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A Case In Point

Opinion rather than fact has tended to dominate 
discussions regarding CVA’s and chiropractic care.

A causal relationship between chiropractic 
manipulation and stroke is unlikely.

A temporal relationship appears to exist between CVA and 
DC as well as PCP office visits.

A patient with a VAD may not show signs or symptoms
other than those commonly seen in a DC’s office.

Emergency intervention during the first few hours is critical
This is the challenge for every physician in an out patient 
setting.
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A 30,000 foot perspective!

• DCs in US = 60,000
• U.S. population = 300M
• Total strokes = 700,000/ Yr.
• CADs = 3,000/Yr. 
• Chiro. util. = 10% of population
• VAD seeking chiro. care = 300/Yr.

A Case In Point
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Arterial Circulation
Two major arteries supply blood to the brain, the 
carotid and vertebral arteries.

The vertebral a. supplies blood to the posterior 
region (largely the cerebellum, medulla and 
pons).

The internal carotid a. perfuse the mid and 
anterior regions (cerebrum and corpus 
collosum).

A Case In Point
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]
Origin of the 
Vertebral arteries:

• Arise from the 
subclavian arteries 
bilaterally, and

• proximal to the 
thyrocervical trunk 
and distal to the 
common carotid 
artery

A Case In Point
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Arterial Circulation

Segment III: From C2 
transitioning to a 
horizontal course 
posterior to C1 then 
piercing the atlanto-
occipital membrane and 
the dura passing through 
the foramen magnum.

A Case In Point
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Arterial Circulation

• From the Subclavian arteries, the Vertebral 
arteries ascend to ultimately unite and form 
the Basilar artery intracranially.

• The Posterior Inferior Cerebellar artery (PICA) 
arises prior to the junction forming the Basilar 
artery.
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A Case In Point
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Anatomy of cervical arteries

The ICA and VA are muscular arteries with 
three layers;
n Tunica intima- thin simple squamous 

endothelial cells.  Essential to integrity, but 
least elastic (therefore susceptible to tearing).

n Tunica media- thick circumferential smooth 
muscle.

n Tunica adventitia- fibrous connective tissue 
which merges with surrounding bone.

A Case In Point
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Congenital anomalies of the 
vertebral artery are common

A Case In Point

10

Approximately 10% of patients have some form of 
anomalous vertebral arteries.

• Unilateral agenesis of the vertebral artery.

• A tortuous artery was found in 39% of 402 post-mortem 
examinations.  68% were on the left.

• Origin of the vertebral arteries varies in 3.5% of cases

• The PICAs have an extradural origin in 5-20% of cases: 
arising approximately 1 cm proximal to dural penetration

A Case In Point
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Anomalous Origin of Right Vertebral A.

A Case In Point
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Anomalous Origin of Left Vertebral A.

A Case In Point
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Anomalies, continued:

• Compression of the vertebral artery is seen in 5% 
of the population in both a neutral position and in 
rotation.

Variations in arterial diameter (average 4.3 mm on 
the right, 4.7 mm on the left).  A hypoplastic artery 
was found in >10% of cases (commonly assoc. 
with spontaneously dissections).
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A Case In Point
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A Case In Point

The clinical impact of each anomaly 

is determined by the availability of

collateral circulation, occurrence of other

variants, presence of vascular pathologies, 

and the overall function of the 

cardiovascular system.
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Basic pathology- Intima 
dissection and associated 

thrombus formation forming 
intramural hematoma altering 

hemodynamics and/or 
embolizing distally. 

A Case In Point
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A Case In Point
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Mechanism of Basic Pathology

Intimal dissection with blood flow beneath the intima
and associated thrombus formation

A Case In Point
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The effects of altered arterial flow through 
the vertebral artery as a result of a 
dissection can yield:

• Few or minimal symptoms
• Transient ischemic attacks
• Development of thrombus which can 

embolize distally
• Emboli lodges in PICA causing cerebellar 

ischemia resulting in infarction and CVA

A Case In Point
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Thrombus invariably is the source of 
the emboli that produces an ischemic 

stroke from the vertebral arteries

A Case In Point
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Activities associated with 
cervical artery dissections 

documented in the literature

A Case In Point
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A Case In Point

