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Plausible Mechanisms of Causation of Stroke
Literature Search: 12 Results

Year Lead Author Field Design Publication Mechanism(s)
1989 Mas Neurology Case Report Neurology Thromboembolic

Thrombotic
1999 Haldeman Neurology

(Chiropractic)

Case Series Spine Thromboembolic

Thrombotic
2000 Norris Neurology Case Series Canadian Medical Association Journal Thromboembolic
2002 Haldeman Neurology

(Chiropractic)

Case Series Journal of Neurology Thromboembolic

Thrombotic
2003 Smith Neurology Case Control Neurology Thromboembolic

Thrombotic
2008 Cassidy Chiropractic Case Control Spine Thromboembolic
2009 Schwartz Neurology Case Series Journal of Stroke & Cerebrovascular Diseases Thromboembolic

Thrombotic
2011 Albuquerque Neurology Case Series Journal of Neurosurgery Thromboembolic

Thrombotic
2013 Tuchin Chiropractic Review International Journal of Clinical Practice Thromboembolic
2015 Whedon Chiropractic Case Cohort Journal of Manipulative & Physiological Therapeutics Thromboembolic

2016 Thomas Physical

Therapy

Review Manual Therapy Thromboembolic

Thrombotic
2016 Neeb & Reuter Neurology Review Treatment-Related Stroke Thromboembolic

Thrombotic



Plausible Mechanisms of Causation of Stroke
Mechanisms of Causation

Mechanism of 

Causation

Description

1. Thrombotic An already large cervical artery thrombus could be 

suddenly repositioned in such a way that it blocks 

the cervical artery, resulting in ischemic stroke from 

vascular occlusion.

2. Thromboembolic Sudden neck movement from CSM could dislodge a 

loosely adherent cervical artery thrombus. The 

dislodged embolus may travel and occlude a smaller 

artery that supplies the brain, resulting in ischemic 

stroke.
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Plausible Mechanisms of Causation of Stroke
2023 Lauretti ACA Seminar

• “We may be seeing those patients in 
that Stage 3 where they have the 
thrombus there, and the cervical 
adjustment may be enough force to not 
create a dissection, but it may be 
enough force to break the clot free. And 
that may be why the patient is having 
symptoms right in the chiropractor’s 
office right after that.”

• William Lauretti, DC, FICC, FACC
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Plausible Mechanisms of Causation of Stroke
2018 Ferezy ChiroClasses Seminar

• “Let’s say that the artery was 
dissecting, but not a stroke, and 
then the adjustment was given, the 
dissection continued along, or a 
thrombus broke an emboli off of it 
and that traveled, and the person 
had a stroke, then you could say 
that the adjustment precipitated 
the stroke.”

• Joseph Ferezy, DC, DACAN, FIACN



Plausible Mechanisms of Causation of Stroke
Reactions to this Study

• 1. There is no convincing evidence that CSM can cause CAD in a healthy 
cervical artery. (2016 Church)

• 2. It is plausible that CSM can cause thromboembolic or thrombotic 
stroke when performed in the presence of CAD. (12 studies)

• Chiropractors & Defense Attorneys: “No way! CSM can’t cause stroke!”

• Neurologists & Plaintiff Attorneys: “No way! CSM can cause CAD!”

• Physical Therapists: “Makes sense.”



Clinical Implications
The Standard of Care

• The standard of care for the chiropractic profession is what a reasonable 
& prudent chiropractic physician would do under same or similar 
circumstances.

• The standard of care is determined from:

1. Peer reviewed research, practice guidelines & best practices.
2. What is taught in accredited chiropractic graduate programs.
3. What is taught in accredited chiropractic postgraduate programs.
4. Legal & regulatory requirements for the practice of chiropractic.
5. Community standards in the local geographical region.



Clinical Implications
Breaches of The Standard of Care

• Common breaches of the SOC for the chiropractic profession in cases 
of CSM, CAD, and immediate post-manipulative stroke.

• 1. Failure to obtain Informed Consent to risk of CAD or stroke from CSM.

• 2. Misdiagnosis of cervical artery dissection.

• 3. Failure to diagnose and refer CAD to medical emergency.

• 4. Causation of stroke by performing CSM in the presence of CAD.

• 5. Misdiagnosis of stroke.

• 6. Failure to diagnose and refer stroke to medical emergency.



