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Inflammatory Response

➢ The inflammatory response is a normal 

(desirable) defense mechanism

➢ The side effects are undesirable

➢ Inflammation is on of these two:

⚫ Acute Inflammation 

⚫ Chronic Inflammation



Acute Inflammation

➢ Very rapid onset (seconds or minutes)

➢ Usually of relatively short duration, lasting 

for minutes, several hours, or a few days

➢ Main characteristics include:

⚫ Exudation of fluid and plasma proteins 

(edema) 

⚫ Emigration of leukocytes, predominantly 

neutrophils



Acute Inflammation

➢ Acute inflammatory reactions are triggered 

by a variety of stimuli:

⚫ Infections (bacterial, viral, parasitic) and 

microbial toxins

⚫ Trauma (blunt and penetrating)

⚫ Physical and chemical agents

⚫ Tissue necrosis

⚫ Foreign bodies

⚫ Immune reactions (hypersensitivity reactions)



Acute Inflammation

➢ Local clinical signs of acute inflammation:

⚫ Heat

⚫ Redness

⚫ Swelling

⚫ Pain

⚫ Can have loss of function



Chronic Inflammation

➢ Longer duration than acute inflammation

➢ Associated histologically with the presence 

of: 

⚫ Lymphocytes and macrophages 

⚫ Proliferation of blood vessels

⚫ Fibrosis 

⚫ Tissue necrosis

➢ Less uniform than acute inflammation



Chronic Inflammation

➢ Causes:

⚫ Persisting infection or prolonged exposure to 

irritants

⚫ Repeated acute inflammations 

⚫ Primary chronic inflammation

⚫ Autoimmune reactions: 

• Rheumatoid arthritis 

• Glomerulonephritis

• Multiple sclerosis



HCAHPS

➢ HCAHPS (Hospital Consumer 

Assessment of Healthcare Providers and 

Systems) is part of the Affordable Care 

Act.

➢ Was effective October 1st, 2012

➢ Is based on patient satisfaction of their 

pain control



HCAHPS

➢ Hospital reimbursement is now based on 

HCAHPS scores

➢ Individual health care providers will be 

scored…..yes….that includes US!

➢ Multimodal techniques for perioperative 

pain management play a very important 

role in overall patient satisfaction



HCAHPS

➢ In 2018, the pain management dimension 

of the HCAHPS survey is no longer 

factored into hospital reimbursement

➢ Pain management questions will still be 

included in the survey, and although they 

won’t be used to determine 

reimbursement, they will continue to factor 

into the hospital’s rating



HCAHPS

➢ CMS will continue to collect data on 

whether excluding pain management 

questions from HCAHPS survey scores 

decreases the frequency of opioid 

prescription and opioid related events

➢ Pain management scores are likely to be 

replaced with a “care transition measure”



Multimodal Pain Management

➢ Multimodal analgesia combines two or 

more analgesic agents or techniques that 

act by different mechanisms to provide 

analgesia



Multimodal Pain Management







Multimodal Pain Management

➢ Demonstrated benefits include better pain 

relief that is possible with a single 

analgesic

➢ Reduced doses of analgesics in the 

treatment plans

➢ Opioid dose-reducing effects

➢ Fewer analgesic gaps

➢ Improved functional outcomes



Multimodal Pain Management

➢ Less pain during rest and activity

➢ Reduced hospital length of stay

➢ Improved patient satisfaction



Treatment with Steroids

➢ Glucocorticoids have been and continue to 

be used to reduce inflammation and tissue 

damage in a variety of conditions

➢ Their sole use for pain relief is limited due 

to side effects such as adrenal 

suppression, osteonecrosis, impaired 

wound healing, and concerns about their 

efficacy

➢ They are being included in multimodal 

therapy to decrease opioid use



Treatment with NSAIDS

➢ NSAIDS (Non-steroidal Anti-inflammatory 

Drugs) have the following pharmacological 

effects:

