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Objectives
At the conclusion of this learning activity, participants 
will be able to:
 List at least 2 common post-acute COVID sequelae
 Identify one theory to the cause of Long COVID 
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Name & Definition

Lack of return to usual state of health 
~8-12 weeks after acute SARS-CoV-2 

infection
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History of Long COVID
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• 515 million people worldwide infected with COVID; 6.2 million deaths (1M US)
• ~ 510 million COVID survivors
• 10 – 30 % go on to develop long COVID
• 125 million long COVID worldwide (23M US)
• 1 million Americans are out of work due to symptoms of long COVID
• Women are less likely to develop severe acute COVID but more likely to develop long 

COVID than men.
• More than a third of patients with COVID-19 experience more than one persistent 

symptom
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COVID by the numbers
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 Variants
 Vaccine status
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Dartmouth PACS clinic 
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Long COVID Sequelae

More than a third of patients 
with COVID-19 experience more 

than one persistent symptom.
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Sequelae of serious illness? (e.g. post-ICU syndrome, end organ damage?)
Persistent virus reservoirs/viral remnants in tissues?
Re-activation of other pathogens under immune dysregulation (e.g. EBV)?
Immune dysregulation, Autoimmunity/Autoantibodies?
Stimulation of hyper-inflammatory/cytokine pathways?
Endothelial damage and microvascular injury? Hypercoagulation?
Autonomic dysregulation/Disrupted brainstem/vagus nerve signaling?
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Causes of Long COVID?



May 11, 2022 13Dartmouth Hitchcock Medical Center

Risk factors

Health disparities for 
COVID-19 likely to 
persist with long COVID
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Risk Factors
January, 2022

For key risk factors associated with 
developing long COVID:
• Type 2 Diabetes
• Genetic material of SARS-CoV-2 virus in 

the blood
• Evidence of Epstein-Barr Virus in the 

blood
• Presence of auto-antibodies (molecules 

that attack the body’s own tissues)



Post-COVID Fatigue

May 11, 2022 15Dartmouth Hitchcock Medical Center



• Lack of energy; tiredness, muscle weakness, poor endurance. 
• Physical, cognitive, emotional
• Persistent or fluctuating; mild to severe
• May be profound, preclude return to any semblance of normal activity.
• Patients report “crashing” if they do too much, can last for days.
• Exacerbated by stress, exercise, physical or mental activity thus complicating 

rehabilitation and return to work.
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Post-COVID Fatigue



Fatigue - management

• Avoid “push and crash” cycles
• Energy conservation strategies
• Heart rate monitoring 
• Physical therapy/Occupational therapy*
• Promote healthy lifestyle



Neurological Manifestations of 
Long Haul-Covid



• Definitions
• Common features
• Epidemiology
• Anatomy and Pathophysiology
• Presentation
• Exam and Diagnostics
• Treatment and Management
• Prevention

May 16, 2022 19

Neurological Manifestations of Long Haul Covid



Definitions

• Also known as: Post Acute Covid Syndrome, Post Acute 
Sequelae of Covid, Long-Haul Covid, etc. 

• Several differing definitions with diverse timelines and 
symptomology - historically anywhere from 4 weeks to 18 
weeks with more than 55 symptoms ranging from fatigue, 
cognitive deficits, sensory changes, myalgia and 
cardiopulmonary dysfunction
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General consensus leaning toward 12 week timeline with 
definition as: 

“signs and symptoms that develop during or after an infection 
consistent with Covid-19, continue for more than 12 weeks, 
and are not explained by an alternative diagnosis OR … history 
of probable or confirmed SARS-CoV-2 infection, usually 3 
months from the onset of Covid-19 with symptoms that last for 
at least 2 months and cannot be explained by and alternative 
diagnosis.” 
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Definitions



• Frequent co-morbidities
– Depression/anxiety – 42%

– Autoimmune disease – 16%

• Fatigue – 85%
• Brain Fog – 81%
• Headache – 68%
• Paresthesias – 60%
• Dysgeusia – 59%
• Anosmia – 55%
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Common Features