Clinical Implications
Informed Consent to Risk of CAD from CSM

• As there is a risk of CAD from 
CSM (in the presence of arterial 
weakness), and the potential 
consequences are severe, verbal 
& written informed consent to 
the risk of thromboembolic or 
thrombotic stroke from CSM 
should be obtained.



Clinical Implications
Informed Consent to Risk of CAD from CSM

• Even with a thorough history & 
examination, it is still possible to 
fail to diagnose arterial weakness 
(Ehlers-Danlos syndrome IV, 
fibromuscular dysplasia…).

• Therefore, physicians performing 
CSM should obtain informed 
consent to the risk of CAD as the 
result of CSM.



Clinical Implications
Informed Consent to Risk of Stroke from CSM

• As there is a risk of stroke from 
CSM, and the potential 
consequences are severe, verbal 
& written informed consent to 
the risk of thromboembolic or 
thrombotic stroke from CSM 
should be obtained.



Clinical Implications
Informed Consent to Risk of Stroke from CSM

• Even with a thorough history & 
examination, it is still possible to 
fail to diagnose CAD.

• Therefore, physicians performing 
CSM should obtain informed 
consent to the risk of stroke as 
the result of CSM.



Clinical Implications
Informed Consent: 2008 Lehman

• 1. The Informed Consent form should be 
signed by the patient.

• 2. The Informed Consent form should be 
signed by the physician.

• 3. There should be a physician/patient 
discussion documented in the chart.

• Lehman JJ, et al.
• Should the chiropractic profession embrace the 

doctrine of informed consent?
• J of Chiropractic Medicine. September 2008.



Clinical Implications
Informed Consent: Association of Chiropractic Colleges

• The physician should take into consideration both:

• 1. The potential severity of the injury or adverse consequences which 
may result.

• 2. The likelihood that the injury or consequence will occur.

• If a certain risk is a mere possibility which ordinarily need not be 
disclosed, yet if its occurrence carries serious consequences, such as 
paralysis or death, it should be regarded as a material risk requiring 
disclosure. 

• The physician should obtain verbal & written informed consent.



Clinical Implications
 Informed Consent: IFOMPT Statement

• “It is recommended that informed 
consent be obtained after a process of 
shared decision-making.”

• “Informed consent is obtained when a 
patient explicitly indicates either 
verbally or in writing, following 
adequate disclosure of information 
about the proposed procedure, and 
their consent to proceed with the 
treatment.”



Clinical Implications
IFOMPT Cervical Framework
• Rushton A, Carlesso LC, Flynn T, Hing 

WA, Kerry R, Rubinstein SM, et al.

• International Framework for 
Examination of the Cervical Region 
for potential of vascular pathologies 
of the neck prior to Orthopaedic 
Manual Therapy (OMT) 
Intervention: International IFOMPT 
Cervical Framework.

• International Federation of 
Orthopaedic Manipulative Physical 
Therapists. 2020.



Clinical Implications
International IFOMPT Cervical Framework

• Sidney Rubinstein, DC, PhD
• 1992, Los Angeles College of 

Chiropractic
• 2008, Vrige University Amsterdam

• Rubinstein SM, et al.
• A systematic review of the risk 

factors for cervical artery 
dissection.

• Stroke. July 2005. 



Clinical Implications
Discussion of Informed Consent



Clinical Implications
2010 Connecticut Board of Chiropractic

• The evidence is insufficient to conclude that a stroke or CAD is a risk or 
side effect of CSM. (The likelihood of suffering a stroke following an 
appointment with a DC is no greater than that following an 
appointment with a PCP).

• DCs are not required to address stroke or CAD as part of securing 
informed consent by patients to such treatment.

• DCs are required by the SOC to perform a history and physical 
examination and if determined that a patient is having a stroke or CAD, 
refrain from providing care and refer the patient for medical diagnosis 
and treatment.