The literature indicates that CAD’s arise 

spontaneously (SCAD), presumably 

secondary to a predisposing weakening of 

the arterial wall. The following activities have 

been cited in the literature preceding VAD:

24



8/29/20

9

A Case In Point

judo, yoga, ceiling painting, nose blowing, hypextension, 

oral contraceptive use, sexual activity, receiving anesthesia, 

use of resuscitation activities, receiving a shampoo, 

vomiting, sneezing, manipulative procedures, 

provocative maneuvers including ROM testing and 

pre-manipulative screening tests, and head & neck trauma.
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Clinical Characteristics of Symptomatic Vertebral 
Artery Dissection. A Systematic Review

Gottesman et al. Neurologist 2012

ID 75 studies from 3996 reviewed describing 
1,972 VAD patients.

Minor trauma was relatively uncommon in 
association with VAD, with even lower 
frequencies of sporting injuries, CMT, and major 
trauma.

A Case In Point
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Epidemiology of VAD

A Case In Point
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Incidence of CAD (Micheli S, et al. 2010. 
Open Neurol J)

Annual incidence of ICAD is 2.5-3 per 100,000 patients.

Annual incidence of VAD is 1-1.5 per 100,000 patients.

Overall, dissection accts. for 2% of all ischemic strokes. 

Most common cause of stroke in patients 18-45 yo.

Multivessel dissections may occur in up to 30% of cases.

A Case In Point
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Variation of Incidence of CAD 
Associated with CMT Reported 

in the Literature

A Case In Point
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• 1 in 1 million adjustments (Hosek et 
al, JAMA, 1981)

• 1 in 2 million adjustments (Klougart et 
al, JMPT, 1996)

• 1 in 5.85 million cervical spine 
adjustments (Carey et al, CMAJ, 
2001)

A Case In Point
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Predisposing Factors 
Associated with VAD

A Case In Point
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Inheritable conditions associated 
with arteriopathy

• Marfan’s Disease
• Ehler Danlos Syndrome-types IV and VI
• Autosomal Dominant Polycystic Kidney Disease
• Osteogenesis Imperfecta Type I 
• Fibromuscular Hyperplasia

• Clinical Pearl- Make sure your history intake forms 
include these conditions for both pt. and family

A Case In Point
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Risk Factors Associated with VAD

Debette S., et al.  Assoc. of risk factors w/ CAD 
and ischemic stroke in young adults. 2011. 
Circulation.

n With exception of hbp, vascular risk factors appear to 
have little clinical significance in ischemic stroke 
assoc. w/ CAD (versus atherosclerotic stroke).

n Elevated homocystinemia- namely B-6,9, & 12 defic.
n Recent resp. infec. (antibiotics- flouroquinolones)
n Smoking
n Migraine (aural vestibular)

A Case In Point
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A Case In Point

Rubinstein, S., et al. A Systematic Rev. of the 
Risk Factors for CAD. 2005. Stroke.

Pathogenesis of CAD is unknown.

Trivial trauma (incl. CMT)- only 2 studies (Rothwell, 
Smith), both had methodology flaws and small 
sample size.

Genetic predisposition (ie. CT disorders, elev.
homocysteine, antitrypsin)- some assoc.

Migraines- poor assoc.

Vascular risk factors (atherosclerosis)- poor assoc.

34

• Zhou M, MD, et. al. Vertebral Artery Hypoplasia 
and Vertebral Artery Dissection, A Hospital-
Based Cohort Study, Neurology 818-824 
(February 2015). 

• Hypoplastic vertebral arteries are more prone to 
dissection than dominant vertebral arteries.

• Recent studies have identified VAH as a risk factor for 
posterior circulation ischemic events and associated it 
with migraine with aura vestibular neuronitis. …emerging 
evidence from case reports has suggested that VAH is a 
predisposing factor for spontaneous VA dissections.
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CAUSAL RELATIONSHIP    
BETWEEN CERVICAL
MANIPULATION AND VAD

Published Literature on the 

A Case In Point
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Cassidy, D. et al., Risk of VBA Stroke and Chiro. 
Care. 2008. Spine.