• Approximately 30% to 50% of patients report symptoms consistent with long-
covid when surveyed

• Nearly one-third of these patients will report neurological or psychiatric 
symptoms between 3-6 months after acute infection.
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Epidemiology 



1. Viral neuroinvasion
- direct invasion via ACE2 receptor in nasal epithelium and olfactory bulb which extends into 
frontal cortex

2. Endothelial dysfunction
- leaky blood brain barrier due to inflammation

3. Coagulopathies
- Leading to ischemic changes

4. Toxicometabolic/inflammatory changes
- Leading to oxidative stress and cell death

May 16, 2022 24

Anatomy and Pathophysiology – theories for CNS/PNS 
involvement



• Theories of Neurological Dysfunction:
– Neurologic injury secondary to hypoxemia, metabolic dysfunction

– RAAS – SARS-CoV-2 uses ACE2 protein to enter cells. Normally ACE2 catalyzes the 
conversion of angiotensin II to angiotensin I-7 acting to down-regulate vasodilation, fibrosis 
and proliferative properties. Theoretically, SARS-CoV-2 could cause damage by altering 
functions 

– SARS-CoV-2 utilizes angiotensin converting enzyme 2 (ACE2), a membrane-bound protein, 
as its point of entry into cells. ACE2 functions to convert angiotensin II into angiotensin-(1-7), 
which has vasodilator, antiproliferative, and antifibrotic properties [22,23]. By binding to ACE2, 
the SARS-CoV-2 virus may damage vascular endothelial cells by inhibiting mitochondrial 
function and endothelial nitric oxide synthetase activity resulting in secondary cardio- and 
cerebrovascular effects
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Anatomy and Physiology 

https://www-uptodate-com.dartmouth.idm.oclc.org/contents/covid-19-neurologic-complications-and-management-of-neurologic-conditions/abstract/22,23


• Not uncommon for patients to experience post-viral syndromes
– EBV, Lyme, Giardia

• In long-term SARS follow-up (15 years) 
– people found that fatigue and psychological problems saw most improvement in 1-2 year 

range

– About 40% still experience chronic fatigue two years after SARS diagnosis
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Post Viral Syndromes



• In a review of 18 studies comprised of 10,530 patients: 
– 59% female 

– Mean age 52

– ½ were hospitalized (13% in ICU)

– Most common: 
• Fatigue 37%

• Brain fog 32%

• Sleep disturbance 31%

• Memory deficit 28%
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Presentation



• Because Covid is a multi-system disease and symptoms are extremely heterogeneous, 
must rule out other contributing causes

– ECG, CXR, MRI brain, CAT scan chest, TTE, Tilt Table testing, orthostatic testing, autonomic 
testing, nerve conduction studies, nerve/vascular biopsies, blood count, endocrine function, 
renal/hepatic function, 6-minute walk testing, multiple assessment scales (depression, fatigue, 
anxiety, apathy, smell tests, PTSD), MOCA, neuropsychological testing, endothelial testing, 
PET (restricted to research at this point), spirometry, O2 saturation, autoimmune biomarkers
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Exam and Diagnostics



• Largely supportive at this point and based on mimicking conditions such as CFS and 
ME (myalgic encephalomyelitis)

• Limited research-based evidence at this point. There is anecdotal evidence currently 
for: 
– Propanolol/betablockers – use in tachycardia syndromes without overt hypotension 

– Duloxetine/Pregablin/Gabapentin – neuropathies/depression, though can affect cognition

– Modafinil/stimulants – cognition, sleep wake cycle dysfunction

– Anti-inflammatories – melatonin, CoQ10, fish oil, Vitamin D, Vitamin E, 

– Immune modulation – singulair
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Treatment and Management



• VACCINATION, VACCINATION, VACCINATION

• Healthy lifestyle and exercise

• Socialization
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Prevention



• ADLs, IADLs
• Social/family dynamics
• Loss of employment, enrollment in school
• Loss of income
• Loss of identity
• Disability
• Legal / workman’s comp
• Returning to work / Vocational Rehab

May 11, 2022 31Dartmouth Hitchcock Medical Center

Work / Life Complications
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Patient experience



DON’T GET COVID! 
Vaccinate
No magic bullet; focus is on symptom management and supportive care
There is a lot we still do not understand
Empathy toward patients experiencing long COVID is fundamental.
Listen

Validate

Not everything is PACS
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Take Home Messages



Department of Orthopaedics
NEW LONDON HOSPITAL

Thank you!

