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Grand Rounds:
Medically Caused CAD: Fluoroquinolones
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Disclosures ● Dr. Demetrious owns and operates 
PostGradDC.com, a company that offers advanced 
online post-graduate continuing education.

● Dr. Demetrious is a member of the NCMIC 
Speakers’ Bureau. He teaches advanced continuing 
education course work throughout the United 
States.

● Text and graphics on the following slides are 
presented for educational purposes. Meticulous 
references and attribution have been made to 
respective authors and copyright holders.
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Disclaimer ●The views and opinions expressed in 
this presentation are solely those of 
the author.

●Dr. Demetrious and PostGradDC do 
not set practice standards.

●NCMIC does not set practice 
standards. 

●We offer this only to educate and 
inform.
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Full-time D.C.s can attend an 8-hour qualifying seminar 
and receive a 5% discount for 3 consecutive years on the 
renewal of their malpractice insurance premium (2.5% 

discount for part-time D.C.s).

To receive the discount, the DC can email or fax a copy of 
their CE form to NCMIC.

Earn NCMIC Premium Discounts
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How about a new way to consider cervical 
artery dissection risk factors?

Is infection the CeAD risk factor or is it due to 
prescribed antibiotics?

Are migraines the CeAD risk factor or is it due 
to prescribed Triptans?

Do young females represent a CeAD risk 
factor or is it due to prescribed oral 

contraceptives? 

~ James Demetrious, DC, DABCO

Purpose…

James Demetrious, DC, DABCO
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The Invisible Elephant in the Room…

7

CAD…Diagnostic Risk Factors

8James Demetrious, DC, DABCO
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● Osteogenesis imperfecta type I

● α1-Antitrypsin deficiency

● 677T genotype MTHFR

● Hyperhomocysteinemia

● Cystic medial necrosis of intracranial vessels

● Styloid process length

● ICAM-1 E4690 K gene polymorphism

● Autosomal-dominant polycystic kidney disease

● Infection

● Moyamoya disease 

● Lentiginosis

● Vessel redundancies (coils, kinks, loops), especially if bilateral

Factors Associated With CD:
● Major and minor cervical trauma

● Arterial hypertension

● Young age

● Current use of oral contraceptives

● Migraine

● Fibromuscular dysplasia

● Ultrastructural connective tissue abnormalities

● Vascular subtype of Ehlers-Danlos syndrome

● Marfan syndrome

● Turner syndrome

● Williams syndrome

● Familial cases

● Hereditary hemochromatosis

Stroke. 2014;45:3155-3174.
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CAD Risk Factors?
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● Open Neurol J. 2010; 4: 50–55. Cervical Artery Dissection: Emerging Risk Factors
● Primary disease of arterial wall (fibrodysplasia), Ehlers Danlos-syndrome IV, Marfan’s syndrome, 

vessel tortuosity, recent respiratory tract infection, migraine, hyperhomocysteinemia, major 
head/neck trauma like chiropractic maneuver, coughing or hyperextension injury associated to 
car.

● Lancet Neurol. 2009 Jul;8(7):668-78. Cervical-artery dissections: predisposing factors, 
diagnosis, and outcome.

● Trauma to the neck, infection, migraine, hyperhomocysteinaemia, underlying arteriopathy

● Stroke. 2005 Jul;36(7):1575-80. A systematic review of the risk factors for cervical artery 
dissection.

● Aortic root diameter >34 mm, trauma, homocysteine, and recent infection.

CAD Risk Factors?

10James Demetrious, DC, DABCO
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Infection?

James Demetrious, DC, DABCO 11

● In 15 (of 43 in their cohort) patients with CAD (35%) and in 5 control patients (9%; P=.003), 
infection had been diagnosed and treated by physicians before dissection or ischemia.

No other detail related to antibiotics prescribed.

11

Infection?

James Demetrious, DC, DABCO 12

● Infection is often associated with events causing mechanical stress to cervical arteries, 
such as cough, vomiting, and intensive sneezing. 

● However, in our multivariate analysis, a diagnosis of recent infection but not cough, 
sneezing, or vomiting was independently associated with CAD. 

● As such mechanical factors occur frequently, they could not explain the low recurrence 
rate of CAD. 

● Thus, mechanical stress does not sufficiently explain the association between infection 
and CAD.

