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Abstract
Emerging evidence has begun to depict the molecular
mechanisms by which inflammation is regulated via the
vagus nerve. Specifically, inflammation can be controlled
by neuroimmunologic circuitry, dependent upon vagal
afferent and efferent fibers, operating in a reflexive
continuum. This neuro-immune reflex, known as the
inflammatory reflex arc, has some control on serum
concentrations of numerous molecular mediators of
inflammation such as C-reactive protein and interleukin-6.
Importantly, both of these inflammatory proteins are
elevated in acute ST-elevation myocardial infarction and
are associated with worse cardiac sequelae. Suboccipital
decompression by osteopathic manual treatment has
been demonstrated to enhance vagal output to the heart,
as measured by increased high frequency spectral power
of heart rate variability, in a statistically significant
manner further supported by a significant decrease in the
low-/high frequency spectral power ratio among healthy
adults compared to sham treatment and time control.
Considering this association, we postulate that
suboccipital decompression may stimulate the efferent
branch of this vagal-mediated reflex, the cholinergic antiinflammatory pathway, thereby suppressing C-reactive
protein and interleukin-6 levels post-ST-elevation
myocardial infarction. Furthermore, we provide a detailed
clinical study that can determine the validity of our
hypothesis.
Keywords: Neuroscience; Osteopathic manipulative
medicine; Neurorehabilitation; Vagus; Inflammatory
reflex arc; Inflammation; Cytokines

Introduction
Substantiation of osteopathic manual treatment (OMT) has
been primarily associated with the physician’s post-treatment
observation as well as patient-reported outcomes such as
improvements in pain scales, muscle tonicity, symmetry,
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tenderness, or articulatory range of motion [1]. Nevertheless,
the osteopathic community has long-recognized that OMT can
be utilized to improve autonomic insufficiency [2]. The
anatomical relationship of vagal efferents to the cervical
musculature at the base of the occiput may impart some
credibility to this hypothesis; however, there is little objective
evidence in the osteopathic literature to confirm this
postulation [3-5]. Although the literature establishing a
relationship between OMT and changes in autonomic tone is
sparse, a study recently demonstrated that suboccipital
decompression improves vagal output to the heart, as
measured by heart rate variability spectral power, in a
statistically significant manner [3].
Suboccipital decompression is an OMT technique that
targets the atlanto-occipital junction and overlying cervical
musculature [3]. It is thought that this technique treats
articular compression between the occiput and the atlas,
which may impede the function of the vagus nerve [3]. The
vagus nerve is in proximity to the cervical musculature in the
suboccipital region of the neck; therefore, it is reasonable to
deduce that native inflammation, muscle hypertonicity, muscle
spasm, or edema may cause compression on the vagus nerve,
thereby impeding vagal afferent and efferent activity [3]. Giles
et al hypothesized that suboccipital decompression enhances
vagal output to the heart as measured by indices of heart rate
variability [3]. They demonstrated that suboccipital
decompression enhances vagal output to the heart, as
measured by increased high frequency spectral power of heart
rate variability, in a statistically significant fashion further
supported by a significant decrease in the low-/high frequency
spectral power ratio among healthy adults compared to sham
treatment and time control [3]. The OMT used specifically
consisted of 5 minutes of kneading the cervical musculature
(applying a perpendicular force to the long axis of the muscle)
followed by 2-3 minutes of suboccipital decompression [3]. For
sham treatment, fingers were placed as near as possible to the
occipital condyles, with no tension applied, for 8 minutes [3].
In the time control, subjects had no physical contact for 15
minutes [3]. Heart rate variability was not observed prior to
each intervention [3].
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Acute ST-elevation myocardial infarction (STEMI) causes
pathologic inflammation that may often lead to further cardiac
complications such as pericarditis or Dressler’s syndrome.
Emerging evidence has begun to depict the molecular
mechanisms by which inflammation is regulated via the
nervous system [6-18]. Specifically, inflammation is controlled
by neuroimmunologic circuitry, dependent on the vagus nerve,
operating in a reflexive continuum. Known as the
inflammatory reflex arc, this pathway exhibits an afferent and
efferent arc: both of which derive from vagal nerve fibers
[7-9]. The afferent arc is comprised of vagal receptors
detecting specific ligands indicating injury [7-9]. An activated
afferent arc will initiate the efferent arc, the cholinergic antiinflammatory pathway, which regulates systemic inflammation
[7-9]. This neuro-immune reflex has some control on serum
concentrations of numerous molecular mediators of
inflammation such as C-reactive protein (CRP) and
interleukin-6 (IL-6) [7-14]. Importantly, both of these
inflammatory proteins are elevated in acute STEMI and are
associated with worse cardiac sequelae [19]. Considering that
suboccipital decompression can significantly increase vagal
output, we suggest potential neuroimmunomodulation of this
reflex with suboccipital decompression. We postulate that
suboccipital decompression may stimulate the efferent branch
of this vagal-mediated reflex, the cholinergic antiinflammatory pathway, thereby suppressing CRP and IL-6
levels post-STEMI linking suboccipital decompression to
cholinergic anti-inflammatory pathway stimulation.
While measures of heart rate variability showed significant
changes with OMT directed at the vagus nerve in healthy
adults, previous research attempting to characterize changes
in heart rate variability among particular cardiac illnesses have
been unsuccessful [3]. Serum markers of inflammation may be
the optimal way to assess changes in vagal activity among
individuals with cardiac conditions [19]. Vagal output has been
demonstrated to control the activity of the cholinergic antiinflammatory pathway, which suppresses the release of
cytokines including IL-6 and CRP [7-14]. Therefore, we reason
that suboccipital decompression may increase vagal efferent
activity, which will increase the activity of the cholinergic antiinflammatory pathway thereby suppressing IL-6 and CRP
levels, and, to at least some extent, suppress systemic
inflammation.
The vagus nerve activates the cholinergic anti-inflammatory
pathway via projection to the celiac ganglion, not the heart
[6-18]. Although it would be ideal for previous OMT studies to
indicate an association between suboccipital decompression
and stimulation of vagal efferents projecting to the celiac
ganglion, there are currently no such studies that demonstrate
this relationship in the osteopathic literature. However, hand
placement during suboccipital decompression, as near as
possible to the occipital condyles, and proximity of vagal
efferents traveling at the base of the occiput lends us to
reason that all “unbranched” vagal efferents traveling here
may be subject to stimulation. This includes vagal efferents
projecting to the heart and, importantly, the celiac ganglion,
among many other structures [3,7-14]. It is worth mentioning
that vagal efferents branching in proximity to the occipital
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condyles (e.g., pharyngeal branches to pharyngeal plexus,
external laryngeal nerve, and the right recurrent laryngeal
nerve) may not necessarily be subject to stimulation with
suboccipital decompression [20].