Plausible Mechanisms of Causation of Stroke
Literature Search: 12 Results

Year Lead Author Field Design Publication Mechanism(s)
1989 Mas Neurology Case Report Neurology Thromboembolic

Thrombotic
1999 Haldeman Neurology

(Chiropractic)

Case Series Spine Thromboembolic

Thrombotic
2000 Norris Neurology Case Series Canadian Medical Association Journal Thromboembolic
2002 Haldeman Neurology

(Chiropractic)

Case Series Journal of Neurology Thromboembolic

Thrombotic
2003 Smith Neurology Case Control Neurology Thromboembolic

Thrombotic
2008 Cassidy Chiropractic Case Control Spine Thromboembolic
2009 Schwartz Neurology Case Series Journal of Stroke & Cerebrovascular Diseases Thromboembolic

Thrombotic
2011 Albuquerque Neurology Case Series Journal of Neurosurgery Thromboembolic

Thrombotic
2013 Tuchin Chiropractic Review International Journal of Clinical Practice Thromboembolic
2015 Whedon Chiropractic Case Cohort Journal of Manipulative & Physiological Therapeutics Thromboembolic

2016 Thomas Physical

Therapy

Review Manual Therapy Thromboembolic

Thrombotic
2016 Neeb & Reuter Neurology Review Treatment-Related Stroke Thromboembolic

Thrombotic



Clinical Implications
Breaches of The Standard of Care

• Common breaches of the SOC for the chiropractic profession in cases 
of CSM, CAD, and immediate post-manipulative stroke.

• 1. Failure to obtain Informed Consent to risk of CAD or stroke from CSM.

• 2. Misdiagnosis of cervical artery dissection.

• 3. Failure to diagnose and refer CAD to medical emergency.

• 4. Causation of stroke by performing CSM in the presence of CAD.

• 5. Misdiagnosis of stroke.

• 6. Failure to diagnose and refer stroke to medical emergency.



Clinical Implications
The Standard of Care

• The standard of care for the Chiropractic profession is what a 
reasonable & prudent Doctor of Chiropractic would do under same or 
similar circumstances.

• The standard of care is determined from:

1. Peer reviewed research, practice guidelines & best practices.
2. What is taught in accredited Chiropractic graduate programs.
3. What is taught in accredited Chiropractic postgraduate programs.
4. Legal & regulatory requirements for the practice of Chiropractic.
5. Community standards in the local geographical region.



Clinical Implications
 Diagnostic Assessment 

to Exclude CAD

• Chaibi A, Russell MB
• A risk-benefit 

assessment strategy to 
exclude cervical artery 
dissection in spinal 
manual-therapy: a 
comprehensive review

• Annals of Medicine
• March 2019



Clinical Implications
Diagnostic Assessment to Exclude CAD

• Aleksander Chaibi, DC, PT, PhD

• DC, Macquaire University
• PT, Fontys University
• PhD, Headaches, University of 

Oslo School of Medicine
• Senior Researcher, University of 

Oslo School of Medicine
• Clinician at Atlasklinikken in Oslo



Clinical Implications
 History Taking & Examination

• “History taking, especially regarding the time of symptom onset, is the 
single most important factor for detecting subtle symptoms of CAD; 
thus, PCPs and, especially, manual therapists should dedicate enough 
time during the first consultation to allow for thorough history taking 
and physical examination.”

• There is no single objective screening test for CAD. In March 2004, US 
chiropractic colleges agreed to abandon the teaching and use of 
provocative testing.

• Therefore, the physician must have knowledge of the subjective 
symptoms of CAD, and a high index of clinical suspicion.



Clinical Implications
History Taking & Examination

• Gottesman RF, et al.
• Clinical characteristics of symptomatic vertebral 

artery dissection: a systematic review.
• Neurologist. September 2012.

• Gottesman RF, et al.
• Imaging characteristics of symptomatic 

vertebral artery dissection: a systematic review.
• Neurologist. September 2012.





Clinical Implications
History Taking & Examination

• In this study, dizziness or vertigo was the most common 
symptom among individuals with vertebral artery 
dissection. Not neck pain and headache.

• “Nearly one in four patients had no craniocervical pain 
either as an index symptom or evolving by the time of 
diagnosis.”

• “VAD should be considered in the diagnostic assessment 
of patients presenting with dizziness or craniocervical 
pain, even in the absence of other risk factors.”



Clinical Implications
History Taking & Examination

• Trager R J, et al. Symptoms of Patients With Vertebral Artery Dissection Presenting 
to Chiropractors: A Systematic Review and Meta-Analysis. Cureus. December 2023.



• “…focus should be directed to the 
early detection and exclusion of CAD, 
and questions should be raised on 
how to minimize the risk.”