⚫ Analgesic effects (CNS...acetaminophen, and 

peripheral effects)

⚫ Antipyretic effects (CNS effect)

⚫ Anti-inflammatory (Except acetaminophen) 



Treatment with NSAIDS

➢ NSAIDS work by interfering with the 

cyclooxygenase pathway

➢ The normal process begins with arachidonic 

acid, a dietary unsaturated fatty acid

➢ This acid is converted by the enzyme 

cyclooxygenase to synthesize different 

prostaglandins



NSAIDS

➢ These prostaglandins go on to stimulate 

many other regulatory functions and 

reactionary responses in the body

➢ Most literature lists two types of 

cyclooxygenase: 

⚫ COX1  

⚫ COX2

➢ Each of these lends itself to producing 

different types of prostaglandins



NSAIDS

➢ The Cox1 enzyme in constitutive, meaning 
that its concentration in the body remains 
stable

➢ It is present in most tissues and converts 
arachidonic acid into prostaglandins



NSAIDS

➢ The location of the Cox1 enzyme dictates 

the function of the prostaglandin that it 

releases.  Example:  Cox 1 in the stomach 

wall produces prostaglandins that 

stimulate mucous production

➢ The Cox2 enzyme is induced, meaning 

that it is not normally active in cells, but its 

expression can be increased



NSAIDS

➢ Macrophages, the scavenger cells of the 

immune system, increase the expression 

of the Cox2 enzyme

➢ Cox2’s most important role is 

inflammation



NSAIDS

➢ In a nut shell, Cox1 enzymes are 

stimulated continually and Cox2 enzymes 

are stimulated only as part of an immune 

response

➢ Inflammation is a nonspecific response of 

the immune system to damaged cells

➢ Characterized by:

⚫ Redness

⚫ Pain

⚫ Heat and swelling of tissue



NSAIDS

➢ Although there are many components to 

inflammation, only the prostaglandin 

component is substantially reduced by the 

action of an NSAID

➢ With an autoimmune disease, the body is 

basically attacking its own cells through 

the inflammatory process as though they 

were foreign particles



NSAIDS

➢ By reducing the “BAD” prostaglandins, 

the swelling, heat and pain of inflammation 

is reduced

➢ Blockage of the “GOOD” prostaglandins 

leads the the common adverse effects:

⚫ Platelet disfunction, gastritis and peptic 

ulcerations, edema formation etc



NSAIDS

➢ NSAIDS work by temporarily blocking the 
attachment site for arachidonic acid on the 
cyclooxygenase enzyme, preventing the 
enzyme from converting arachidonic acid 
to prostaglandins

➢ The exception to the temporary blockade 
is aspirin.  It irreversibly acetylates 
cyclooxygenase and lasts until new 
enzymes are formed



NSAIDS



NSAIDS

➢ As stated before, most of the nasty side 

effects of NSAIDS are due to the blockade 

of the Cox1 enzyme

➢ Most NSAIDS block Cox1 more than 

COX2.  The ones that have a higher ratio 

of Cox1 to Cox2 have worse side effects



NSAIDS

➢ In an effort to avoid the undesirable side 

effects of NSAIDS, NSAIDS that are 

specific to the COX2 enzymes were 

researched and produced



COX 2 Specific NSAIDS

➢ Developed to avoid the detrimental effects of 

blocking the COX 1 enzyme which leads to 

DECREASED: 

⚫ Mucous and bicarb production in the stomach

⚫ Stomach acid production

⚫ Blood flow within the stomach wall

➢ Unfortunately, the heart protective effects of 

NSAIDS are due to blockage of the COX 1 

enzyme which normally leads to the synthesis of 

thromboxane A2 in platelets

➢ TXA2 is required for platelet aggregation and 

normal platelet function



COX 2 Specific NSAIDS

➢ The downside of blocking only the Cox 2 

enzyme is the fact that thromboxane A2 

production is not inhibited 

➢ This is the reason that the Cox 2 specific 

NSAIDS were banned

➢ The unopposed synthesis of the Cox 1 

enzyme lead to an increased risk for both 

MI and stroke



COX-2 Pharmacokinetic 

Paramenters
➢ Includes:

⚫ Celecoxib

⚫ Rofecoxib

⚫ Valdecoxib

⚫ Parecoxib

➢ Differ from earlier NSAIDs in that they are all: 

⚫ Highly lipophilic

⚫ Neutral

⚫ Nonacidic molecules with limited solubility in aqueous 
media 

⚫ Cox2 specific



COX 2 Specific NSAIDS

➢ PO Celecoxib (Celebrex) Has black box warning

⚫ Well absorbed with peak plasma concentrations reached 
in 2 – 4 hours

⚫ Metabolized by cytochrome p 450

➢ PO Rofecoxib (Vioxx)  Banned

⚫ Rapidly absorbed in GI tract peak plasma concentrations 2 
– 3 hours

⚫ Metabolized via reduction

➢ PO Valdecoxib (Bextra)  Banned

⚫ Reaches peak plasma concentration in 30 min

⚫ Was used for menstrual pain associated with 
dysmenorrhea.

⚫ Inhibits cytochrome p 450 and is metabolized by p 450



COX 2 Specific NSAIDS

➢ IV Parecoxib (Approval denied by FDA)

⚫ Only Cox 2 specific inhibitor that was 

available in parenteral form

⚫ Pro-drug that is rapidly hydrolyzed to 

Valdecoxib

⚫ Metabolized by cytochrome P 450

⚫ Inhibits cytochrome P 450



Drug Interactions with 

conventional NSAIDS

➢ Associated with increased bleeding risks, 

caution with anticoagulant drugs

➢ Enhancement of analgesic properties 

with opioids

➢ Mucosal protective agents reduce 

bioavailability



Effect of Disease on 

Pharmacokinetics
➢ Renal dysfunction leads to changes in Vd

➢ Hepatic insufficiency: 

⚫ Alters clearance 

⚫ Changes plasma protein ratios 

⚫ Increases prothrombin time



Adverse Effects

➢ Extensive side effect profile that 

contraindicates use in many

➢ GI effects:

⚫ Gastric erosion

⚫ Peptic ulcer formation

⚫ Perforation

⚫ Hemorrhage

⚫ Mucosal inflammation



Adverse Effects

➢ PGs are involved in control of renin release, 

regulation of vascular tone, and control of 

tubular function; drawback of conventional 

NSAIDs is adverse effect on renal function

⚫ Acute ischemic renal failure

⚫ Interstitial nephritis

⚫ Renal papillary necrosis

⚫ Increased incidence of acute renal failure with 

ketorolac for > 5days



Adverse Effects
➢ Coagulation effects:

⚫ Inhibit platelet aggregation

➢ Aseptic meningitis

⚫ Symptoms appear within a few hours to weeks

⚫ Fever

⚫ May also exhibit:

• Periorbital edema 

• Conjunctivitis

• Hypotension 

• Pancreatitis 

• Fatigue 

• Seizures



Dosing

➢ Difficult to establish relationships between 

plasma concentrations and clinical efficacy 

in managing acute pain and inflammatory 

disorders

➢ Response to different NSAIDs highly 

variable between different patients



Commonly Prescribed NSAIDS

➢ Acetic Acid Group

⚫ Diclofenac (Voltaren)

⚫ Etodalac (Lodine)

⚫ Ketorolac (Toradol)

⚫ Indomethacine (Indocin)

⚫ Nabumetone (Relafen)

⚫ Sulindac (Clinoril)

⚫ Tolmetin (Tolectin)



Commonly Prescribed NSAIDS

➢ Oxicam Group

⚫ Meloxicam (Mobic)

