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BACKGROUND

The choice between transthoracic, lateral, and postero-
lateral approaches to excise thoracic disc herniations
remains controversial.

METHODS

The outcome of the three approaches was compared in
seven of the authors’ cases and in 324 other cases re-
ported in the literature.

RESULTS

Partial or total neurological recovery was found in 93%
after a transthoracic procedure versus 87% after a pos-
terolateral technique and 80% after a lateral approach
(p < 0.05). A trend toward superior results after a trans-
thoracic technique was also noted in subgroups of pa-
tients with radiculopathy, patients with intradural disc
herniations, and patients with multiple lesions, although
statistical significance was not reached. Pulmonary com-
plications occurred in 7% of transthoracic techniques
versus 5% in lateral and 0% in posterolateral techniques
(p < 0.025).

CONCLUSIONS

The transthoracic approach is recommended for all tho-
racic disc herniations below the T4 level except for pa-
tients with serious pulmonary compromise. © 1998 by
Elsevier Science Inc.
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thoracic disc herniation (TDH) is an uncom-
mon disorder: the estimated incidence is one
case per million population per year [62]. The clin-
ical features may not be characteristic and can mis-
takenly be attributed to thoracic, abdominal, or
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vascular pathology [7,72], resulting in a delay in
diagnosis. The results of surgery greatly improved
when decompressive laminectomy was abandoned
and posterolateral [15,55,69], lateral [37,48], and
transthoracic [21,54,61] approaches were adopted.
The choice between these surgical techniques re-
mains controversial, mainly because most reported
series are small. To compare the results of these
techniques we reviewed 331 cases, including 324
reported cases and 7 cases from our department.

MATERIALS AND METHODS

OUR SERIES

Between 1986 and 1993, seven patients with tho-
racic disc herniations had surgery in our depart-
ment (Table 1). No patient had a history of trauma
or Scheuermann’s disease. One patient (Case 1) had
previously undergone a decompressive laminec-
tomy with only temporary improvement. All were in
generally good health. The diagnosis was estab-
lished using myelogram-computed tomography
(MCT) studies (Fig. 1) in all cases; magnetic reso-
nance imaging (MRI) was also used only recently in
the last four individuals.

All seven patients in our series were managed
with transthoracic transpleural approaches [21,63]
to their thoracic disc herniations between the
T3-T4 to T12-L1 levels. All discs were excised using
the surgical microscope and microinstruments. In-
traoperative spinal cord monitoring was not used.
All TDH were extradural. Vertebral body fusions
were then performed using an iliac crest autograft
(Fig. 2). No external support was used. Patients
were ambulated as soon as the chest tube was
removed, and discharged after a median postoper-
ative stay of 16 days. All individuals were then fol-
lowed up for a median duration of 11 months.
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n Clinical Data Before and After Surgery
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CASE 1 2 3 4 5 6 7

Age, Sex 47 F 32 M 41 M 57 M 50 M 3TM 41 F
TDH

Level 9-10 9-10 9-10 34 12-1 11-12 10-11

Location centr L lat L c.lat R c.lat L c.lat centr R lat

Calcification + — + - — - —
Symptoms

Duration 2y ly 15y ly 2y 4y 2y

Paresis mild none mild mild mild mild mild

Bladder dysfunction + + — — — — —

Radicular pain - left bilat - - - -

Back pain + + — + — — —
Result I A U I I I I

A, asymptomatic; I, improved; U, unchanged; TDH, thoracic disc herniation.

Of the seven patients in our series, one became
asymptomatic, five improved, and one remained
unchanged. Four patients had residual pain at the
thoracotomy site. One patient had a transient hy-
poesthesia of the lateral side of the thigh because of

Myelogram-computed tomography showing right
centrolateral TDH at level T10-T11 with displace-
ment of the cord to the left (Case 7).

operative positioning resulting in compression of
the lateral cutaneous femoral nerve. One patient
underwent a transurethral prostatectomy for post-
operative urinary retention. There were no respira-
tory complications. Postoperative plain radio-

Postoperative computed tomography showing that
the posterolateral disc quadrant at level T12-L1 has
been removed and an iliac crest bone graft has been
placed (Case 5).
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Scoring of Lower Extremity Paresis

None

Intact motor function
Mild

Mild impairment, independent ambulation
Moderate

Ambulation with external support
Severe

Slight movement, nonambulatory
Complete

No movement

graphs of the spine showed no signs of vertebral
collapse or displacement.