Any questions?



• Bala, M., Seim, L., Dawson, N., Knight, D., & Abu Dabrh, A. (2022). Post-acute sequelae of COVID-19 (PASC): a meta-narrative review of pathophysiology, prevalence, and 
management. SN Comprehensive Clinical Magazine, 4: 90.

• Carruthers, van de Sande, De Meirleir, Klimas, et. Al (2011). Myalgic encephalomyelitis: International consensus criteria. Journal of Internal Medicine, 270: 327-338.

• Davis HE, Assaf GS, McCorkell L, et al. Characterizing Long COVID in an international cohort: 7 Months of symptoms and their impact. medRxiv [Preprint]. 2020.

• National Institute for Health Research (NIHR). Living with COVID-19: Second Review (2021). Retrieved on November 15, 2021 from: 
file:///C:/Users/Christina%20F.%20Martin/Desktop/NIHR_COVID_REPORT_FINAL-150321-1_1_.pdf

• Shah W, Hillman T, Playford ED, Hishmeh L. Managing the long term effects of covid-19: summary of NICE, SIGN, and RCGP rapid guideline. BMJ. 2021;372:n136. 
doi:10.1136/bmj.n136 - DOI – PubMed

• Stefano, G.B. (2021). Historical insight into infections and disorders associated with neurological and psychiatric sequelae similar to long COVID. Medical Science Monitor, 27. 
Retrieved on November 1, 2021 from https://www.medscimonit.com/abstract/index/idArt/931447.

• Strain, W.D. (2021) *PRE PRINT* The impact of COVID vaccination on symptoms of long COVID. An international survey of people with lived experiences of long COVID. The 
Lancet. Retrieved on November 15, 2021 from: https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3868856

• World Health Organization 2021. Available under the CC BY-NC-SA 3.0 IGO license. WHO reference number: WHO/2019-nCoV/Post_COVID-
19_condition/Clinical_case_definition/2021.1 

• Yapeng, Yuan, chen, Ng, Wang, et. Al. (2022). Multiple early factors anticipate post-acute COVID-19 sequelae. Cell. 185(5): 881-895. 

• Yong, S.J., (2020) *PRE PRINT* Long-Haul COVID-19: Putative Pathophysiology, Risk Factors, and Treatments. Retrieved on 11/15/2021 from 
https://www.preprints.org/manuscript/202012.0242/v1.

May 11, 2022 35Dartmouth Hitchcock Medical Center

References



• Raj, S.R., Arnold, A.C., Barboi, A. et al. Long-COVID postural tachycardia syndrome: an American Autonomic Society statement. Clin Auton Res 31, 365–368 (2021). https://doi-
org.dartmouth.idm.oclc.org/10.1007/s10286-021-00798-2

• Shimohata T. (2021). Neuro-COVID-19. Clinical & experimental neuroimmunology, 10.1111/cen3.12676. Advance online publication. https://doi.org/10.1111/cen3.12676

• Graham EL, Clark JR, Orban ZS, Lim PH, Szymanski AL, Taylor C, DiBiase RM, Jia DT, Balabanov R, Ho SU, Batra A, Liotta EM, Koralnik IJ. Persistent neurologic symptoms and cognitive 
dysfunction in non-hospitalized Covid-19 "long haulers". Ann Clin Transl Neurol. 2021 May;8(5):1073-1085. doi: 10.1002/acn3.51350. Epub 2021 Mar 30. PMID: 33755344; PMCID: 
PMC8108421