• Chaibi A, Russell MB
• A risk-benefit assessment strategy to 

exclude cervical artery dissection in spinal 
manual-therapy: a comprehensive review

• Annals of Medicine
• March 2019

Clinical Implications
Diagnostic Assessment

to Exclude CAD



Clinical Implications
Diagnostic Assessment to Exclude CAD





Clinical Implications
2013 Quinn: VAD & C5-C6 Radiculopathy

• A 32-year-old mechanic developed severe left 
neck pain. Two days later, left arm weakness, 
two days later, left jaw numbness.

• Exam revealed weakness in the C5 myotome 
& absent biceps reflex, but no facial or jaw 
numbness.

• Quinn C, Salameh J.
• Vertebral artery dissection causing an acute 

C5 radiculopathy.
• Neurology. September 2013.



Clinical Implications
2013 Quinn: VAD & C5-C6 Radiculopathy

• (A) No disc herniations.

• (B) Large left V2 VAD compressing 
the C5 nerve root.

• (C) MRA and CTA confirmed 
intramural hematoma with 
dissection flap from C2-C4.

• (D) EMG & neuroexam 1 month 
later, subacute C5 radiculopathy & 
atrophy in the C5 myotome.



Clinical Implications
2013 Silbert: VAD & C5-C6 Radiculopathy

• 43-year-old woman with proximal left arm 
weakness and neck pain aggravated by 
movement.

• Left VAD with intramural hematoma from C2-C7 
compressing left C5 and C6 nerve roots.

• Silbert BI, et al.
• Vertebral artery dissection as a cause of 

cervical radiculopathy.
• Asian Spine J. December 2013.



Clinical Implications
2014 Mattox: VAD & C5-C6 Radiculopathy

• 45-year-old woman with neck pain, headache 
& pain in the posterior portion of right arm 
down to the elbow three days.

• Dissection right V2 from C3-C5 compressing 
nerve roots.

• Mattox R, et al.
• Recognition of spontaneous vertebral artery 

dissection preempting spinal manipulative therapy: a 
patient presenting with neck pain and headache for 
chiropractic care.

• Journal of Chiropractic Medicine. June 2014.



Clinical Implications
Diagnostic Assessment to Exclude CAD



• Aleksander Chaibi, DC, PT, PhD
• Michael Bjørn Russell, MD

• A risk-benefit assessment 
strategy to exclude cervical 
artery dissection in spinal 
manual-therapy: a 
comprehensive review

• Annals of Medicine
• March 2019

Clinical Implications
Diagnostic Assessment

to Exclude CAD



Clinical Implications
IFOMPT Cervical Framework
• Rushton A, Carlesso LC, Flynn T, Hing 

WA, Kerry R, Rubinstein SM, et al.

• International Framework for 
Examination of the Cervical Region 
for potential of vascular pathologies 
of the neck prior to Orthopaedic 
Manual Therapy (OMT) 
Intervention: International IFOMPT 
Cervical Framework.

• International Federation of 
Orthopaedic Manipulative Physical 
Therapists. 2020.



Clinical Implications
2011 Mosby Case Report: DC Diagnosis of VAD

• “This case suggests that careful 
history taking and awareness of the 
symptoms of VAD are necessary in 
cases of sudden head and neck pain.”

• Mosby JS, et al.
• Vertebral artery dissection in a 

patient practicing self-manipulation 
of the neck

• J of Chiropractic Medicine
• December 2011



Clinical Implications
2011 Mosby Case Report: DC Diagnosis of VAD

• 42-year-old female sought care for left shoulder pain and left lower neck pain. 
Twelve days prior, she had “the worst headache of her life,” which began in her left 
lower cervical spine and extended to her left temporal region. The pain was sudden 
and severe, was described as sharp and burning, and lasted 3 hours. She reported 
nausea, vomiting & blurred vision. History & examination suggested that the 
patient's head and neck pain was not musculoskeletal in origin, but vascular.

• She repeatedly requested that CSM be performed, but instead was referred to the 
local ED for further evaluation. MRA revealed left VAD from C6 to the C2-C3 
interspace and a 3-mm dissecting pseudoaneurysm at the C3 level. She underwent 
stent-assisted percutaneous transluminal angioplasty combined with antiplatelet 
therapy and experienced a good outcome.



Clinical Implications
2015 Futch Case Report: DC Diagnosis of VAD

• 30-year-old woman presented with severe 
neck pain. ER two days earlier for sudden 
onset transient loss of left peripheral vision.