REPORTED CASES

Thoracic disc herniations reported in the literature,
managed by the posterolateral, lateral and trans-
thoracic approaches, were reviewed. The duration
of symptoms was assessed, recent being defined as
up to 1 year, and longstanding as over 1 year. A
history of previous thoracic disc surgery was
noted. Paresis was graded according to Maiman’s
classification [48] (Table 2), and the presence of
radiculopathy and sphincteric dysfunction was
looked at. Disc characteristics such as level, multi-
plicity, location (central if it was exactly on the
midline, lateral if the prolapse projected lateral to
the lateral aspect of the thecal sac, and centrolat-
eral), calcification, and extension through the dura,
were determined. Figure 3 and Table 3 show the
classification of the different surgical approaches
[25,72] and Table 4 shows the five categories of

Reported Cases
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3 Diagram showing the parts that are resected in the
various techniques: 1) laminectomy; 2a) transpe-
dicular and transfacetal approach, 2b) transversoarthro-
pediculectomy; 2c) costotransversectomy; 3a) lateral
rhachotomy; 3b) lateral extracavitary approach; and 4)
transthoracic approach.

NUMBER OF
TECHNIQUE CASES REFERENCES
Posterior approach: laminectomy 0
Posterolateral approaches:
Transpedicular approach: 42 7, 10, 27, 28, 31, 34, 44, 46, 55
Transfacetal approach: 6 70
Transversoarthropediculectomy: 35 15, 30, 46, 67, 75
Costotranversectomy: 79 1, 3, 6, 8, 13, 18, 22, 27, 33, 35, 36, 39, 41, 42, 46, 50, 53, 59, 68, 69, 70,
73,74, 78, 79
Lateral approaches:
Lateral rhachotomy: 16 5, 14, 16, 17, 37
Lateral extracavitary approach: 45 23, 48, 49, 77
Transthoracic approaches:
Transpleural thoracotomy: 76 1,2,4,7,8,9, 11, 12, 13, 14, 19, 20, 21, 24, 27, 29, 30, 31, 32, 38, 40, 43,
46, 51, 52, 56, 57, 58, 59, 60, 65, 66, 76, 78
Extrapleural thoracotomy: 23 54
Thoracoscopy: 1 61

Total: 324
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n Scoring of Neurological Outcome

Asymptomatic (A)

No impediment to normal work and social activities,
although minor neurological abnormalities (e.g.
hyperreflexia) may be present on examination

Improved (I)
Improvement from previous neurological state,
although not normal

Unchanged (U)

No alteration in neurological state
Worse (W)

Deterioration in neurological state
Dead (D)

Attributable to postoperative complications
Success (S)

Asymptomatic or improved
Failure (F)

Unchanged, worse, or dead

neurological outcome [62]. Complications were
noted. The y? test was used for statistical analysis.

RESULTS

Our analysis of 331 cases included assessment of 7
patients from our department and review of 324
other cases from the literature. Recent herniations
(= 1 year) had a median duration of 4 months
(range, 1 day-1 year), as compared with longstand-
ing herniations (> 1 year) that had a median dura-
tion of 3 years (range, 1 year-24 years). The pres-
ence (p < 0.01) and degree (p < 0.001) of
preoperative paresis, the absence of preoperative
radiculopathy (p < 0.001), the duration of symp-
toms (p < 0.001), and a history of previous surgery
(p < 0.05) had statistically significant negative ef-
fects on neurological recovery (Table 6). Alterna-

E Characteristics of TDH

Mulier and Debois

tively, outcome remained unaffected by the location
or level of a disc, by multiplicity of discs, and by the
presence of calcification or intradural penetration.