12
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● A 21- year-old man with fever, cough 
and purulent sputum was diagnosed 
as lobar pneumonia (leukocytosis: 
16.9/nL and positive chest X-ray) and 
treated with levofloxacin for 3 days.

James Demetrious, DC, DABCO

Infection?
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● On the fourth day, pneumonia symptoms had 
improved, including coughing, and he was 
discharged. 

● In the same night, he woke up with a sudden 
onset of intense right hemi-cranial and 
retroorbital pain followed by visual disturbance 
and left hemiplegia. 

● Brain CT revealed a right striatocapsular
ischemic stroke (Fig 2). 

● Four-vessel digital angiography showed an 
irregular high-grade stenosis at the right 
internal carotid artery (ICA) starting about 2 cm 
distal to the carotid bulb extending until an 
occlusion into the petrous bone. 

● The proximal segment of the right ICA had a 
tapered flame-like appearance. There was an 
accentuation of the filling of the external 
carotid artery branches (Fig 3). 

● These findings supported the diagnosis of 
arterial dissection. 

James Demetrious, DC, DABCO

Infection?
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● In conclusion, we call attention to the diagnosis of CAD as an important cause of ischemic 
stroke in young patients and reinforce the possibility of recent infection as an 
environmental trigger factor for spontaneous CAD. 

Infection??? How about iatrogenic Fluoroquinolone caused CAD?

Infection?

15

16James Demetrious, DC, DABCO
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Fluoroquinolones
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James Demetrious, DC, DABCO 18

●The FDA has added multiple black box warnings to 
fluoroquinolone antibiotics, a class of broad-spectrum drugs that 
treat bacterial infections:

●July 2008: Increased risk of tendon rupture and tendinitis

●February 2011: Worsening symptoms for people with 
myasthenia gravis

●August 2013: Potential for irreversible peripheral neuropathy, a 
nerve condition that can cause pain, numbness, and weakness 
in the hands and feet

●July 2016: Other serious risks, including cardiac, dermatologic, 
and hypersensitivity reactions

Fluoroquinolones

18
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Fluoroquinolones

19

James Demetrious, DC, DABCO 20

“Of note, in December 2018, FDA issued several “black box warnings” 
against FQ with the latest safety announcement warning about an 

increased risk of ruptures in the aorta blood vessel in certain 
patients.”

Fluoroquinolones

20
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Fluoroquinolones and CAD?

21James Demetrious, DC, DABCO
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Fluoroquinolones?

22



6/4/24

12

James Demetrious, DC, DABCO 23

My Hypothesis

23

24

Environmental risk factors 

● A history of recent infection has been 
associated as a risk factor for cervical artery 
dissection [6, 7]. 

● Suda et al. reported an average of 24.5% 
more antibiotic prescriptions were 
dispensed in the winter months than in the 
summer, over a 5-year study period with a 
mean outpatient consumption of quinolone 
antibiotics of 13.66% [8]. 

● These combined factors may partially 
explain the seasonal variation and increased 
risk of dissection during winter months. 

James Demetrious, DC, DABCO

My Hypothesis
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Discussion 

● It is plausible that fluoroquinolones may incite connective 
tissue degradation and play a contributory role in the genesis 
of cervical artery dissections. 

● When considering relationships the extent of adverse effects 
associated with fluoroquinolones, some multifactorial, 
interrelated risk factors and associations warrant further 
investigation regarding the etiology of spontaneous cervical 
artery dissection: 

● Connective tissue: Aortic and cervical arteries are comprised of 
connective tissue. Fluoroquinolone toxicity is associated with 
connective tissue degradation and aortic aneurysms. Adverse 
effects of fluoroquinolone medications may explain why otherwise 
normal; young populations experience cervical artery dissections. 

● Infections and seasonal relationships: Infections are associated 
with an increased risk of cervical artery dissection. The frequency 
of infections, fluoroquinolone utilization and cervical artery 
dissections increase during winter months. These temporal 
relationships may predispose patients to iatrogenic cervical artery 
dissections. 

● Latency: The latencies of clinical manifestations following the 
utilization of fluoroquinolone medications require careful 
consideration by clinicians. 

● When considering these factors, it is reasonable to ponder an 
associated causality between fluoroquinolone use and 
cervical artery dissection. 

