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Dear Dr.

Thank you for your care of our mutual patient. This letter is introduced as a professional communication to
surgeons and anesthesiologists, summarizing Dr. Ehlenberger's 4-Domain Protocol framework in context with
evidence-based intra-operative multimodal analgesic recommendations.

The recommendations below are grounded in current guidelines from the American Academy of Orthopaedic
Surgeons (AAOS), the American Society of Regional Anesthesia and Pain Medicine (ASRA), the American Society
for Enhanced Recovery (ASER), and Enhanced Recovery After Surgery (ERAS) protocols, as well as recent meta-
analyses and randomized controlled trials.[1][2][3][4]

This communication is organized into nine sections:
1. PATIENT PROFILE
. INTRODUCTION
. BACKGROUND THE 4-DOMAIN (4-D) PROTOCOL
. CLINICAL RATIONALE: WHY PHENOTYPE-GUIDED INTRAOPERATIVE ANALGESIA MATTERS
. RECOMMENDED INTRAOPERATIVE AGENTS
. PHENOTYPE-GUIDED AGENT SELECTION SUMMARY
. COMBINATION SAFETY CONSIDERATIONS
. COMMUNICATION WORKFLOW \
9. REFERENCES
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1. PATIENT PAIN PROFILE AND CURRENT OPIOID REGIMEN

Chronic Pain Diagnosis(es):

Duration of Chronic Pain: years
Substance Abuse Risk assessment (SA): Low Mod High
Central Sensitization (CS) assessment _ Minimal ___ Mild __ Moderate ____ Severe

Opioid-Induced Hyperalgesia (OIH) assessment:
Signs of OIH: __ None ___ Minimal ___ Mild ___ Moderate ____ Severe
Risk for OIH: _ None __ High MME > 10 years taking opioids ___ Minimal ___ Mod ____ High
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Current Opioid Regimen:
. Short-Acting ( /day)

. Long-Acting (Q hours)

Current Non-Opioid Rx Analgesic Regimen:
e Gabapentin ___ Pregabalin ___ Clonidine

Pertinent Comorbidities:

* _ Benzodiaepine management by PCP/Psych _ Depression
e Obstructive Sleep apnea (CPAP compliant) __ Obstructive Sleep apnea (CPAP NON-compliant)
e  LiverDisease ___ Renallmpairment = HBP = CvD _ DM __ CVD

4-Domain Profile:
____ Systemic Inflammation ____ Neuroinflammation ___ Mitochondrial Dysfunction

____Multi-Domain ___ No Dominant Domain

2. INTRODUCTION

Thank you for your continued partnership in the care of our shared patients with chronic pain who are
undergoing surgery. The purpose of this letter is to introduce a structured, evidence-based approach to
intra-operative multimodal analgesia that complements the pre-operative and post-operative protocols |
have developed for these patients.

This approach is designed to reduce acute post-operative pain, minimize opioid consumption, and —
critically — reduce the risk of developing chronic post-surgical pain (CPSP), a condition that affects 10—
50% of surgical patients, depending on the procedure.[3]

3. BACKGROUND: THE 4-DOMAIN (4-D) PROTOCOL

The 4-D Protocol is a biomarker-guided, phenotype-specific clinical decision framework for chronic pain
management. It is based on the recognition that the severity of chronic pain is determined not only by the
underlying pain condition (e.g., osteoarthritis, disc herniation). A central insight underlying the 4-D
Protocol is the distinction between the pain condition and pain processing — the neural cascade that
impacts pain severity largely independent of the condition itself and is manifested by peripheral and
central sensitization.

Four pathogenic domains greatly influence pain processing:

1. Systemic Inflammation — assessed via hs-CRP, IL-6, ESR, and the Dietary Inflammatory Index

2. Neuroinflammation — assessed via the Central Sensitization Inventory (CSl), kynurenine
pathway metabolites, and quantitative sensory testing

3. Oxidative Stress — assessed via markers including MDA, SOD activity, and glutathione status

4. Mitochondrial Dysfunction — assessed via CoQ10 levels, organic acid profiles, and NAD+
status

Each patient is evaluated to determine their individualized domain profile (phenotype) that identifies
which domains contribute most to their pain experience. This phenotype profile guides the selection of
targeted dietary, nutraceutical, and, potentially — as outlined here— intra-operative pharmacologic
interventions. The rationale is that patients with elevated domain scores represent a higher-risk
population for both severe acute postoperative pain and the transition to CPSP, and therefore may derive
the greatest benefit from targeted multimodal intra-operative strategies.[3][5]
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4. CLINICAL RATIONALE: WHY PHENOTYPE-GUIDED INTRAOPERATIVE ANALGESIA MATTERS

Multimodal analgesia is now the standard of care for total joint arthroplasty, with 93% of AAHKS
members using multimodal protocols (up from 74% in 2018).[4] However, a "one-size-fits-all" approach to
agent selection does not account for the substantial variability in patient pain phenotypes.

Recent evidence demonstrates that:

* Preoperative central sensitization (suggested by a CSI 240) consistently predicts worse
postoperative outcomes, including greater pain, increased disability and longer hospital stays.[5]

» A randomized controlled trial showed that infraoperative ketamine's analgesic benefit was moderated
by baseline temporal summation of pain — patients with higher central sensitization derived
significantly greater benefit, while those without baseline sensitization showed no effect

» A network meta-analysis of 132 RCTs (n=23,902) found that non-opioid analgesics were more
effective at preventing CPSP in patients with higher baseline risk.[3]

These findings support the principle that matching intraoperative agents to a patient's specific
pathophysiologic profile can optimize analgesic outcomes.

5. RECOMMENDED INTRAOPERATIVE AGENTS

The following five agents are recommended as adjuncts to the standard multimodal foundation of COX-2
selective NSAIDs, acetaminophen, and regional anesthesia/local infiltration analgesia. In patients with a
history of chronic opioid therapy, inclusion of agents that may help mitigate opioid tolerance, central
sensitization with hyperalgesia and possible opioid-induced hyperalgesia (OIH) should be considered.
Peri-operative agent selection and dosing may be further guided by the patient's 4-D domain profile,
especially those patients with dominant neuroinflammatory domains, which will be communicated pre-
operatively for each patient.

1. Ketamine (IV)

* Guideline support: AAOS — strong evidence for decreased opioid use in TKA/THA within 24 hours;
ASRA/AAPM/ASA consensus — Grade B recommendation [7 from prior discussion][2]

* CPSP prevention: OR 0.64 at <6 months (network meta-analysis, 132 RCTs)[3]

* 4-D indication: Prioritize for patients with elevated neuroinflammatory profiles (CSI 240, evidence of
central sensitization). Consider higher-end dosing for opioid-tolerant patients

* Dosing: Bolus 0.25-0.35 mg/kg IV pre-incision; infusion 0.1-0.5 mg/kg/hr intraoperatively; optional
postoperative continuation at 0.1-0.2 mg/kg/hr for up to 24-72 hours

* Mechanism: NMDA receptor antagonism; inhibits microglial activation via TLR4/NF-kB suppression;
reduces central sensitizationKey Evidence for Ketamine

» Key Evidence: Ketamine breaks the cycle of hyperalgesia and down-regulates tolerance. Meta
analyses show that low-dose intra-operative and peri-operative ketamine can reduce post-operative
opioid consumption by up to 40%. In patients exposed to ultra-short-acting opioids like remifentanil,
ketamine significantly attenuates OIH and reduces the acute pain response in highly opioid-tolerant
individuals. [8, 9, 10, 11]

» Monitoring: Psychomimetic effects; contraindicated in psychosis history

2. Magnesium Sulfate (1V)
» Guideline support: ASER/POQI and ERAS — recognized adjunct for opioid-sparing analgesia[1][2]
» Evidence: Meta-analysis (51 RCTs, n=3,311) — reduces 24-hour morphine consumption by ~5.6 mg
and delays first analgesic request by ~143 minutes [50 from prior discussion]

* 4-D indication: Recommended as a baseline agent for all phenotypes given favorable safety profile
and low cost. Particularly indicated for patients with documented hypomagnesemia, oxidative stress,
or mitochondrial dysfunction profiles. Pre-operative magnesium levels from the 4-D biomarker panel
guide dosing intensity
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Dosing: Bolus 30-50 mg/kg IV over 15-30 minutes at induction; infusion 10-15 mg/kg/hr through
end of surgery

Mechanism: NMDA receptor antagonism (complementary to ketamine); cofactor for mitochondrial
ATP production and antioxidant enzyme systems; enhances opioid-induced analgesia

Safety: Favorable profile at recommended doses; dose reduction in renal impairment; monitor for
mild hypotension

3. Evidence for Ketamine - Magnesium Combination IV Therapy
* Synergistic Action: Because ketamine and magnesium bind to different sites on the NMDA

receptor, their combination produces synergistic suppression of central sensitization.

* Sequence Dependence: Recent clinical trials (such as in radical nephrectomy procedures)

reveal that the order of administration matters. Administering a ketamine bolus/infusion before
magnesium sulfate significantly reduces pain scores and opioid demands, whereas the reverse
sequence often yields no significant benefit over a placebo. [12, 13]

4. Dexmedetomidine (IV)

Guideline support: ASER/POQI and ERAS — endorsed for opioid-sparing analgesia[1][2]

CPSP prevention: The strongest long-term data among all agents — OR 0.35 at 3 months, OR 0.28
at 6 months, OR 0.11 at 12 months (meta-analysis, 23 RCTs, n=1,979) [26 from prior discussion]
4-D indication: Broadest coverage across all four domains. Particularly valuable for patients with
elevated profiles across multiple domains and for CPSP prevention priority cases

Dosing: Loading dose 0.5-1.0 ug/kg IV over 10 minutes (use 0.5 pg/kg if age =265 or hepatic
impairment); infusion 0.2—0.6 pg/kg/hr until last suture

Mechanism: a2-adrenoceptor-mediated inhibition of microglial activation; suppresses TLR4/NF-kB
and JAK2-STAT3 pathways; decreases MDA and enhances SOD activity (antioxidant); preserves
mitochondrial membrane integrity

Safety: Bradycardia and hypotension (dose-dependent); hemodynamic effects partially offset when
combined with ketamine

4. |V Lidocaine

Guideline support: ERAS and international consensus statement; designated as a "high-risk"
medicine requiring institutional governance approval [62 from prior discussion][1]

CPSP prevention: Strongest short-term effect — OR 0.32 at <6 months (network meta-analysis)[3]

4-D indication: Prioritize for patients with predominantly inflammatory and neuroinflammatory
phenotypes (elevated hs-CRP, IL-6, evidence of peripheral sensitization)

Dosing: Bolus 1.0-1.5 mg/kg IV over 10 minutes (calculated using ideal body weight); infusion 1.0—
1.5 mg/kg/hr; optional postoperative continuation up to 24 hours with cardiac monitoring

Mechanism: Suppresses ectopic discharges; inhibits complement activation and inflammatory
cytokine release; anti-neuroinflammatory effects persist beyond infusion period

CRITICAL SAFETY CONSTRAINT: IV lidocaine must NOT be used concurrently with, or within 4
hours of, any other local anesthetic intervention (nerve blocks, periarticular local infiltration
analgesia). This is particularly relevant in TKA protocols where adductor canal blocks and
periarticular infiltration are standard components. If regional anesthesia is planned, IV lidocaine
should be deferred or the regional technique timing adjusted accordingly

5. Gabapentinoids (Pregabalin preferred over Gabapentin)

Guideline support: AAOS — no significant benefit for gabapentin in THA/TKA; moderate evidence
supporting pregabalin. Enthusiasm has waned due to respiratory depression concerns[2][1]

CPSP prevention: OR 0.67 at <6 months (network meta-analysis)[3]

4-D indication: Reserved for patients with clear neuroinflammatory phenotypes and elevated CSI
scores (240). Not recommended for routine use.
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* Dosing: Pregabalin 75 mg PO given 1-2 hours preoperatively; may continue 75 mg/day for up to 14
days postoperatively. Gabapentin is not recommended as a standard component based on current
orthopedic evidence

* Mechanism: Inhibits presynaptic calcium channel (a2® subunit) trafficking; recruits descending
noradrenergic inhibitory pathways

 Safety: Increased risk of respiratory depression with concurrent opioids, particularly in elderly
patients; sedation and dizziness

6. PHENOTYPE-GUIDED AGENT SELECTION SUMMARY

For each patient referred for surgery, a 4-D profile summary will be provided preoperatively. The
following framework guides agent selection based on the dominant domain profile:

« All patients (baseline protocol):
Magnesium (bolus + infusion) + standard multimodal foundation (COX-2 NSAID, acetaminophen,
regional anesthesia as appropriate)

