chapter 7 in Neurology in Clinical Practice, 3rd Ed 

ed. Bradley W, et al, Butterworths, 71-79. 

20. Kirshner HS. Frontal and temporal dementias. Chapter in emedicine, 

Online Neurology Text. 

21.Kirshner HS (2002). Behavioral Neurology: Practical Science of Mind 

and Brain. Boston: Butterworth Heinemann, 1-474. 

22.Kirshner HS. Speech and language disorders. Chapter 135 in Samuels 

MA, Feske S, (eds), Office Practice of Neurology, 2nd edition. 

Churchill Livingstone lnternat ional, New York, in press. 

23. Kirshner HS. Disorders of speech and language in older adults. 

Chapter in Sirven JI, Malamut BL. Clinical Neurology in the older 

adult Philadelphia: Lippincott Will iams & Wilkins, in press. 

24.Kirshner HS. Aphasia, alexia, agraphia, and acalculia. Chapter in 

Rizzo M, Eslinger PJ, Principles and practice of behavioral Neurology 

and neuropsychology. Saunders/Churchill Livingstone/Mosby, New 

York, in press. 

25.Kirshner HS. Review of Warlow CP, Dennis MS, van Gijn J et al. 

Stroke, a practical guide to management, Second ed ition, Oxford: 

Blackwell Science ine. in press: Arch Neurol 2002;59:485-486. 

26. Kirshner HS (2002). Cerebral cortex: higher mental functions. 

Chapter 19 in Bhatnagar SC, Andy OJ (eds), Neuroscience for 

the Study of Communicative Disorders. Second edition, Wil liams 

& Wilkins, Baltimore MD, 359-370. 

27. Kirshner HS .. Approaches to intellectual and memory impa irments . 

Chapter 7 in Neurology in Clinical Practice, 4rd Ed ed. Bradley W, 

et al, Butterworths, in press. 

28. Kirshner HS. Aphasia. Chapter 12A in Neurology in Clinical Practice, 

4th Ed ed. Bradley W, et al, Butterworths, in press. 

29 . Kirshner HS. Motor speech disorders. Chapter 12C in Neurology in 

Clinical Practice, 4th Ed, ed. Bradley W, et al, Butterworths, in press. 