• No CSM. DC ordered MRA. Showed acute 
left VAD with early thrombus formation.

• Treated with aspirin therapy. Thrombus 
resolved. No stroke.

• Futch D, et al.
• Vertebral artery dissection in evolution 

found during chiropractic examination.
• BMJ Case Reports. November 2015.



Clinical Implications
2015 Tarola Case Report: DC Diagnosis of VAD

• 34-year-old woman with a constant burning pain at the right side of her 
suboccipital neck and upper shoulder with a limited ability to turn her 
head from side to side, periods of blurred vision & muffled hearing.

• Dizziness, visual & auditory disturbances, and balance difficulty abated 
within 1 hour of onset (lifting) and were not present at the evaluation.

• Pins and needles sensation on the dorsal surface of both forearms. 
Turning head from side-to-side aggravated the pain.

• Tarola G, et al.
• Chiropractic Response to a Spontaneous Vertebral Artery Dissection.
• Journal of Chiropractic Medicine. September 2015.



Clinical Implications
2015 Tarola Case Report: DC Diagnosis of VAD

• Patient advised of the possibility of CAD, 
recommended to the ED. Patient declined. 
Convinced by her DC (three days later) to 
present to the ED.

• MRA showed left VA was hypoplastic and 
appeared to terminate at the left PICA.

• Abrupt moderately long segment of 
narrowing involving right VA beginning 
near the junction of V1 & V2 segments.

• Radiologist noted right VAD. Treated with 
aspirin, condition resolved.



Plausible Mechanisms of Causation of Stroke
2002 Haldeman Case Series

• “This study was unable to identify factors from the 
clinical history & physical examination of the 
patient that would assist a physician attempting to 
isolate the patient at risk of cerebral ischemia after 
CSM.”

• Haldeman S, et al.
• Unpredictability of cerebrovascular ischemia 

associated with CSM therapy: a review of 64 
cases after CSM.

• Spine. January 2002.



Plausible Mechanisms of Causation of Stroke
2002 Haldeman Case Series

• “Cerebrovascular accidents after manipulation 
appear to be unpredictable and should be 
considered an inherent, idiosyncratic, and rare 
complication of this treatment approach.”

• Haldeman S, et al.
• Unpredictability of cerebrovascular ischemia 

associated with CSM therapy: a review of 64 
cases after CSM.

• Spine. January 2002.









Clinical Implications
2021 Hutting Case Report: Failure to Diagnose VAD

• 49-year-old man with left neck pain & mild occiput 
pain. No injury. No medications. Referred for PT.

• Immediate stroke during cervical spine 
mobilization. Vertebral artery dissection.

• Patient was a non-native Dutch speaker. Personal & 
family history of high blood pressure & high 
cholesterol. Personal history of angioplasty. 

• Hutting N, et al.
• Identifying vascular pathologies or flow 

limitations: Important aspects in the clinical 
reasoning process.

• Musculoskelet Sci Pract. June 2021. 



Clinical Implications
2014 Mattox Case Report: Failure to Diagnose VAD

• Subjective
• A 45-year-old female presented with upper back/neck 

pain and stiffness, headache, and pain in the posterior 
portion of the right arm down to the elbow of 3 days 
duration. Discomfort progressed in severity in the 24 
hours prior to presentation, which is what prompted her 
appointment. No history of trauma.

• Mattox R, et al.
• Recognition of spontaneous VAD preempting SMT: a 

patient presenting with neck pain and headache for 
chiropractic care.

• Journal of Chiropractic Medicine. June 2014.



Clinical Implications
2014 Mattox Case Report: Failure to Diagnose VAD

• Objective 
• “Physical examination revealed painful & 

limited active ROM in the cervical region. 
Palpation was provocative for tenderness.”

• No vital signs. No blood pressure.
• No orthopedic or neurological testing.
• No imaging considered or ordered.

• Diagnosis
• Myofascial pain syndrome.
• No differential diagnosis was formulated.
• Spontaneous VAD was not recognized.