• Asadi-Pooya AA, Akbari A, Emami A, Lotfi M, Rostamihosseinkhani M, Nemati H, Barzegar Z, Kabiri M, Zeraatpisheh Z, Farjoud-Kouhanjani M, Jafari A, Sasannia F, Ashrafi S, Nazeri M, Nasiri
S, Shahisavandi M. Long COVID syndrome-associated brain fog. J Med Virol. 2021 Oct 21:10.1002/jmv.27404. doi: 10.1002/jmv.27404. Epub ahead of print. PMID: 34672377; PMCID: 
PMC8662118

• Larsen NW, Stiles LE, Miglis MG. Preparing for the long-haul: Autonomic complications of COVID-19. Auton Neurosci. 2021 Nov;235:102841. doi: 10.1016/j.autneu.2021.102841. Epub 2021 Jul 
3. PMID: 34265539; PMCID: PMC8254396.

• Deer RR, Rock MA, Vasilevsky N, Carmody L, Rando H, Anzalone AJ, Basson MD, Bennett TD, Bergquist T, Boudreau EA, Bramante CT, Byrd JB, Callahan TJ, Chan LE, Chu H, Chute CG, 
Coleman BD, Davis HE, Gagnier J, Greene CS, Hillegass WB, Kavuluru R, Kimble WD, Koraishy FM, Köhler S, Liang C, Liu F, Liu H, Madhira V, Madlock-Brown CR, Matentzoglu N, Mazzotti
DR, McMurry JA, McNair DS, Moffitt RA, Monteith TS, Parker AM, Perry MA, Pfaff E, Reese JT, Saltz J, Schuff RA, Solomonides AE, Solway J, Spratt H, Stein GS, Sule AA, Topaloglu U, 
Vavougios GD, Wang L, Haendel MA, Robinson PN. Characterizing Long COVID: Deep Phenotype of a Complex Condition. EBioMedicine. 2021 Dec;74:103722. doi: 
10.1016/j.ebiom.2021.103722. Epub 2021 Nov 25. PMID: 34839263; PMCID: PMC8613500.

• Hugon J, Msika EF, Queneau M, Farid K, Paquet C. Long COVID: cognitive complaints (brain fog) and dysfunction of the cingulate cortex. J Neurol. 2022 Jan;269(1):44-46. doi: 10.1007/s00415-
021-10655-x. Epub 2021 Jun 18. PMID: 34143277; PMCID: PMC8211714.

May 11, 2022 36Dartmouth Hitchcock Medical Center

References:

https://doi-org.dartmouth.idm.oclc.org/10.1007/s10286-021-00798-2
https://doi.org/10.1111/cen3.12676


• Moreno-Pérez O, Merino E, Leon-Ramirez JM, Andres M, Ramos JM, Arenas-Jiménez J, Asensio S, Sanchez R, Ruiz-Torregrosa P, Galan I, Scholz A, Amo A, González-
delaAleja P, Boix V, Gil J; COVID19-ALC research group. Post-acute COVID-19 syndrome. Incidence and risk factors: A Mediterranean cohort study. J Infect. 2021 
Mar;82(3):378-383. doi: 10.1016/j.jinf.2021.01.004. Epub 2021 Jan 12. PMID: 33450302; PMCID: PMC7802523.

• Leta V, Rodríguez-Violante M, Abundes A, Rukavina K, Teo JT, Falup-Pecurariu C, Irincu L, Rota S, Bhidayasiri R, Storch A, Odin P, Antonini A, Ray Chaudhuri K. 
Parkinson's Disease and Post-COVID-19 Syndrome: The Parkinson's Long-COVID Spectrum. Mov Disord. 2021 Jun;36(6):1287-1289. doi: 10.1002/mds.28622. Epub 2021 
Apr 28. PMID: 33890344; PMCID: PMC8250675.

• Theoharides TC. Could SARS-CoV-2 Spike Protein Be Responsible for Long-COVID Syndrome? Mol Neurobiol. 2022 Mar;59(3):1850-1861. doi: 10.1007/s12035-021-02696-
0. Epub 2022 Jan 13. PMID: 35028901; PMCID: PMC8757925.