As would be anticipated, the lateral location of a
disc correlated well with the presence of radiculop-
athy (p < 0.001) and a central or centrolateral lo-
cation of a disc with the presence of paresis (p <
0.001). Partial or total neurological recovery was
found in 93% after a transthoracic procedure versus
87% after a posterolateral technique and 80% after
a lateral approach (p < 0.05) (Table 8). These su-
perior results for the transthoracic approach were
obtained in spite of a significantly higher propor-
tion of patients with paresis and a lower proportion
of patients with radiculopathy (Table 7). In the anal-
ysis of subgroups, lateral techniques could not be
evaluated because there were too few patients. A
trend toward a better neurological outcome after
transthoracic techniques than after posterolateral
techniques was also noted in subgroups of patients
with radiculopathy, patients with intradural disc
herniations, and patients with multiple lesions;
although statistical significance was not reached
(Table 8).

Twenty patients underwent a secondary inter-
vention. A laminectomy was performed as the first
procedure in 11 cases. In four cases, originally man-
aged by a posterolateral approach, the thoracic
disc herniation was incompletely removed. In two
more cases after a posterolateral approach, the
disc herniation recurred at the same level. In one
case, surgery was performed at a wrong level. In
another case, only a Harrington rod was placed.
Lastly, one patient developed a new disc herniation
at another level. As secondary procedure, a trans-
thoracic approach was used in nine patients, a pos-
terolateral approach in five patients, and a lateral

Duration of symptoms =1 year: 59% (109) >1 year: 41% (75) n:184
Previous surgery yes: 6% (20) no: 94% (311) n:331
Paresis present: 79% (262) absent: 21% (69) n:331
Degree of paresis none: 21% (69)

mild: 37% (118) moderate: 25% (719)

severe: 13% (43) complete: 4% (12) n:321
Sphincter dysfunction present: 39% (99) absent: 61% (155) n:254
Radiculopathy present: 32% (82) absent: 68% (173) n:255
Level =T4-T5: 5% (15) >T4-T5: 95% (316) n:331
Multiplicity multiple: 7% (22) single: 93% (309) n:331
Location central(c): 28% (61) c.lateral: 19% (41)

c. or clat.: 36% (79) lateral: 17% (37) n:218
Calcification present: 41% (90) absent: 59% (130) n:220
Intradural penetration present: 10% (20) absent: 90% (182) n:201
Scheuermann’s present: 5% (16) absent: 95% (276) n:292

n, number of evaluable cases.
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E Factors Influencing Outcome
ASYMPTOMATIC IMPROVED FAILURE TOTAL
Paresis
Absent 64% (44) 30% (21) 6% (4) 100% (69)
Present 42% (111) 44% (114) 14% (37) 100% (262)
p < 0.01 n = 331
Radiculopathy
Absent 41% (71) 45% (78) 14% (24) 100% (173)
Present 72% (59) 24% (20) 4% (3) 100% (82)
p < 0.001 n = 255
Duration of symptoms
=1 year 57% (62) 34% (37) 9% (10) 100% (109)
>1 year 29% (22) 59% (44) 12% (9) 100% (75)
p < 0.001 n =184
Number of procedures
Primary 49% (151) 39% (122) 12% (38) 100% (311)
Secondary 20% (4) 65% (13) 15% (3) 100% (20)
p < 0.05 n = 331

n, number of evaluable cases.

approach in three patients. Success after these sec-
ondary procedures was achieved in 17 of 20 cases:
4 patients became asymptomatic and 13 improved.
The three secondary failures were all noted after
the secondary lateral procedures.

Pulmonary complications occurred in 7% of
transthoracic techniques versus 5% in lateral and
0% in posterolateral techniques (p < 0.025).