⚫ Piroxicam (Feldene)



Commonly Prescribed NSAIDS

➢ Propionic Acid Group

⚫ Fenoprofen (Nalfon)

⚫ Flurbiprofen (Ocufen)

⚫ Ibuprofen (Motrin, Advil)

⚫ Ketoprofen (Orudis)

⚫ Naproxen (Naprosyn, Aleve)

⚫ Oxaprozen (Daypro)



Commonly Prescribed NSAIDS

➢ Salicylate Group

⚫ Aspirin (Ecotrin, Ascriptin)

⚫ Choline magnesium (Tricosol, Trilisate)



Commonly Prescribed NSAIDS

➢ Coxib group

⚫ Celecoxib (Celebrex)

• Only Cox 2 still available



ASA

➢ Irreversibly inhibits both forms of COX

➢ Tinnitus is a sign of over dosage

➢ The use of aspirin for treatment of a viral 

disease in children has been linked to 

Reye’s syndrome



Caldolor

➢ IV form of Ibuprofen

➢ Indicated for:

⚫ Management of mild to moderate pain

⚫ Management of moderate to severe pain as 

an adjunct to opioid analgesics

⚫ Reduction of fever



Caldolor

➢ Contraindications:

⚫ Known hypersensitivity to ibuprofen and other 

NSAIDS

⚫ Asthma, urticaria, or allergic-type reactions 

after taking aspirin or other NSAIDS

⚫ Use during the peri-operative period in the 

setting of CABG surgery 



Caldolor

➢ Warnings:

⚫ May increase risk of thrombotic events, 

including MI and stroke

⚫ May increase the risk of GI adverse events 

including bleeding, ulceration, and perforation 

of the stomach or intestines.  Elderly patients 

are at greater risk



Caldolor

➢ Dosing:

⚫ Pain: 400mg to 800mg IV over 30 minutes q 

6hrs

⚫ Fever: 400mg IV over 30 minutes, followed by 

400mg q 4 to 6 hrs, or 100-200mg q 4 hrs as 

necessary



Acetaminophen (APAP)

(Tylenol, Ofirmev)
➢ Not a true NSAID

➢ No anti-inflammatory effects

➢ Lacks the side effects of the NSAIDS

➢ Used as an antipyretic and analgesic

➢ Best alternative to aspirin in children and 
patients in which aspirin in not 
recommended.

➢ Hepatic toxicity is a potential danger 
especially with alcohol consumption.



Ofirmev

➢ IV form of acetaminophen

➢ Indicated for:

⚫ Management of mild to moderate pain

⚫ Management of moderate to severe pain with 

adjunctive opioid analgesics

⚫ Reduction of fever

➢ Approved for use in adults and children 2 

years of age and older



Ofirmev

➢ Rapid onset of action:

⚫ Statistically significant improvement within 15 

minutes of administration for both pain and 

fever

⚫ Measurable in CSF at 15 minutes following 

administration

⚫ Duration of action: 4 to 6 hours

⚫ Bypasses first-pass liver exposure and 

metabolism



Ofirmev
➢ Contraindications:

⚫ Severe hepatic impairment

⚫ Severe active liver disease

⚫ Known hypersensitivity to acetaminophen

➢ Use with caution in patients with:

⚫ Hepatic impairment or active liver disease,

⚫ Alcoholism

⚫ Chronic malnutrition 

⚫ Severe hypovolemia

⚫ Severe renal impairment



Ofirmev

➢ Suggested dosing:  Dosed IV over 15 

minutes

➢ Adults and adolescents (>13 years old) 

>50kg

⚫ 1000mg q6hrs, max single dose 1000 mg, 

max total daily dose 4000mg in 24 hrs

➢ Adults and adolescents (<13 years old) 

<50kg and children 2 to 12 years old

⚫ 15mg/kg, max single dose 15mg/kg, max total 

daily dose 75mg/kg in 24 hrs
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