• Camargo-Martínez W, Lozada-Martínez I, Escobar-Collazos A, Navarro-Coronado A, Moscote-Salazar L, Pacheco-Hernández A, Janjua T, Bosque-Varela P. Post-COVID 19 
neurological syndrome: Implications for sequelae's treatment. J Clin Neurosci. 2021 Jun;88:219-225. doi: 10.1016/j.jocn.2021.04.001. Epub 2021 Apr 8. PMID: 33992187; 
PMCID: PMC8031003.

• Premraj L, Kannapadi NV, Briggs J, Seal SM, Battaglini D, Fanning J, Suen J, Robba C, Fraser J, Cho SM. Mid and long-term neurological and neuropsychiatric 
manifestations of post-COVID-19 syndrome: A meta-analysis. J Neurol Sci. 2022 Mar 15;434:120162. doi: 10.1016/j.jns.2022.120162. Epub 2022 Jan 29. PMID: 35121209; 
PMCID: PMC8798975.

• Stefanou MI, Palaiodimou L, Bakola E, Smyrnis N, Papadopoulou M, Paraskevas GP, Rizos E, Boutati E, Grigoriadis N, Krogias C, Giannopoulos S, Tsiodras S, Gaga M, 
Tsivgoulis G. Neurological manifestations of long-COVID syndrome: a narrative review. Ther Adv Chronic Dis. 2022 Feb 17;13:20406223221076890. doi: 
10.1177/20406223221076890. PMID: 35198136; PMCID: PMC8859684.

• Baig AM. Chronic long-COVID syndrome: A protracted COVID-19 illness with neurological dysfunctions. CNS Neurosci Ther. 2021 Dec;27(12):1433-1436. doi: 
10.1111/cns.13737. Epub 2021 Oct 9. PMID: 34626096; PMCID: PMC8611765.

May 11, 2022 37Dartmouth Hitchcock Medical Center

References:



• Moghimi N, Di Napoli M, Biller J, Siegler JE, Shekhar R, McCullough LD, Harkins MS, Hong E, Alaouieh DA, Mansueto G, Divani AA. The Neurological Manifestations of Post-Acute 
Sequelae of SARS-CoV-2 infection. Curr Neurol Neurosci Rep. 2021 Jun 28;21(9):44. doi: 10.1007/s11910-021-01130-1. PMID: 34181102; PMCID: PMC8237541.

• Lo YL. COVID-19, fatigue, and dysautonomia. J Med Virol. 2021 Mar;93(3):1213. doi: 10.1002/jmv.26552. Epub 2020 Oct 5. PMID: 32975809.

• Ståhlberg M, Reistam U, Fedorowski A, Villacorta H, Horiuchi Y, Bax J, Pitt B, Matskeplishvili S, Lüscher TF, Weichert I, Thani KB, Maisel A. Post-COVID-19 Tachycardia Syndrome: 
A Distinct Phenotype of Post-Acute COVID-19 Syndrome. Am J Med. 2021 Dec;134(12):1451-1456. doi: 10.1016/j.amjmed.2021.07.004. Epub 2021 Aug 11. PMID: 34390682; 
PMCID: PMC8356730.

• Williams S, Wynford-Thomas R, Robertson NP. Long-COVID: neurological manifestations and management. J Neurol. 2021 Dec;268(12):4915-4917. doi: 10.1007/s00415-021-
10847-5. Epub 2021 Oct 21. PMID: 34674007; PMCID: PMC8529360.

• Asadi-Pooya AA, Akbari A, Emami A, Lotfi M, Rostamihosseinkhani M, Nemati H, Barzegar Z, Kabiri M, Zeraatpisheh Z, Farjoud-Kouhanjani M, Jafari A, Sasannia F, Ashrafi S, 
Nazeri M, Nasiri S, Shahisavandi M. Risk Factors Associated with Long COVID Syndrome: A Retrospective Study. Iran J Med Sci. 2021 Nov;46(6):428-436. doi: 
10.30476/ijms.2021.92080.2326. PMID: 34840383; PMCID: PMC8611223.