DISCUSSION

In a retrospective review of 331 patients having
surgery for thoracic disc herniations, factors deter-
mining neurological outcome were analyzed. Cord
damage seemed to be more permanent than root
injury, with less severe pareses appearing more
reversible than more severe plegias. The nature of
the neurological impairment (paresis versus radic-
ulopathy) had a stronger predictive value than the
central or lateral location of the herniation. Patients
with a longer duration of symptoms had a worse
prognosis, which underlines the need for early di-
agnosis and prompt surgery. The better results of
transthoracic techniques compared with lateral

Comparability Between Treatment Groups

and posterolateral techniques may be explained by
the different angle of approach to the spinal canal.
The thoracic spinal canal, in contrast to the cervical
and lumbar canal, is smaller and more difficult to
enter and explore surgically. Because of the poor
vascular supply to the thoracic spinal cord [26],
even minor manipulation may cause severe injury
and must be prevented. In the transpedicular [55]
and in the transfacetal [70] technique, the approach
to the spinal canal is slightly oblique and the visi-
bility of the midline is limited [27,45,48,64,72,79]. To
improve the exposure, resection of the transverse
processes is added in the transversoarthropedicu-
lectomy [15], and resection of the adjacent medial
portion of the rib in the costotransversectomy [69].
The lateral rhachotomy [37] and the lateral extra-
cavitary approach [48] provide a more lateral
route. The anterolateral transthoracic approach
[21,54,61] allows for the best exposure, while pro-
viding for the safest and most complete spinal cord
decompression. Many authors now agree that cen-
tral herniations are best treated by the transtho-
racic route, but there is still some reluctance to
apply this approach for the excision of lateral her-

TRANSTHORACIC POSTEROLATERAL LATERAL N P
Paresis 87% (93/107) 70% (114/163) 90% (55/61) 331 <0.001
Radiculopathy 20% (20/99) 42% (58/138) 22% (4/18) 255 <0.01
Duration > 1y 39% (37/95) 44% (35/79) 30% (3/10) 184 NS
Secondary 8% (9/107) 3% (5/163) 10% (6/61) 331 NS

n, number of evaluable cases.
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E Outcome According to Technique
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ASYMPTOMATIC IMPROVED FAILURE TOTAL

All TDH

Transthoracic 52% (56) 40% (43) 7% (8) 100% (107)

Posterolateral 49% (80) 38% (62) 13% (21) 100% (163)

Lateral 31% (19) 49% (30) 20% (12) 100% (61)

p < 0.05 n = 331
TDH with radiculopathy

Transthoracic 90% (18) 5% (1) 5% (1) 100% (20)

Posterolateral 67% (39) 29% (17) 3% (2) 100% (58)

NS n=78
Intradural TDH

Transthoracic 33% (2) 67% (4) 0% (0) 100% (6)

Posterolateral 23% (3) 46% (6) 31% (49) 100% (13)

NS n=19
Multiple TDH

Transthoracic 88% (1) 13% (1) 0% (0) 100% (8)

Posterolateral 50% (7) 43% (6) 7% (1) 100% (14)

NS n = 22

n, number of evaluable cases.

niations [27,71]. However, in our analysis, a clear
trend toward a more complete neurological recov-
ery was found in patients with radiculopathy. The
fact that statistical significance was not reached in
this subgroup was probably because of low num-
bers (B-error). Pulmonary complications such as
pneumothorax, pleuraeffusion, chylothorax, atelec-
tasis, and prolonged ventilation occurred only in
7% after a transthoracic technique. These compli-
cations are usually transient and do not outweigh
the advantage of improved neurological outcomes.
The posterolateral approach is indicated only in
patients with serious pulmonary compromise, who
would not withstand a thoracotomy. However, in
these patients in poor general condition, one must
consider performing no surgery, as any approach
will have an increased morbidity. The transthoracic
route is recommended to excise intradural hernia-
tions as well as multiple herniations as a trend
toward better results after this technique was
noted. Thoracic disc herniations occurring between
T1-T4 levels were best approached, if lateral,
through the pedicle, or, if anterior, through the
sternum [27,47,66,67,72].

Although the results of secondary procedures are
not as good as those for primary operations, suc-
cess was achieved in 17 of 20 (85%) reoperations.
These data indicate that suboptimal results after
first procedures should be re-evaluated with
myelo-CT studies to determine the presence of re-
sidual or new pathology. Indeed, the documenta-
tion of retained, residual, and newly occurring discs
found in this series strongly supports this aggres-

sive approach to patients considered initial opera-
tive failures.