Case control & case cross over study looking at 818 
VAD pts. and 3,364 controls over 9 yrs.
Pts < 45 yo more likely to have seen a DC w/in 30 days 
prior to stroke.  However, same was true w/ PCP.
Increased assoc. betw. VBA stroke and DC or MD care 
is because pts. w/ neck pain and HA secondary to 
dissection are more likely to consult a DC and/or PCP.
No evidence of excess risk of VBA stroke assoc. w/ 
chiro. care compared to primary care.

A Case In Point
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Clinical Pearl Number Three

Current thinking holds that the 
majority of patients who develop 
frank symptoms of a vertebral 
artery dissection following 
chiropractic care were in the 
process of dissection when they 
presented for care.

A Case In Point

38

• Kosloff TM, et. al. Chiro. Care and the Risk of 
VBA Stroke: Results of a Case Control Study in 
U.S. Commercial and Medicare Advantage 
Populations. 2015. Chiro & Man Ther. 

• No significant association between exposure to 
chiropractic care and the risk of VBA stroke. CMT is an 
unlikely cause of VBA stroke.

• Observed association between PCP and Chrio. care 
prior to VBA stroke is most likely due to patient seeking 
care for symptoms (HA/neck pain) of arterial dissection.  
Pts. w/ HA & neck pain account for 18.7% of chiropractic 
visits. 
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Boyle E., et al. Examining VA Stroke in Two 
Canadian Provinces. 2008. Spine

The incidence of VBA strokes were similar in Ontario 
and Saskatchewan, even though chiro. utilization was 
10x higher in Saskatchewan.

Despite a sharp increase in VBA strokes for both 
provinces in 2000, there had been a gradual drop in 
chiro. util. during that time in Ontario, while util. in 
Saskatchewan remained relatively stable.

Therefore, at an ecological level, chiro. util. was not 
assoc. w/ an increased incidence of VBA strokes.

A Case In Point
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Turchin, P., Chiropractic and Stroke; Association 
or Causation? 2016. Int J Clin Pract. 

There is lack of compelling evidence that SMT is 
causally associated w/ stroke. Physical triggers, incl. 
SMT, can serve as a plausible final link between the 
underlying disease and subsequent stroke.

Few of Hill’s criteria for causality appear connected w/ 
VAD and chiropractic.

The quality of evidence suggesting causation between 
chiropractic and VAD is weak.

A Case In Point
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Rubinstein, M. et al. An Etiological Model to help 
Explain the Pathogenesis of CAD: Implications for 

Cervical Manipulation. 2006. JMPT.

It is highly unlikely that trivial trauma in the absence of 
other triggers, or infection in the absence of an 
underlying arteriopathy, are sufficient to cause a 
dissection, given the widespread daily occurrence of 
neck movements and sporting activities, the millions of 
cervical manipulations yearly, and the almost universal 
exposure to infection in the population.

A Case In Point
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Volker W., et al. Generalized Arteriopathy in 
Patients with CAD. 2005. Neurology.

This study made ultrastructural comparison of the super-
ficial temporal artery (STA) biopsy specimens from 
patients with spontaneous CAD and controls.
Dissection showed a zone of CT weakening w/ 
fissuring@ junction of tunica media and tunica adventicia
and erythrocyte infiltration, but in none of the controls.
This study suggests the presence of a generalized 
arteriopathy leading to impairment of the stability of the 
arterial wall in patients with CAD.

A Case In Point

43

Church E, et al. Systematic Review and Meta-
analysis of Chiropractic Care and CAD; No 

Evidence of Causation. 2016. Cureus

Meta-analysis of 253 published articles on chiropractic 
and CAD.

The quality of the body of evidence associating chiro. 
and VAD according to GRADE criteria was “very low.”

There is no convincing evidence to support a causal link 
between chiropractic manipulation and CAD.

A Case In Point
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Church E, et al. Systematic Review and Meta-
analysis of Chiropractic Care and CAD; No 

Evidence of Causation. 2016. Cureus

What small association between chiro. manip. and CAD 
found in the published literature, can be explained by the 
high risk of bias and confounding in the available 
studies, and in particular by the known association of 
neck pain and CAD in those seeking chiro. manipulation.

Belief in a causal link may have significant negative 
consequences such as numerous episodes of litigation.