Proposed Clinical Study
Hypothesis: We postulate that suboccipital decompression
can stimulate vagal efferent fibers projecting to the celiac
ganglion, which will stimulate the cholinergic antiinflammatory pathway and suppress CRP and IL-6 levels in the
patient’s post-STEMI.
Treatment and control groups: This study will consist of 150
patients admitted to a hospital for acute STEMI with 50
patients randomly assigned to each group. The study will be 5
days in length for each patient. A single blind study will be
performed. Patients will not be told the group that they have
been placed in. Treatment and control groups will be similar to
those utilized by Giles et al [3]. The OMT treatment group will
consist of 5 minutes of kneading the cervical musculature
followed by 3 minutes of suboccipital decompression [3]. The
sham treatment group will consist of fingers placed as near as
possible to the occipital condyles, with no tension applied, for
8 minutes [3]. The time control treatment group will consist of
patients subject to no physical contact for 15 minutes [3]. Prior
to treatment, all patients should lay comfortably supine. In
order to avoid heterogeneity of OMT between osteopathic
physicians, this study will consist of three physicians with one
physician assigned to each group of patients.
Inclusion criteria: Acute STEMI manageable by medication
with or without percutaneous coronary intervention.
Exclusion criteria: Acute STEMI requiring coronary artery
bypass graft surgery, previous STEMI, vagatomy, splenectomy,
splenic neurectomy, implanted or transcutaneous vagus nerve
stimulator, and history of autoimmune disease, medial arcuate
ligament syndrome, additional inflammatory pathology,
smoking/illicit drug use or pregnancy.
Treatment protocol: Patients should receive the standard of
care for treatment of STEMI throughout this study. The first 24
hours will consist of no OMT as serum IL-6 and CRP levels are
still rising (peaking approximately 1 day post-STEMI) [19]. The
first blood sample should be collected from patients at 24
hours post-STEMI (baseline) prior to performance of any OMT.
Starting 24 hours post-STEMI, patients will receive an
intervention (suboccipital decompression or sham or control
conditions) 3 times per day, every 4 hours, for 4 days total.
Blood samples will be taken subsequent to each treatment on
days 1-4 of intervention (hospital days 2-5) A blood sample will
also be taken 2-weeks post-STEMI as a follow-up time point.
Molecular diagnostics: ST-elevation myocardial infarctions
significantly increase serum IL-6 and CRP levels [19].
Importantly, both of these cytokines have been shown to be
regulated by the cholinergic anti-inflammatory pathway [7-14].
Serum IL-6 and CRP levels peak approximately on day 1 postSTEMI and can stay elevated for weeks [19]. In measuring the
concentration of serum cytokines, it is important to note that
This article is available from: http://www.jneuro.com/
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relative to the high threshold of activation for central
receptors of vagus, peripheral activation can be achieved with
lower cytokine concentrations [7-9]. This implies that
molecular diagnostics utilized to measure serum IL-6 and CRP
concentrations must exhibit a substantial degree of sensitivity.
Therefore, we recommend use of a multiplex enzyme-linked
immunosorbent assays to measure serum concentrations of
CRP and IL-6 [21-25]. Furthermore, cytokines not regulated by
the cholinergic anti-inflammatory pathway will serve as a
negative control. Specifically, cytokines released by type 2
helper T cell, including IL-4, IL-5, and IL-13, will be used as the
negative control(s) [26].