James Demetrious, DC, DABCO

My Hypothesis
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Fluoroquinolones, aortic aneurysms, and cervical 
arterial dissections

● Collagen is a major extracellular matrix component of 
the aortic wall raising the concern that 
fluoroquinolones may cause or aggravate an aortic 
aneurysm and dissection. 

● Lee et al. reported a 2- fold increase in the risk of an 
aortic aneurysm and dissection within 60 days of 
fluoroquinolone exposure [14]. 

● The tunica adventitia of the aortic, carotid and 
vertebral arteries are comprised of dense irregular 
connective tissue containing loosely organized 
collagen fibers [17]. 

● As fluoroquinolones may induce degradation of 
collagen causing aortic dissection and aneurysm, this 
raises the concern that fluoroquinolones may cause 
cervical artery dissections by a similar mechanism. 

James Demetrious, DC, DABCO
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Conclusion 

● A causal relationship of fluoroquinolone 
antibiotics to cervical artery dissection is 
plausible. Fluoroquinolones may indeed be 
a novel and previously unrecognized cause 
of cervical artery dissections. 

● This hypothesis is insufficient to conclude 
that fluoroquinolones represent a current 
and established risk factor for the 
development of cervical artery dissections. 

● An initial call for case reports and formal 
investigation is warranted. An extensive 
longitudinally observed population study 
might shed light upon this subject. 

James Demetrious, DC, DABCO

My Hypothesis
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Initial Independent Confirmation
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James Demetrious, DC, DABCO 30

Case 1

● A 45-year-old man presented to the emergency department with sudden-
onset left posterior neck pain and left hemiparesis. 

● His medical history included hypertension, dyslipidemia, and diabetes 
mellitus, and he had taken levofloxacin orally for a sore throat and cough for 8 
days. 

● He had no history of connective tissue disease or head and neck trauma. 

● His vital signs were normal, except for high blood pressure (152/95 mmHg). 

● A neurological examination revealed nystagmus, left hemifacial hypoalgesia, 
left-sided deficit of cranial nerves VII, IX, and X and paralysis of the left upper 
limb. 

● Magnetic resonance imaging (MRI)/magnetic resonance angiography (MRA) 
of the brain revealed left vertebral artery dissection and infarction of the left 
me-dulla (Fig. 1, 2). 

● A diagnosis of Wallenberg syndrome associated with vertebral artery 
dissection was made. 

● He received conservative therapy and was subsequently tranferred to a 
rehabilitation hospital on day 30. He had a Modified Rankin Scale score of 3. 

Initial Independent Confirmation
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Case 2
● A 66-year-old man was transferred to the hospital for the 

treatment of pancreatitis with pancreatic abscess. 

● He developed pneumonia and was initially treated with 
intravenous levofloxacin on postoperative day 9. 

● He developed sudden-onset left occipital pain on 
postoperative day 13. 

● MRI/MRA performed on postoperative day 17 revealed left
vertebral artery dissection (Fig. 3). 

● His vital signs were normal, with no neurologic 
abnormalities, and 

● MRI showed no complications of ischemic stroke. 
● The administration of levofloxacin was continued until 

postoperative day 30. The patient was discharged on 
postoperative day 35 with no neurological complications. 

Initial Independent Confirmation

31
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● There are several possible mechanisms through which quinolones may cause arterial dissection:

● Quinolones have properties, such as chelation of several metal ions (e.g., calcium, magnesium, and 
aluminum), which are essential for type 1 collagen synthesis (1), 

● The decreased expression and activity of lysyl oxidase, and the increased expression and activity of 
matrix metalloproteinases (1, 5). 

● Type 1 collagen is a major component of the vessel wall (6), and a decrease of type 1 collagen may lead to vessel 
wall vulnerability. 

● The lysyl oxidases are extracellular copper enzymes that initiate the crosslinking of collagens and elastin. 

● These crosslinks provide the tensile strength and elastic properties of vascular walls. 

● Some reports indicated that decreased expression of lysyl oxidase can be associated with vulnerability of arteries 
(7), which can result in aortic dissection and aneurysm (8). 

● Matrix metalloproteinases are a family of proteolytic enzymes that degrade several components of the 
extracellular matrix and which mediate vascular remodeling, which may cause vascular dissection. In 
fact, increase serum levels of matrix metalloproteinase-9 have been reported to be associated with 
vertebral artery dissection (9). 