CONCLUSIONS

Operative results after transthoracic procedures
are better compared with those encountered after
lateral and posterolateral approaches. Transient
pulmonary complications occur in 7% of cases. The
transthoracic approach is recommended for all tho-
racic disc herniations below T4 except for patients
with serious pulmonary compromise. The presence
and degree of preoperative paresis have a negative
impact on outcome of surgery, whereas the pres-
ence of radiculopathy has a positive effect on out-
come. Early diagnosis and treatment offer better
chances for postoperative neurological improve-
ment. Patients with suboptimal results after surgery
should be reevaluated for residual disc herniation
as success may follow secondary surgery in 85% of
cases.

The authors thank Mr. Johan De Leersnyder, M.D., who
performed the thoracotomies; Mr. William A. Wagle, M.D.,
and Mrs. Griet Van Buggenhout, MD, for reviewing the
manuscript; and Mrs. Dominique Vanstiphout and Mr. Hans
van de Noort, for secretarial assistance.
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COMMENTARY

This paper is an excellent update of Arseni’s report
from 1960 and Arce’s review of 1985, concerning the
surgical treatment of thoracic disc herniation. The
big achievements in the management of this disease
are well documented and analyzed in this report. It
is the first publication demonstrating in a retro-
spective analysis that the results obtained with the
transthoracic approach are superior to those ob-
tained with other techniques. Our results obtained
in 38 cases of thoracic disc herniation treated over
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the past 12 years (either using the transthoracic
approach or microsurgical endoscopy) are similar
to those reported in Mulier’s review. The biggest
advantage of the anterior approach is that it re-
spects the posterior structures, avoiding unneces-
sary bone, muscle, or nerve removal. Our experi-
ence with microsurgical endoscopy in more than 35
cases treated for different pathologies shows that
with improved instruments and sufficient technical
skill, any disc herniation located between T2 and L1
can be removed safely. By changing the site of in-
sertion of the trocar, mobilization of the scapula or
splitting of the diaphragma can be avoided as well.

Early diagnosis and refined surgical techniques
will lead to further improvements in the treatment
of thoracic disc herniations.

Daniel Rosenthal, M.D.

Klinik fiir Neurochirurgie

Johann Wolfgang Goethe-Universitdt
Frankfurt, Germany

Mulier et al have completed a thorough review of
the management of thoracic disc herniations. It is
not surprising that the transthoracic approach, like
anterior cervical surgery, proved superior both as a
primary and secondary procedure to other routes
for dealing with predominantly ventral pathology. I
would add that the actual pathology encountered in
both regions is probably comparable to many so-
called discs or spondylotic bars actually consisting
of ossification of the posterior longitudinal ligament
(OPLL). In fact, in this manuscript, when discs were
found to “extend to and through the dura,” they
likely consisted of OPLL and were not disc hernia-
tions at all. Furthermore, the “two disc herniations
which recurred at the same level following original
posterolateral approaches” may have represented
incompletely resected OPLL masses. Finally, when
the “transthoracic route was recommended to ex-
cise intradural herniations as well as multiple her-
niations as a trend toward better results was not-
ed,” this sounds classic for continuous OPLL rather
than discal/spondylotic pathology. Here, I agree
with the authors’ recommendation that patients,
particularly those who have failed first procedures,
be evaluated with computed tomography-myelo
studies as the detail regarding “residual or new
pathology” is so much better than that provided by
MR or even non-contrast computed tomography
examinations. In the Japanese literature, 10% of
OPLL is located in the thoracic spine, while recent
experience with a North American series of 26 pa-
tients with ossification of the spinal ligaments re-
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vealed a 0.3% frequency of thoracic OPLL [submit-
ted for publication].

[ commend these authors on the thoroughness of
their review, and would again underscore their con-
clusion that the transthoracic technique which pro-
vides optimal visualization of both anterior and an-
terolateral pathology be used to resect thoracic
discs or spondylosis that may actually prove to be
OPLL.

Nancy E. Epstein, M.D., FACS
Neurosurgeon
New Hyde Park, New York

The authors are to be congratulated on their
thoughtful review of an uncommon, but clinically
important problem. Certainly one valuable piece of
information that impacts on the clinician treating
thoracic disc herniation is the recognition that re-
covery is more a function of the length of time the
patient has been myelopathic than the specific lo-
cation of the disc.