Conclusion
Here, we have suggested that suboccipital decompression
may stimulate the efferent branch of the inflammatory reflex
arc, the cholinergic anti-inflammatory pathway, thereby
suppressing systemic inflammation. Demonstrating a
relationship between suboccipital decompression and
suppression of systemic inflammation, via stimulation of the
cholinergic anti-inflammatory pathway, could provide a
supplementary treatment option that may benefit patients
suffering from acute and chronic inflammatory pathologies.

References
1.

2.

3.

4.

5.

6.

9.

2016
Vol.7 No.S3:133

Rosas BM, Ochani M, Parrish WR (2008) Splenic nerve is
required for cholinergic anti-inflammatory pathway control of
TNR in endotoxemia. Proc Natl Acad Sci USA 105: 11008-11013.

10. Huston JM, Rosas BM, Xue X (2009) Cholinergic neural signals to

the spleen down-regulate leukocyte trafficking via CD11b. J
Immunol 183: 552-559.

11. Huston JM, Ochani M, Rosas B (2006) Splenectomy inactivates

the cholinergic anti-inflammatory pathway during lethal
endotoxemia and polymicrobial sepsis. J Exp Med 203:
1623-1628.

12. De Jonge WJ, Van der Zanden EP, Thue FO (2005) Stimulation of
the vagus nerve attenuates macrophage activation by activating
the Jak2-STAT3 signaling pathway. Nat Immunol 6: 844-851.

13. Yu Z, Zhang W, Kone BC (2002) Signal transducers and activators

of transcription 3 (STAT3) inhibits transcription of the inducible
nitric oxide synthase gene by interacting with nuclear factor
kappaB. Biochem J 367: 97-105.

14. Yoshikawa H, Kurokawa M, Ozaki N (2006) Nicotine inhibits the

production of proinflammatory mediators in human monocytes
by suppression of I-kappaB phosphorylation and nuclear factorkappaB transcriptional activity through nicotinic acetylcholine
receptor alpha 7. Clin Exp Immunol 146: 116-123.

15. Borovikova LV, Ivanova S, Zhang M (2000) Vagus nerve
stimulation attenuates the systemic inflammatory response to
endotoxin. Nature 405: 458-462.

16. Parrish WR, Rosas BM, Gallowitsch PM (2008) Modulation of

TNF release by choline requires alpha-7 subunit nicotinic
acetylcholine receptor-mediated signaling. Mol Med 14: 567–
574.