Initial Independent Confirmation
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Initial Independent Confirmation
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Follow-Up...
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Some Citations…

35
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“It was understood that the patient had presented to 
an external facility with complaints of fever and fati- 
gue approximately 1 month earlier, and had received 
therapy after being diagnosed with COVID-19.” 

James Demetrious, DC, DABCO

Some Citations…
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● Some hypothesized biological mechanisms have 
been proposed:

●  FQ may interfere with ECM integrity in the aortas.

● Dysregulation of ECM homeostasis disrupted ECM 
integrity and impaired biomechanical strength, 
which finally triggered progressive aortic 
weakening, dissection, or rupture [55]. 

● Enzymatic degradation of ECM by MMPs and 
vascular remodeling constituted the most 
prominent characters of AA [56]. 

● FQ reduced collagen production in tenocytes [57] 
and fibroblasts [58]. 

● Ciprofloxacin (the most commonly used FQ) 
suppressed TIMP-1 expression but enhanced MMP 
expression in the cornea [59], in tendon cells and 
tissues [57, 60], and in fibroblasts [61], which finally 
promoted MMP activation and tissue destruction. 

Mechanisms of FQ Damage

37
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● It was suggested that ciprofloxacin greatly up-
regulated MMP activity more than twofold in 
cultured human aortic smooth muscle cells 
(HASMCs) [62]. 

● Human aortic fibroblasts exposed to FQ showed 
an increased capacity for ECM dysregulation by 
reducing the expression of collagen and 
endogenous pro-tease inhibitors protein. 

● They further demonstrated collagen 
degradation and decreased TIMPs activity in 
human aortic fibroblasts cultured with 2 days FQ 
[63]. 

● A recent study confirmed that ciprofloxacin 
significantly increased the incidence of AAD 
(79%) in mice [47]. 

Mechanisms of FQ Damage

38
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Mechanisms of FQ Damage

39
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● Population-based studies reported an annual incidence of AA of 3–13.7/100,000 population, and AD of 3–
20/100,000 population [2–4]. 

● Over the past decades, it is suggested that the rate of mortality from AA and AD has risen ranging from 1.2 
to 24.8 fold in many developed countries, such as the United States, Britain and Japan [6, 7]. 

● Fluoroquinolones (FQ) are the most widely used pre- scribed antibiotics in the world. In the United States 
alone, about 30 million outpatient prescribed with FQ per year [9]. 

● FQ shows activity against both Gram-positive and Gram-negative bacteria, and are widely used to treat skin, 
urinary tract, bone, soft tissue, pulmonary infections and so on. 

Further Study…

40
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● FQ are classified into 5 categories:

● 1st generation FQ include nalidixic acid, oxolinic acid, pipemidic acid and rosoxacin.

● 2nd generation FQ contain ciprofloxacin, norfloxacin, enoxacin, pefloxacin, lomefloxacin, nadifloxacin, rufloxacin, and 
ofloxacin.

● 3rd generation FQ contain levofloxacin, pazufloxacin, temafloxacin, tosufloxacin, sparfloxacin, gre- pafloxacin, and 
balofloxacin 

● 4th generation FQ include prulifloxacin, trovafloxacin, alatrofloxacin, delafloxacin, clinafloxacin, besifloxacin, 
sitafloxacin, finafloxacin, gatifloxacin, gemi- floxacin, and moxifloxacin 

● 5th generation FQ include lev- onadifloxacin, nemonoxacin (non-fluorinated quinolone antibiotic), and zabofloxacin 

Further Study…

41
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● The most common AEs of FQ are mild and reversible, like 
headaches, diarrhea and nausea.  However, we should pay more 
attention to FQ-related serious AEs, such as:

● tendinitis and tendon rupture, 

● hepatic toxicity, 

● Clostrid- ium difficile infections, 

● prolonged QT interval, 

● torsades de pointes (ventricular tachycardia), 

● phototoxicity, 

● dysglycemia, 

● acute renal failure and 

● seizures [23, 24]

● arrhythmia (85% increase) and cardiovascular mortality (71% 
increase). 

● In December 2018, FDA issued several “black box warnings” 
against FQ about an increased risk of ruptures in the aorta 
blood vessel in certain patients. 

Further Study…
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● Numerous studies have highlighted the critical roles of 
smooth muscle function and extracellular matrix (ECM) 
(collagen and elastic fibers) in structural integrity of the 
arterial wall. 

● Collagen and elastic fibers play important roles in the 
mechanical properties of the vessel wall. 