A Case In Point
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A Case In Point

Effects of CMT 

on the Vertebral Arteries

46

A Case In Point

Wynd S, et al. Effect of cervical spinal manipulation 
on a pre-existing vascular lesion within the canine
Vertebral artery.  2008.  Cerebrovas. Dis. 

Lesions to VA were created by angioplasty in 10 anesthetized 
canines.

Pre-cSMT and post-cSMT lesions did not differ significantly
in their length, area, or volume.

In this animal model, cSMT did not alter the dimensions
of pre-existing VA lesions.
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Wuest S., et al. Preliminary 
Report: Biomechanics of Vertebral Artery 
Segments C1 - C6 during Cervical Spinal 
Manipulation. JMPT. May 2010.

In agreement with previous work on VA strains proximal 
and distal to the cervical transverse foramina, the 
engineering strains during cervical manipulation were lower 
than those obtained during range of motion testing, 
suggesting that neck manipulation impart stretches on the 
VA that are well within the normal physiologic range of 
neck motion.
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Quesnele, J., et al. Changes in Vertebral Artery Blood 
Flow Following Various Head Positions and Cervical 
Spinal Manipulation. JMPT. 2014. 

There were no significant changes in blood flow or velocity 
in the vertebral arteries of healthy young male adults after 
various head positions and cervical spine manipulations.
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Herzog W., et al. Vertebral Artery Strains 
During HVLA Cervical  Manipulation. J of 
Electromyography and Kinesiology. 2012.

Ave. and max. VA strains during HVLA manip. are 
substantially less than strains assoc. w/ ROM testing for VA 

VA strains obtained during CMT and ROM testing are 
substantially less than average failure rates.

Therefore, CMT performed by trained clinicians does not 
appear to place undue strain on the VA and thus does not 
seem to be a factor in vertebrobasilar injuries. 
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A Case In Point

Symons,B., et al. Internal Forces Sustained by the 
Vertebral Artery During Spinal Manipulative 
Therapy.  JMPT.  2002

Cervical SMT averaged 6% (elongation) at C0-C1 (Seg. V3)
Maximum strain was 11% using cervical break technique

ROM testing (rotation) averaged 13% at C0-C1

VBI testing (screening) resulted in 12% strain at C0-C1

Mechanical failure occurred between 139% to 162%
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A Case In Point

SMT resulted in strains to the VA that were almost an 
order of magnitude lower than the strains required to
mechanically disrupt it.

We conclude that under normal circumstances, a 
single typical (HVLA)  SMT thrust is very unlikely
to mechanically disrupt the VA.
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CMT and Internal Carotid
Artery Dissection

A Case In Point
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Association of Internal Carotid Artery 
Dissection and Chiropractic Manipulation. The 
Neurologist 9;35-44, 2003. Spine Research 
Institute, University of California at San Diego, 
School of Medicine. 

The Medical literature does not support a clear causal 
relationship between cervical manipulative therapy and 
internal carotid artery dissection. 
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Internal Carotid Artery Dissection Following 
Chiropractic Manipulation; Clinical Features and 
Mechanisms of Injury. Journal of American Chiropractic 
Association, Vol. 40, No. 5 May 2003.

The relationship between ICAD and CMT remains tenuous 
and a causal relationship is not supported by the medical 
literature. 
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Pre-Adjustment Vascular 
Screening Tests

A Case In Point
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Carotid Artery Blood Flow During Pre-
manipulative Testing, JMPT 2002, Vol. 25; 
568-72. 

A positive pre-manipulative test is not associated with a 
change in peak flow velocity or time-averaged mean flow 
velocity in either the carotid or the vertebral arteries. If pre-
manipulative testing is used solely for the detection of 
vascular insufficiency as a potential substrate for CVA’s 
after cervical manipulation, we believe that pre-
manipulative testing is of little clinical value. 
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Cote P., et al. The Validity of the extension-
rotation test as a Screening Procedure before 

Neck Manipulation: a Secondary analysis.  
1996.  JMPT.

Unfortunately, there is no acceptable screening 
procedure to identify patients with neck pain at risk of 
VBA stroke 

These events are rare and difficult to diagnose-
particularly in an outpatient setting.

A Case In Point
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n Yield an unacceptable percentage of false 
positives and false negatives

n Offer no reliable information

n May be enough to make a bad situation worse 
for the patient who has a VAD in progress

n Pre-manipulative provocative testing was 
abandoned by all of the clinic directors of U.S. 
chiropractic programs (which was supported 
by all of the presidents/deans of the schools) 
in March 2004

n Bottom Line: There are no reliable or safe 
tests that will rule out a VAD in progress and 
there are no tests that will identify a patient at 
risk for VAD.
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• There are no clear-cut predisposing factors 
that identify a patient susceptible to VAD…

• There are no testing procedures helpful in 
ruling out potential VAD patients…

• The great majority of VAD-in-progress 
patients present with musculoskeletal 
complaints (HA & neck pain) prior to the  
onset of ischemic symptoms…

What is a person to do?
A Case In Point

Therefore;
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History, History, History!

PMH & FMH;
n Inheritable CT disorders
n Hx of TIA or stroke (esp. < 45 yo) in patient or family
n hbp, smoker, Tx with FQ antibiotics, migraine 
n Age (< 45)
n HA (intense) unlike anything previously experienced
n Pulsatile tinnitus, hoarseness, dysphagia, numbness
n Vertigo, nausea, diplopia, unsteady gait
n Recent trauma- sports, MVA, fall

A Case In Point
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Symptoms Assocciated with VAD

Intense unilateral upper cervical pain with 
associated occipital HA that is unlike 
previous episodes.
Pain is sudden, sharp, severe, & constant.
Ischemic S&S may incl. vertigo, nausea, 
vomiting, diplopia, hoarseness, or alt. gait.
Pain is ipsilateral to the affected artery.

A Case In Point
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A Case In Point
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Symptoms Associated with ICAD

Anterolateral neck pain that can radiate 
into the ipsilateral jaw and face.
Frontotemporal HA (different than before).
Pain is gradual, pulsating, and steady.
Horner’s syn. (ptosis, miosis, anhydrosis)
Pulsatile tinnitus
CN IX – XII impairment- dysarthria, 
dysphagia, hoarseness, articulation

A Case In Point
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Clinical Pearl

The phrase:
“I have a pain in my 
neck and (or) head 

unlike anything I have 
ever had before.”

A Case In Point
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Pain referral common to Vertebral Pain referral common to Internal Carotid
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For those patients who experienced a 
VAD, on follow-up 50% had a recent 
appearance of a new chief complaint 
of upper neck pain (occipital area) 
and/or the hemicranium. The pain 
was described as throbbing, steady or 
sharp: the “thunderclap” headache.
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Look and Listen for:

• Five “Ds”
n Dizziness
n Drop attacks
n Diplopia
n Dysarthria
n Dysphagia

• And
n Ataxia

• Three “Ns”
n Nausea
n Numbness
n Nystagmus

A Case In Point

68

Perspective on the 5 D’s And 3 N’s!

• Many patients present to us with one or more of these 
symptoms

• These symptoms, in and of themselves, may or may 
not be an indication of a possible VAD-in-progress

• The constellation of symptoms (dizziness, nausea 
and diplopia, for example), the uniqueness of the 
symptom (drop attacks, for example) and/or the 
degree of the symptoms should draw the clinician’s 
attention

A Case In Point
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Tests Unique to Patients with Neck 
Pain and Associated Headaches

Cervical flexion rotation test- isolates 
ROM testing to C1 & C2 segments

Strength of deep anterior neck flexors-
Muscle weakness suggests 
musculoskeletal origin of symptoms.

A Case In Point
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Cervical Flexion Rotation Test

Passively moving pt.’s neck into full flexion 
eliminates segmental rotation below C2.

Passively rotate neck into rotation within 
pt. tolerance (nor.~ 44 degrees).

Unilateral restriction and/or pain > 10 
degrees constitutes a positive test.

A Case In Point
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Weakness of Deep Anterior Neck 
Flexors

Supine pt. is asked to look down at their toes.  
Normal firing- longus capitus, l. colli, SCM, ant. 
scalenes, ie. chin tuck and reversal of lordosis.  
Abnor. – chin protracts fwd., ie. overactive SCM.

Deep neck flexor endurance test.  Supine pt. 
asked to hold flexed position w/ chin retracted 1 
in. off table.  Nor. 40 sec. men and 30 sec. 
women.  Pts w/ pain ave. 30 sec.