Clinical Implications
Failure to Diagnose CAD

• Common Misdiagnoses:

• Cervical segmental dysfunction

• Vertebral subluxation complex

• Cervical sprain/strain

• Myofascial pain syndrome

• Migraine

• Stress/Tension headache

• Neck pain

• Torticollis

• Sinus infection

• Cervicogenic dizziness



Clinical Implications
Cervical Artery Dissection: Good Prognosis

• “Neck pain is a reliable symptom of 
the onset of dissection…”

• “These otherwise asymptomatic 
lesions will heal when left alone…”

• Norris JW, et al.
• Sudden neck movement and cervical 

artery dissection.
• Canadian Medical Association Journal.
• July 2000.



Clinical Implications
Cervical Artery Dissection: Good Prognosis

• “Most dissections of the vertebral 
arteries heal spontaneously and 
especially, extracranial VADs generally 
carry a good prognosis.”

• Park, et al.
• Vertebral artery dissection: natural 

history, clinical feature and 
therapeutic considerations.

• J. Korean Neurosurg Soc.
• September 2008.



Clinical Implications
Cervical Artery Dissection: Good Prognosis

• “…in general, individuals with VAD 
appear to have relatively good 
outcomes when treated in routine 
clinical fashion.”

• Gottesman RF, et al.
• Clinical characteristics of symptomatic 

vertebral artery dissection: a 
systematic review.

• The Neurologist. September 2012. 



Clinical Implications
Cervical Artery Dissection: Good Prognosis

• In a population with CAD without ischemia, 98.3% 
did not develop stroke in the first 12 weeks following 
diagnosis and treatment of CAD.

• The number who developed stroke after 12 weeks 
was not statistically significant.

• The risk of stroke following CAD without ischemia at 
time of diagnosis appears to be limited to the first 2 
weeks.

• Morris NA, et al.
• Timing of Incident Stroke Risk After CAD Presenting 

Without Ischemia.
• Stroke. March 2017.



Clinical Implications
Failure to Diagnose Stroke

• Common Misdiagnoses:

• “Reaction to the adjustment”

• Sympathetic reaction/storm

• Vaso-vagal response

• Loose otolith (“crystals”)

• Hypoglycemia (low blood sugar)

• Flu

• Anxiety attack

• Vertigo attack



Clinical Implications
Toxin Release

• Spinal manipulation may cause 
toxin release with symptoms 
that last for hours or days.

• Experienced by approximately 
20% of chiropractic patients.

• 35 million people in the US visit a 
chiropractic physician annually.

• 7 million people per year in the 
US experience toxin release after 
spinal manipulation.

• Symptoms of Toxin Release After 
Spinal Manipulation

• 1. Dizziness

• 2. Nausea

• 3. Headaches

• 4. Sweating

• 5. Fatigue

• 6. Diarrhea

• 7. Fever



Clinical Implications
Signs & Symptoms of Stroke

• DCs should be aware of the signs & 
symptoms of immediate post-
manipulative stroke to make a referral 
to medical emergency:

• NAUSEA/VOMITING

• DIZZINESS/VERTIGO

• DIAPHORESIS

• TIME to Call 911



Clinical Implications
Signs & Symptoms of Stroke

• 5 “Ds”, 3 “Ns”, and an “A”

• Dizziness (vertigo)

• Drop attacks (loss of consciousness)

• Diplopia (double vision)

• Dysarthria (difficulty talking)

• Dysphagia (difficulty swallowing)

• Nausea (vomiting)

• Numbness (of face)

• Nystagmus (repetitive, uncontrolled eye movements)

• Ataxia (loss of coordination & balance)



Clinical Implications
Missed Ischemic Stroke Diagnosis in the ED by 

Emergency Medicine & Neurology Services (2016 Stroke)



Implications for Physician Liability
Three Clinical Settings

• 1. Patient presenting with symptoms of neck pain and/or headache 
accompanied by neurological symptoms has an immediate stroke after 
CSM.

• 2. Patient presenting with symptoms of neck pain and/or headache has 
an immediate stroke after CSM.

• 3. Patient presenting with no symptoms has an immediate stroke after 
CSM.

• IN ALL THREE CLINICAL SETTINGS, CAD MUST BE EXCLUDED BEFORE 
PERFORMING CSM.



Implications for Physician Liability
Three Clinical Settings

• 3. Patient presenting with no symptoms has an immediate stroke after 
CSM.

• The healing arterial wall may become asymptomatic with the thrombus 
still present. The physician may fail to diagnose the asymptomatic CAD if 
they do not obtain a thorough history to discover a recent history of 
neck pain and/or headache characteristic of CAD.