• Jesuthasan A, Massey F, Manji H, Zandi MS, Wiethoff S. Emerging potential mechanisms and predispositions to the neurological manifestations of COVID-19. J Neurol Sci. 2021 Sep 
15;428:117608. doi: 10.1016/j.jns.2021.117608. Epub 2021 Aug 4. PMID: 34391037; PMCID: PMC8332920.

• Charfeddine S, Ibn Hadj Amor H, Jdidi J, Torjmen S, Kraiem S, Hammami R, Bahloul A, Kallel N, Moussa N, Touil I, Ghrab A, Elghoul J, Meddeb Z, Thabet Y, Kammoun S, Bouslama
K, Milouchi S, Abdessalem S, Abid L. Long COVID 19 Syndrome: Is It Related to Microcirculation and Endothelial Dysfunction? Insights From TUN-EndCOV Study. Front Cardiovasc
Med. 2021 Nov 30;8:745758. doi: 10.3389/fcvm.2021.745758. PMID: 34917659; PMCID: PMC8670225.

May 11, 2022 38Dartmouth Hitchcock Medical Center

References:



• Dressing A, Bormann T, Blazhenets G, Schroeter N, Walter LI, Thurow J, August D, Hilger H, Stete K, Gerstacker K, Arndt S, Rau A, Urbach H, Rieg S, Wagner D, Weiller C, 
Meyer PT, Hosp JA. Neuropsychological profiles and cerebral glucose metabolism in neurocognitive Long COVID-syndrome. J Nucl Med. 2021 Oct 14:jnumed.121.262677. 
doi: 10.2967/jnumed.121.262677. Epub ahead of print. PMID: 34649946.

• Balcom EF, Nath A, Power C. Acute and chronic neurological disorders in COVID-19: potential mechanisms of disease. Brain. 2021 Dec 31;144(12):3576-3588. doi: 
10.1093/brain/awab302. PMID: 34398188; PMCID: PMC8719840.

• Badenoch JB, Rengasamy ER, Watson C, Jansen K, Chakraborty S, Sundaram RD, Hafeez D, Burchill E, Saini A, Thomas L, Cross B, Hunt CK, Conti I, Ralovska S, Hussain 
Z, Butler M, Pollak TA, Koychev I, Michael BD, Holling H, Nicholson TR, Rogers JP, Rooney AG. Persistent neuropsychiatric symptoms after COVID-19: a systematic review 
and meta-analysis. Brain Commun. 2021 Dec 17;4(1):fcab297. doi: 10.1093/braincomms/fcab297. PMID: 35169700; PMCID: PMC8833580.

• Tabacof L, Tosto-Mancuso J, Wood J, Cortes M, Kontorovich A, McCarthy D, Rizk D, Rozanski G, Breyman E, Nasr L, Kellner C, Herrera JE, Putrino D. Post-acute COVID-19 
Syndrome Negatively Impacts Physical Function, Cognitive Function, Health-Related Quality of Life, and Participation. Am J Phys Med Rehabil. 2022 Jan 1;101(1):48-52. doi: 
10.1097/PHM.0000000000001910. PMID: 34686631; PMCID: PMC8667685.

May 11, 2022 39Dartmouth Hitchcock Medical Center

References:


	Post Acute COVID Syndrome:�“Long Haulers”
	Objectives
	Conflicts of Interest
	Name & Definition
	History of Long COVID
	Slide Number 6
	COVID by the numbers
	Slide Number 8
	Dartmouth PACS clinic 
	Slide Number 10
	Slide Number 11
	Causes of Long COVID?
	Risk factors
	Risk Factors
	Post-COVID Fatigue
	Post-COVID Fatigue
	Fatigue - management
	Neurological Manifestations of Long Haul-Covid
	Neurological Manifestations of Long Haul Covid
	Definitions
	Slide Number 21
	Common Features
	Epidemiology 
	Anatomy and Pathophysiology – theories for CNS/PNS involvement
	Anatomy and Physiology 
	Post Viral Syndromes
	Presentation
	Exam and Diagnostics
	Treatment and Management
	Prevention
	Work / Life Complications
	Patient experience
	Take Home Messages
	Thank you!� �Any questions?
	References
	References:
	References:
	References:
	References:

