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SPM Emerging Area

•

Inflammation resolution and surgery

Balanced inflammatory response without excessive inflammation
leading to immunosuppression is relevant for risk of infection and
wound healing

Research Highlights

Clinical conditions associated with a resolution deficit

•

Surgery is an inflammatory event. Higher levels of perioperative
inflammation has been associated with increased risk of
complications, poorer outcomes in patients with sepsis, and
postoperative (postop) cognitive decline.1-6

•

Patients with many chronic inflammatory conditions have been
shown to have lower levels of specialized proresolving mediators
(SPMs). This places these individuals in an inflammation resolution
deficit before going in for surgery.7-33

•

Circulating proresolving mediators have been shown to drop
immediately postsurgery in humans. Lower levels of these SPMs were
linked with higher levels of IL-6, which in this study was higher in
individuals who experienced postop complications.3

•

Emerging research shows that proresolving mediators impact
multiple aspects of surgery recovery including enhance wound
healing, reduce postop pain, prevent postop neuroinflammation
and cognitive dysfunction, and enhance clearance of bacterial and
fungal infection and increase survival in models of sepsis.34-45

Human studies have identified several conditions where levels of certain
SPMs and/or the balance between proresolving and proinflammatory
markers are reduced in circulation or tissues. Many patients with these
chronic conditions can be candidates for surgery and are at greater risk of
reduced resolution capacity before the challenge of surgery.
• Obesity7-9
• Endometriosis10,11
• Asthma12-18,31
• Cystic fibrosis19-21
• Peripheral arterial disease9,22
• Cardiovascular disease23-25,32
• Arthritis26,27
• Alzheimer’s disease28,29,33
• Systemic Lupus Erythematosus (SLE)30

The initial inflammatory response is intended to be robust and protective
and evolved to eliminate invading organisms, to promote healing and
regeneration of tissues, and in ideal conditions to return the body to
homeostasis.1 However, the initial inflammatory reaction to surgery
is followed by a proportionate immune-suppressive phase, as antiinflammatory mechanisms kick in to counteract the proinflammatory
response.1 The prevalence and severity of inflammation as well as postop
complications vary with surgery type and also by comorbidities of the
patient undergoing surgery.1

Managing the magnitude of the initial proinflammatory
response may have benefit postoperatively,1 as:
•
•

•

Systemic and neuroinflammation that occur in response to surgery
are drivers of postop cognitive dysfunction2

Proresolving mediators are reduced postoperatively in
humans3
•

In a group of subjects (n=41; 54% men; median age 57 years)
undergoing liver resection, circulating levels of proresolving
mediators LXA4 and RvD1 were shown to drop immediately
postsurgery (Figure 1).

•

Levels of the proinflammatory cytokine IL-6 increased significantly on
day 1 postop and remained significantly elevated on days 3 and 5.

•

Higher IL-6 concentrations were associated with postop
complications.

•

Higher circulating levels of LXA4 and RvD1 were linked with lower
levels of IL-6.

Figure 1: Significant reduction in proresolving mediators in early postop phase.
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Circulating levels of the proinflammatory cytokine IL-6 were shown
to be higher in patients who experienced a range of postop
complications3
Higher levels of inflammatory markers are related to sepsis severity
and poorer outcomes for patients with sepsis4-6
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Surgery is an inflammatory event. Surgical incision, IV cannulation,
intubation, and catheterization breach skin and epithelial defenses,
eliciting an inflammatory response.1 Potential exposure to infectious
pathogens also induces an inflammatory response, and the type of
anesthesia can play a role in modulation of the immune response. For
example, in a mouse model of infection, isoflurane enhanced, whereas
lidocaine delivery dampened immune response and inflammationresolving activities.46
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Rationale for perioperative inflammation management

Additionally, emerging data from animal studies shows that aging
increases the magnitude of response to an inflammatory challenge,
delays resolution, and is associated with dysregulated production of
SPMs.47
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Resolvin production pathways associated with
uncomplicated recovery from trauma in humans48
•

Study subjects who had experienced blunt trauma (n=96) were
classified as having complicated (Marshall Score > 6)
or uncomplicated recoveries (Marshall Score < 6).

Protection in cell and animal models of bacterial infection E. coli
• RvD1, RvD5, and PD1 upregulated phagocytosis and enhanced
human macrophage and PMN containment of E. coli41
•

RvD1 and RvD5 treatment of mice with E. coli-induced peritonitis
reduced overall bacterial counts and prevented hypothermia41
RvD1 enhanced the effect of antibiotic (ciprofloxacin) and accelerated
resolution in a model of E. coli-induced peritonitis41

•

Those with uncomplicated recoveries had higher expression of genes
related to resolvin production in circulating blood leukocytes.

•

•

Expression of genes related to leukotrienes, a group of
proinflammatory lipid mediators, was lower in those with
uncomplicated recovery

•

Additionally, the ratio of leukotriene/resolvin gene expression score
was also significantly reduced in the uncomplicated recovery group.

S. aureus
• RvD1, RvD5, and PD1 treatment in a model of S. aureus-induced skin
infection reduced bacterial counts and enhanced the effect
of antibiotics (vancomycin)41

Emerging preclinical animal and cell data highlights
the impact of SPMs in aspects of surgery recovery
RvD1 reduced postincisional pain in animal
• RvD1 reduced postincisional pain34
•

RvD1 and RvD2 reduced hypersensitivity in a models of
persistent postop pain

•

SPMs have been shown to have analgesic effects in several models
of inflammatory and neuropathic pain36 and modulate TRP channels
involved in detecting and inducing pain36

34,35

35

Neuroinflammation and prevention of postop cognitive
dysfunction in mice
• MaR137 or RvD138 treatment of mice undergoing orthopedic surgery
prevented hippocampal memory function reduction that occurred
with surgery and reduced markers of neuroinflammation.
•

MaR1 treatment in orthopedic surgery mouse model prevented loss
of blood brain barrier integrity that occurred with surgery37

Enhanced wound healing in mice
• RvD1 treatment of mice with diabetic wounds reduced time to
wound closure39
•

RvE1, RvD1, or RvD2 treatment in dermal wound model reduced
wound healing time by an average of 6-9 days40
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C. albicans
• RvE1 enhanced phagocytosis and neutrophil containment of
C. albicans and fungicidal activity42
•

In a model of systic candidiasis, RvE1 reduced circulating fungal
counts42

Improved outcomes in animal models of sepsis
• In models of microbial sepsis, treatment with RvD143 and RvD244
increased survival rate, enhanced bacterial clearance, and reduced
proinflammatory cytokines.
•

Treatment with MaR1 improved survival rates and decreased
proinflammatory cytokines and enhanced bacterial clearance
in a model of sepsis.45

Conclusions
The role of SPMs and inflammation resolution in surgery recovery is
emerging. Results of an observational study in humans undergoing
hepatobiliary surgery indicated that circulating levels of certain SPMs
reduce immediately postoperatively,3 indicating that they may be at a
resolution deficit during this time. Although the impact of enhancing
resolution and SPM status on recovery from surgery has not been tested
in human clinical studies, emerging data in preclinical animal models
suggests specific SPMs may modulate certain aspects of surgery recovery
including postoperative pain,34-36 postoperative cognitive dysfunction,37,38
wound healing,39,40 and bacterial clearance.41-45 Clinical studies are needed
to understand whether these preclinical results translate into any positive
affects on surgery recovery in humans.

Planaguma A et al. Am J Respir Crit Care Med. 2008;178(6):574-582.
Yamaguchi H et al. Clin Exp Allergy. 2011;41(12):1711-1718.
Eickmeier O et al. PLoS One. 2017;12(2):e0171249.
Yang J et al. Free Radic Biol Med. 2012;53(1):160-171.
Flitter BA et al. Proc Natl Acad Sci U S A. 2017;114(1):136-141.
Schaller M. Presented at ATVB, May 2018.
Elajami TK et al. FASEB J. 2016;30(8):2792-2801.
Bazan HA et al. Prostaglandins Leukot Essent Fatty Acids. 2017;125:43-47.
Thul S et al. Eur J Prev Cardiol. 2017;24(9):903-906.
Barden AE et al. Prostaglandins Leukot Essent Fatty Acids. 2016;107:24-29.
Arnardottir HH et al. J Immunol. 2016;197(6):2362-2368.
Wang X et al. Alzheimers Dement. 2015;11(1):40-50.e1-2.
Zhu M et al. Mol Neurobiol. 2016;53(4):2733-2749.
Navarini L et al. J Immunol Res. 2018;2018:5264195.
Wu SH et al. Pediatr Pulmonol. 2010;45(4):333-340.
Fredman G et al. Nat Commun. 2016;7:12859.
Lukiw WJ et al. J Clin Invest. 2005;115(10):2774-2783.

For more information, visit MetagenicsInstitute.com

34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.

Huang L et al. Pain. 2011;152(3):557-565.
Wang JC et al. J Pain. 2017;18(5):535-545.
Zhang LY et al. Rev Neurosci. 2018;29(6):645-660.
Yang T et al. Br J Anaesth. 2019;122(3):350-360.
Terrando N et al. FASEB J. 2013;27(9):3564-3571.
Tang Y et al. Diabetes. 2013;62(2):618-627.
Menon R et al. Nano Life. 2017;7(1).
Chiang N et al. Nature. 2012;484(7395):524-528.
Haas-Stapleton EJ et al. PLoS One. 2007;2(12):e1316.
Chen F et al. Eur J Clin Microbiol Infect Dis. 2014;33(3):457-464.
Spite M et al. Nature. 2009;461(7268):1287-1291.
Li R et al. Mediators Inflamm. 2016;2016:3798465.
Chiang N et al. PLoS One. 2008;3(4):e1879.
Arnardottir HH et al. J Immunol. 2014;193(8):4235-4244.
Orr SK et al. Crit Care Med. 2015;43(12):2642-2650.