+ High Neuroinflammatory/central sensitization phenotype:
Add ketamine (higher-end dosing) + dexmedetomidine + pregabalin 75 mg

* High Systemic Inflammatory phenotype:
Add IV lidocaine (if no regional block planned within 4 hours) + dexmedetomidine

» High Oxidative Stress or Mitochondrial dysfunction phenotype:
Add dexmedetomidine (broadest multi-domain coverage) + magnesium (higher-end dosing)

* Maximum CPSP prevention (Multi-Domain elevation): Dexmedetomidine + IV lidocaine (strongest
CPSP data) + ketamine, with postoperative continuation of ketamine * lidocaine on the ward

7. COMBINATION SAFETY CONSIDERATIONS

+ Ketamine + dexmedetomidine: Pharmacologically complementary — dexmedetomidine attenuates
ketamine-induced emergence delirium and tachycardia, while ketamine partially offsets
dexmedetomidine-induced bradycardia/hypotension. Continuous hemodynamic monitoring is
essential

IV lidocaine + regional anesthesia: The 4-hour separation rule must be observed

+ Magnesium + ketamine: Additive NMDA antagonism; no significant safety concerns at
recommended doses

» Gabapentinoids + opioids: Increased respiratory depression risk, particularly in elderly patients

* Neuromonitoring: For procedures requiring intraoperative neuromonitoring, lidocaine and
magnesium at analgesic doses have minimal impact on SSEPs/MEPs; ketamine and
dexmedetomidine effects are dose-dependent and should be discussed with the neuromonitoring
team.

8. COMMUNICATION WORKFLOW

For each patient referred for orthopedic surgery, the following information will be provided preoperatively:
1. The patient's 4-D domain profile summary (dominant domains and biomarker values)
2. Recommended intraoperative agent selection based on the profile
3. Relevant preoperative nutraceutical and dietary interventions already initiated (detailed in a
separate communication)
4. Any specific considerations related to the patient's chronic pain medications (opioid tolerance
status, gabapentinoid use, etc.)

This information is intended to facilitate a collaborative discussion with the anesthesia team
regarding the optimal intraoperative analgesic strategy for each patient.



Thank you for your consideration of this approach. The goal is to leverage the preoperative phenotyping
already performed as part of the patient's chronic pain management to optimize surgical outcomes and
reduce the risk of pain chronification. Separate communications detailing preoperative and postoperative
dietary, nutritional, and nutraceutical protocols are available.

Eric Ehlenberger MD

Accurate Clinic

2401 Veterans Memorial Boulevard
Kenner LA 70062

Phone/Fax: 504.273.3004

This letter synthesizes the evidence discussed in the preceding two responses. The guideline
recommendations from the AAOS, ASRA/AAPM/ASA, ERAS, and ASER/POQI are cited throughout to
provide orthopedic surgeons with familiar, authoritative reference points.[1][2][3][4] The CPSP prevention
data are drawn primarily from the Doleman et al. network meta-analysis (132 RCTs, n=23,902) and the
Ma et al. dexmedetomidine meta-analysis (23 RCTs, n=1,979) [26 from prior discussion].[3] The
phenotype-guided selection rationale is supported by the Karami et al. review demonstrating that
preoperative CSI 240 predicts worse surgical outcomes and the emerging biomarker-based prediction
models from the NIH A2CPS program.[5][6]

A few important caveats: (1) The confidence in CPSP prevention data remains low for most agents due
to risk of bias and imprecision in the underlying trials. (2) The 4-D domain-to-agent mapping is based on
mechanistic rationale and indirect evidence rather than direct RCTs testing phenotype-guided intra-
operative selection. (3) This letter is designed as a starting point for collaborative discussion with surgical
and anesthesia teams, not as a prescriptive protocol, since institutional capabilities and preferences will

vary.[3][7]

Separate documents are also available:

* An Introduction to the 4-Domain Protocol

* PERI-operative Pain Management - including dietary, nutritional, and nutraceutical protocols
INTRA-operative Pain Management

POST-operative Pain Management

OPIOIDS - POST-operative

NSAIDs - POST-operative - New Concerns

Please refer to www.AccurateClinic.com for in-depth information about the topics above as well as the
4-Domain Protocol
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