● At the pathological level, TAA is characterized by medial 
degeneration, including:

●  elastic fibers fragmentation and loss of elastic tissue, 

● vascular smooth muscle cells (VSMCs) loss, defects in 
collagen microarchitecture, 

● proteoglycan deposition and a less remarkable inflammatory 
cells infiltration. 

● Moreover, three important pathological marks are displayed 
in the progression of AAA: 

● ECM degradation, 

● VSMCs loss and 

● infiltration of macrophages, neutrophils, mast cells and T/B 
lymphocytes. 

Further Study…

43
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●Lee et al. [1] found an increased risk 
in AAD with FQ use (rate ratio 
[RR]=2.43; 95% confidence interval 
[CI]=1.83–3.22). 

●Revealed a twofold increase the risk 
of AAD after FQ exposure. 

●Oral FQ were associated with 
increased incidence of aneurysm 
formation in United States adults. 

Duration of FQ Use

44
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● Current FQ use within 60 days was associated 
with the highest risk of AAD.

● Increased risk of AAD with prolonged FQ use. 

● Higher risk of AAD was associated with FQ 
exposure for longer than 14 days. 

● However, recent results indicated that FQ were 
associated with increased 90-day incidence of:

● AAA (HR=1.31; 95% CI 1.25–1.37), 

● iliac artery aneurysm (HR = 1.60; 95% CI 1.33–1.91), 

● and other AAA (HR=1.58; 95% CI 1.39–1.79) [41]. 

● Of note, the investigator suggested that FQ 
should be used with caution in adults, not just in 
high-risk individuals [41]. 

Duration of FQ Use
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Fluoroquinolone latency

● A considerable latency from the commencement of 
fluoroquinolones to the onset of symptoms have 
been attributed to delayed mitochondrial toxicity, 
depletion, mutation, and cytotoxicity providing a 
foundation for reported occurrence of associated ad- 
verse effects [12]. 

● In a review of 98 case reports of fluoroquinolone- 
associated tendinopathy, symptoms were reported 
as occurring within two hours of taking the 
medication to as long as six months after the 
cessation of treatment, with the median time of 
onset of six days [13]. 

● The FDA reports that side effects occurred within 
hours to weeks after starting the fluoroquinolone, for 
an average of fourteen months to as long as nine 
years after stopping the medicines. 

● Several cases reported that some side effects 
stopped or improved after discontinuation of the 
drug; others reported the side effects worsened or 
continued [9]. 

James Demetrious, DC, DABCO

Latencies…
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Questions?

James Demetrious, DC, DABCO - PostGradDC.com 47

●Any clinical experience with FQs in your office?
●Thoughts about contributing predispositions that 

may produce the perfect storm?
●Are FQ’s a CeAD risk factor?
●Decision making?
●Recommendations?
●New research?

47
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Protecting patients.

Protecting your family, 
practice, and 
profession.

Professional 
development.

James Demetrious, DC, DABCO - PostGradDC.com
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The PostGradDC Certifications
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● We are building a series of PostGradDC Certifications

● Our coursework is approved by the American College of 
Chiropractic Orthopedists, and the International Academy 
of Neuromusculoskeletal Medicine and PACE.

● Each certification will entail 10 CE hours of designated 
coursework.

● 7 CE Hours of Recorded ONLINE coursework;

● 3 CE Hours of LIVE Grand Rounds Webinars.

The PostGradDC Certifications

James Demetrious, DC, DABCO - PostGradDC.com
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Upcoming Grand Rounds Schedule
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Upcoming Rounds

●July 2, 2024 – Modic Changes
●Additional live qualifying CAD classes will be 

available at the end of the year.

The First Tuesday of the Month at 8PM EST

James Demetrious, DC, DABCO - PostGradDC.com
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PostGradDC.com
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Thank you!

James Demetrious, DC, DABCO - PostGradDC.com
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Credit and Certification
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●You must complete the Class Survey to receive your Certificate of 
Completion and license renewal credit (for those doctors practicing 
in PACE approved states).

●Go to PostGradDC.com, log onto your account, go to My 
Account and click on the class. 

●Complete the survey. Your Certificate of Completion will be 
generated and accessible in a PDF format.

●To achieve PostGradDC CAD Certification, complete the requisite 
classes listed on our Certification page and submit your form for 
processing.
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