They have not provided us, however, absolute
indications for surgery. It has become popular in
some circles to operate on patients with purely
axial pain and evidence of thoracic disc degenera-
tion or bulging; this effort suggests that this is not
acceptable—a finding with which most neurosur-
geons would agree. The promising technique of tho-
racoscopy and microsurgical endoscopic resection
of thoracic discs may revise how we look at the
thoracic spine, particularly for those who have his-
torically used transthoracic procedures.

The authors’ determination of complication rates
is inaccurate, at least for the lateral extracavitary
approach. We have used the extracavitary ap-
proach to the thoracic spine in over 400 instances
in the last 10 years, including 36 for disc herniation.
We have seen unintentional intercostal nerve injury
in less than 1%. The pulmonary complication rate
(primarily pleural tears requiring a chest tube) is
3% in a series that includes trauma and tumors.
Obviously, then, at least the short-term morbidity is
much less. Similarly, the morbidity they report for
thoracotomy is less than that reported elsewhere.

Caution is also advised in the statistical interpre-
tation of the collected cases. Unfortunately, criteria
for identifying myelopathy and improvement are, at
best, difficult to interpret. Application of statistics
to heterogeneous retrospective reviews is generally
next to impossible.

Again, the authors are to be thanked for their
careful and thoughtful review. Efforts for a multi-
center surgical trial that includes microendoscopy
are pending, and should provide additional infor-
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mation for the clinician. Until then, this review rep-
resents a genuine contribution.

Dennis J. Maiman, M.D.
Department of Neurosurgery
Medical College of Wisconsin
Milwaukee, Wisconsin

Thoracic disc herniations are rare, but the inci-
dence is increasing with the advent of magnetic
resonance imaging. Selection of the surgical ap-
proach to a herniated thoracic disc is worth serious
consideration. Drs. Mulier and Debois did an exten-
sive review of the literature to compare the results
of various surgical approaches, and to determine
the optimal approach for treating thoracic disc her-
niations. Considering the anatomy and pathophys-

Mulier and Debois

iology of thoracic disc herniations, the transpleural
transthoracic approach is the most reasonable
choice. It provides a wide angle of view for the
surgeon, and the posterior half of the vertebral
body and herniated disc can be removed safely
under direct vision. This approach, as the authors
point out, is not practical for disc herniations above
the T4 level, and carries a substantial risk of pul-
monary complications. Another limitation of this
procedure occurs with discs herniated to the left
side, because the heart and great vessels hinder the
approach.

Kyu Chang Lee, M.D.

Department of Neurosurgery

Yonsei University College of Medicine
Seoul, Korea

(JAMA).

warning signs and risk factors.

according to the researchers.

Stroke:

knowledgeable about stroke.

Considerable education is needed to increase the public
awareness of warning signs and risk factors for stroke, and
those at the greatest risk for the potentially deadly illness are the
least knowledgeable, according to an article in the April 22 stroke
theme issue of the Journal of the American Medical Association

Arthur M. Pancioli, M.D., and colleagues at the University of
Cincinnati in Ohio surveyed 1,880 people in the Greater Cincinnati
Metropolitan area to assess current public knowledge of stroke

The researchers found that only slightly more than half of the
respondents (57 percent) correctly identified at least one of five
established warning signs for stroke, and substantially fewer people
could name more than one warning sign. Only about two-thirds of
respondents (68 percent) were able to name at least one of the
established risk factors for stroke. Also, those aged 75 or older,
who are at the greatest risk for stroke, were the least
knowledgeable about stroke warning signs and risk factors,

For the study, the researchers used the stroke warning signs
established by the National Institute of Neurological Disorders and

® Sudden weakness or numbness of the face, arm, or leg

® Sudden dimness or loss of vision, particularly in one eye

® Sudden difficulty speaking or understanding speech

® Sudden severe headache with no known cause

® Unexplained dizziness, unsteadiness or sudden falls

The researchers also found that those who possessed one of the
established risk factors for stroke (high blood pressure, diabetes,
or smoking) often did not know that their conditions were risk
factors. Groups at the greatest risk ... were the least
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