• Lee et al. (2006) reported three cases of asymptomatic CAD at the time 
of imaging. However, medical records were not reviewed for a recent 
history of neck pain and/or headache characteristic of CAD.



Implications for Medicolegal Causation
2019 Ahuja

• Randomized controlled trials (RCTs) 
have not been done.

• RCTs are infeasible in these clinical 
settings due to the:

• 1. Rarity of CAD
• 2. Life-threatening nature of stroke

• As RCTs are infeasible, the next best 
external evidence that is available 
must be used.



Implications for Medicolegal Causation
2019 Ahuja

• RCTs have never been done on:
• Appendectomy
• Aortic aneurysm repair
• Any major surgical intervention
• The Heimlich Maneuver
• External defibrillation

• Ahuja AS.
• Should RCT's be used as the gold standard 

for evidence-based medicine?
• Integr Med Res. 2019.



Criteria for Medicolegal Causation
2018 Freeman

• In the absence of RCTs, medicolegal 
causation can be established as more 
likely than not on the basis of:

• 1. Plausibility
• 2. Temporality
• 3. Lack of a more probable alternative 

explanation

• Freeman MD. A Practicable and Systematic 
Approach to Medicolegal Causation. 
Orthopedics. March 2018.



Criteria for Medicolegal Causation

Criteria Description

1. Plausibility There should be pre-existing CAD. Thromboembolic and 

thrombotic mechanisms of causation of immediate stroke by 

CSM are plausible in the presence of CAD.

2. Temporality There should be a close temporal association (seconds or 

minutes) between CSM and the onset of ischemic stroke 

symptoms.

3. Lack of a more 

probable explanation

There should not be a more probable alternative explanation 

for the cause of the post-manipulative stroke. If it is hours, 

days, or weeks after CSM before the onset of ischemic stroke 

symptoms, there could be a more probable alternative 

explanation for the cause of the stroke.



Criteria for Medicolegal Causation
Confounders

• A confounder is any unmeasured variable that may make a purported 
causative relationship correlative or associative.

• If a confounder is present, there may be a more probable alternative 
explanation for the alleged causal relationship.

• However, in the case of an immediate thromboembolic or thrombotic 
stroke after CSM performed in the presence of CAD, the presence of a 
confounder is unlikely.

• In cases of non-immediate stroke after CSM, the presence of a 
confounder is more likely.



Criteria for Medicolegal Causation
Alternative Explanation 1: Coincidence

• It is a “coincidence” the stroke occurred immediately after CSM. It was a 
“spontaneous event” unrelated to the CSM.

• In many cases the CAD is present and stable for days or weeks before stroke 
occurs. It is only immediately after CSM that ischemic symptoms of stroke 
begin or worsen. It is unlikely that a pre-existing CAD, which had been 
present and stable for days or weeks, coincidentally evolves into stroke 
immediately after CSM.

• The most probable explanation is that CSM caused the stroke by a 
thromboembolic or thrombotic mechanism.

• If a case proceeds to trial, the jury will decide if it was a “coincidence”.



Criteria for Medicolegal Causation
Protopathic Bias

• Occurs when an exposure (CSM) is delivered in the presence of one disease (CAD) 
before a second disease occurs (stroke). This can lead to the conclusion that the 
exposure (CSM) caused the outcome (stroke), even though CSM was not on the 
causal pathway.

• In cases of non-immediate stroke, protopathic bias can explain the association 
between CSM and stroke. There is no plausible causal pathway, there is no 
temporality, and there could be a more probable alternative explanation.

• However, in cases of immediate stroke, there are plausible causal pathways, there is 
temporality, and there is not likely to be a more probable alternative explanation.

• There is a basis for medicolegal causation in the case of an immediate stroke.



Establishing Medicolegal Causation
Alternative Explanation 1: Coincidence

• “It is highly improbable that a young 
patient will have a stroke and have 
had SMT within seconds purely by 
chance given the relatively low 
frequency of both events.”

• Smith WS, Johnston SC, et al.
• Spinal manipulative therapy is an 

independent risk factor for vertebral 
artery dissection.

• Neurology. May 2003.



Criteria for Medicolegal Causation
Alternative Explanation 2: Further Neck Movements

• When ischemic symptoms after CSM begin after further neck 
movements, an alternative explanation is that further neck 
movements dislodged or repositioned a thrombus. This may or may 
not be a more probable alternative explanation.