A Case In Point
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Musculoskeletal vs. Vascular Symptoms

Vascular pain tends to be throbbing, 
pounding, or pulsing whereas 
musculoskeletal pain tends to be achy, 
sore, deep, cramping, or dull.
Musculoskeletal pain is often reproducible 
with provocative mvmts. or deep palpation 
and relieved by other mvmts.
Vas. pain doesn’t respond to analgesics.
Musculo. pain has restricted AROM.

A Case In Point
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Cranial Nerve Exam (II – XII)
(subsequent to regional cervical exam)

CN II, III, IV, VI- tracking, accommodation, 
nystagmus, diplopia, conjugate gaze
CN V- jaw mvmt
CN VII- facial asymmetry- smile, brow raise
CN VIII- rustling fingers over ears
CN IX, X- “Ahhh” (palate raises), articulation, 
hoarseness, swallow, whisper
CN XI- SCM and upper trapezius
CN XII- lateral deviation of the tongue

A Case In Point
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Evaluation of Relevant Areas of Brainstem

Solitary tract nucleus & dorsal vagal nucleus-
Difficulty swallowing, palatal paresis, hoarseness
Vestibular nuclei- Vertigo, nystagmus, diplopia
Trigeminal nucleus- Loss of facial sensation to 
light touch and temperature
Cerebellum- balance (Rhomberg’s), staggering 
gait (heel to toe walk), proprioception

A Case In Point
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Documentation of Exam Findings

Cranial nerves II-XII were evaluated and wnl. 
Neurological examination of the following areas of 
the brainstem were also unremarkable; solitary 
tract nucleus, dorsal vagal nucleus, vestibular 
nucleus, trigeminal nucleus, and the cerebellum.

A Case In Point
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Protocol if a patient demonstrates symptoms of a 
CVA in the office

• If the symptoms do NOT resolve quickly, 
monitor the patient and stay with them, no 
matter how full your waiting room.

• Monitor vitals, watch for the development of 
additional symptoms, ie. vertigo, nausea, 
diplopia, nystagmus, degree of confusion, etc.

• If symptoms persist > 5 min. or if they worsen, 
call 911.  Monitor the patient while waiting for 
ambulance.

• Do not readjust the patient under any 
circumstances
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Why Not Readjust?

IF the patient is experiencing a VAD, 
there is no form of adjustment that will 
minimize the consequences of the 
dissection, and the introduction of 
another force may disrupt the 
thrombus and create an emboli, 
increasing the likelihood of an 
ischemic event.
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• Your management and documentation of the 
situation are the most important issues in 
reducing morbidity, as well as in limiting or 
reducing liability.

• Your recognition of the post-adjustment 
symptom picture is critical.  You cannot 
assume that because VAD’s are rare that it 
won’t, didn’t or can’t happen in your office.
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Importance of Immediate Action
• VAD—>thrombus—>emboli—> 

cerebellar or brainstem ischemia

• Emergency pharmaceutical intervention, 
i.e. tPA, is most effective in the first 90 
mins, moderately effective for 3 hrs, and 
possibly effective for up to 6 hrs

• Time is of the essence!
A Case In Point
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Professional Liability Complications

• Failure to recognize what is going on, to write it off as 
a “normal reaction to an adjustment”

• Failure to monitor and document the progress of the 
patient following the onset of symptoms

• Failure to manage the situation properly and in a 
timely manner

• Readjusting the patient
• Sending the patient home if they are in an unstable 

state
• Taking a casual approach to making the proper 

referral
• Being less than honest and explicit in the record

A Case In Point
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It’s Not Your Fault

Unexpected, adverse outcomes in the 
wake of sound clinical decision making 
and efficacious treatment is not
malpractice.
You have not breached the standard of 
care.
Therefore, resist any temptation to “sweep 
an adverse outcome under the carpet!”

A Case In Point
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Tomorrow Morning
Include your staff in a plan for what you would 
do if… (emergency numbers, possible 
scenarios with action plans, so that you react to 
plans rather than problems)
• Document, Document, Document
• Understand the mechanisms involved and 

respond accordingly
• Act in the best interest of your patient, always 

and in all ways—this is ultimately in your best 
interest as well- it’s not your fault.

A Case In Point
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The Award Ceremony in Las Vegas
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