Di Giovanna EL, Schiowitz S, Dowling DJ (2005) Somatic
dysfunction. An osteopathic approach to diagnosis and
treatment. (3rdedn). Philadelphia, PA: Lippincot Williams &
Wilkins 2005: 16-23, 86-88, 95-102.

17. Pavlov VA, Ochani M, Yang LH (2007) Selective alpha 7-nicotinic

Neuromusculoskeletal medicine and osteopathic manipulative
medicine (2002) Ward RV, (Executive editor) Foundations of
osteopathic medicine. (2ndedn). Philadelphia, PA: Lippincot
Williams & Wilkins 2002: 433.

18. Wang H, Yu M, Ochani M (2003) Nicotinic acetylcholine receptor

Giles PD, Hensel KL, Pacchia CF, Smith ML (2013) Suboccipital
decompression enhances heart rate variability indices of cardiac
control in healthy subjects. J Altern Complement Med 19: 92-96.

19. Clinical trials studies (2013) Acton A, (General editor).

Ke-mi C, Wei-min L, Xia L, Budgell B, Na L, et al. (2006) Effect of
cervical manipulation on autonomic nervous function in healthy
volunteers. Journal of Acupuncture and Tuina Science 4:
267-270.
Henley CE, Ivins D, Mills M, Wen FK, Benjamin BA (2008)
Osteopathic manipulative treatment and its relationship to
autonomic nervous system activity as demonstrated by heart
rate variability: a repeated measures study. Osteopath Med Prim
Care 2:7.
Cuoco JA, Fennie CN, Cheriyan GK (2016) The cholinergic antiinflammatory pathway: a novel paradigm for translational
research in neuroimmunology. Journal of Neurology and
Neuroscience 7:2.

7.

Ji H, Rabbi MF, Labis B, Pavlov VA, Tracey KJ, et al. (2014) Central
cholinergic activation of a vagus nerve-to-spleen circuit
alleviates experimental colitis. Mucosal Immunol 7: 335-347.

8.

Rosas BM, Olofsson PS, Ochani M (2011) Acetylcholinesynthesizing T cells relay neural signals in a vagus nerve circuit.
Science 334: 98-101.

© Copyright iMedPub

acetylcholine receptor agonist GTS-21 improves survival in
murine endotoxemia and severe sepsis. Crit Care Med 35:
1139-1144.
alpha-7 subunit is an essential regulator of inflammation. Nature
421: 384-388.

Myocardial infarction: new insights for the health care
professional. 2013 edn. Atlanta, GA: Scholarly Editions 58.

20. Moore KL, Agur AMR, Dalley AF (2013) Clinically oriented

anatomy. (7thedn). Philadelphia, PA: Lippincott Williams &
Wilkins.

21. Breen EC, Reynolds SM, Cox C (2011) Multisite comparison of

high-sensitivity multiplex cytokine assays. Clin Vaccine Immunol
18: 1229-1242.

22. Aziz N, Nishanian P, Fahey JL (1998) Levels of cytokines and
immune activation markers in plasma in human
immunodeficiency virus infection: quality control procedures.
Clin Vaccine Immunol 5: 755-761.

23. Chowdhury F, Williams A, Johnson P (2009) Validation and

comparison of two multiplex technologies, Luminex and
Mesoscale Discovery, for human cytokine profiling. J Immunol
Methods 340: 55-64.

24. Fu Q, Zhu J, Van Eyk JE (2010) Comparison of multiplex
immunoassay platforms. Clin Chem 56: 314-318.

25. Quansys Biosciences Website (2015) Human Cytokine –
Stripwells (16-plex) ELISA Assay. http://www.quansysbio.com/

3

JOURNAL OF NEUROLOGY AND NEUROSCIENCE
ISSN 2171-6625

human-cytokine-stripwells-16-plex.
2015.

Accessed

December

4,

2016
Vol.7 No.S3:133

neuroinflammation via suppression of Th1 and Th17 responses.
J Immunol 183: 6681-6688.

26. Nizri E, Irony TSM, Lory O (2009) Activation of the cholinergic
anti-inflammatory

4

system

by

nicotine

attenuates

This article is available from: http://www.jneuro.com/