• If the patient performed neck movements involving full possible ROM 
then those neck movements may be a more probable alternative 
explanation. Movements involving full possible ROM:

• 1. Exert more stretch on the cervical artery than CSM
• 2. Elongate the cervical artery more than CSM.



Criteria for Medicolegal Causation
Alternative Explanation 2: Further Neck Movements

• Summary of the results of four biomechanical 
cadaver studies demonstrating that strains to 
the cervical arteries during CSM are typically 
less than 50% of strains obtained during 
normal ROM testing, and far less than failure 
strains.

• Symons B, Herzog W.
• Cervical artery dissection: a biomechanical 

perspective.
• J Can Chiropr Assoc. December 2013.



Criteria for Medicolegal Causation
Alternative Explanation 2: Further Neck Movements

• “Measured in arbitrary in-situ head/neck positions, VA 
were slack. It appears that this slack must be taken up 
prior to VA experiencing tensile force. During CSMs 
(using cervical spine extension and rotation), arterial 
length changes remained below that slack length, 
suggesting that VA elongated but were not stretched 
during the manipulation.”

• Gorrell LM, et al.
• Vertebral arteries do not experience tensile force 

during manual cervical spine manipulation applied to 
human cadavers.

• J Man Manip Ther. August 2023.



Criteria for Medicolegal Causation
Alternative Explanation 3: Stroke is Inevitable



Criteria for Medicolegal Causation
Alternative Explanation 3: Stroke is Inevitable

• VADS: “Vertebral Artery Dissection & Stroke”
• VAD and Stroke are two separate conditions.

• There is an “inevitable progression” of VAD to stroke which “occurs as 
a result of the natural history of VADS.”

• FALSE. It is not “inevitable” that VAD will progress into stroke.

• Most VADs do not cause strokes.
• Most VADs heal spontaneously and carry a good prognosis.

• Most strokes are not caused by VADs.
• VADs and ICADs together account for only 2% of ischemic strokes.



Criteria for Medicolegal Causation
Alternative Explanation 3: Stroke is Inevitable

• With proper diagnosis and treatment, 
dissection rarely progresses into stroke.

• In general, individuals with VAD appear 
to have relatively good outcomes when 
treated in a routine clinical fashion 
[2012 Gottesman].

• When CAD is diagnosed and referred 
for emergency medical care, the 
chance of avoiding stroke is almost 
100% [2017 Morris].



Suggestions for Further Research
Intimal Flap Mechanism

• In a patient susceptible to CAD, it is plausible that 
CSM could cause CAD and the intimal flap could 
obstruct the cervical artery or a branch vessel, 
impede blood flow to the brain, and cause 
immediate post-manipulative ischemic stroke. No 
study was found that proposed this mechanism in 
a cervical artery.

• Lombardi JV, et al. Society for Vascular Surgery 
(SVS) and Society of Thoracic Surgeons (STS) 
reporting standards for type B aortic dissections. 
J Vasc Surg. March 2020.



Suggestions for Further Research
Clinical Practice Guidelines



Suggestions for Further Research
Immediate Cohort

• Epidemiological studies with an 
immediate cohort established by 
the medical records.

• In Whedon’s 2015 study, 55 cases of 
stroke which occurred on the same 
day as a DC office visit were 
excluded.

• Whedon speculated that the stroke 
occurred before the DC visit.



Plausible Mechanisms of Causation of Stroke
Limitations

• 1. This is a narrative review, rather than a systematic review. As article 
screening and data extraction were done by a single author, it is possible 
that relevant articles may have been missed, or that there may have 
been errors in extraction.

• 2. Only two literature databases were searched. Future research could 
be improved by searching databases from physiotherapy, osteopathic, 
naturopathic, neurology, and emergency medicine professions. Other 
databases that could also be searched include EBSCOhost, Scopus, Web 
of Science, and Google Scholar.



Plausible Mechanisms of Causation of Stroke
Conclusions

• 1. There are plausible thromboembolic and thrombotic mechanisms of 
causation of immediate stroke by CSM in the literature. (12 studies)

• 2. The common premise of these mechanisms is CAD being present 
before CSM, and not occurring because of CSM.

• 3. These mechanisms of causation have clinical and medicolegal 
implications for physicians performing CSM.
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