
In
tr

o
d

uc
ti

o
n

4

Treatment of Acute and Periprocedural Pain

KEY FACTS

CLINICAL IMPLICATIONS
• Despite advances in minimally invasive surgeries and

percutaneous procedures, patients still experience acute
pain, although with relatively less intensity and duration

• Interventions of large areas, such as tumor ablations or in
delicate sensitive locations, result in acute postprocedural
pain

• Treating acute pain suboptimally can adversely affect
patient experience and satisfaction, such as unanticipated
hospital admission

• It is beneficial to have knowledge of acute pain
management principles, protocols, and pathways to
manage it

• Patients with chronic pain often unable to tolerate
percutaneous interventions due to hyperalgesia and
tolerance to opioids and sedatives

• Acute procedural pain has 2 phases: (1) Injury to tissue, (2)
release of inflammatory cytokines that sensitize peripheral
nerves to nociception

• Due to nature of interventional procedures, most of pain
patients' experience will be visceral in nature and involve
inflammation

• Treatment of acute pain with primarily opioids is
suboptimal due to side effects and nature of visceral pain

TREATMENT OF ACUTE PAIN
• Knowledge of acute pain principles is essential specifically:

Patient medical history, preemptive analgesia, procedure,
analgesics, and regional blocks

• Regional nerve blocks can be used to block or attenuate 1st
phase: Initial visceral insult, i.e., puncture of liver capsule

• It is prudent to administer antiinflammatories prior to
procedure to attenuate subsequent inflammatory
mediated pain

• Evidence-based protocols, such as enhanced recovery after
IR procedure (ERAP), should be comprised of multimodal
analgesia, including nonopioid analgesics, supplemental
nerve blocks, and prophylactic pharmacological
interventions, to decrease postprocedural pain

(Left) Tissue injury from
surgery results in pain that
comes in 2 waves: (1)
Incisional pain and (2)
inflammatory pain. As
inflammatory cytokines are
released by injured tissue, the
peripheral afferents sensitize,
creating a 2nd wave of pain in
the immediate postoperative
period. The latter plays a
major role in interventional
radiology procedures. (Right)
This chart outlines the
principles of acute
postprocedure pain
management.

2 Phases of Periprocedural Pain Principles for Treatment of Acute Pain

(Left) This algorithm can be
used to approach the patient
with an episode of acute
postprocedural pain. (Right)
This is an example of an
evidence-based protocol that
implements multimodal
periprocedural care strategies
to achieve early recovery after
complex, painful procedures
by further reducing stress
response from the procedure.

Algorithm for Treatment of Postprocedure
Acute Pain Crises

Enhanced Recovery After Interventional
Radiology Procedure
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Treatment of Acute and Periprocedural Pain

TERMINOLOGY
Definitions
• Acute pain: Result of insult and is short in duration, usually

lasting hours to days; can be intense and unpleasant for
patients; can transition into chronic pain

• Visceral pain: Results from activation of nociceptors of
viscera in abdomen, pelvis, or thorax; visceral structures are
highly sensitive to distension, ischemia, and inflammation
○ Described as vague, not localized, deep squeeze,

pressure, aching
– i.e., distension of hollow organs, such as bowel, can

cause visceral pain
○ Can be felt far from its origin as referred pain (i.e., right

upper quadrant pain may manifest as shoulder pain)
• Somatic pain: Different from visceral pain; nociceptive pain

from skin, tissue, or muscle
○ Described as pricking, burning, sharp, or throbbing

• Neuropathic pain: Pain initiated or caused by lesion or
disease in somatosensory nervous system
○ Associated with abnormal sensations (dysesthesia) or

pain from normally nonpainful stimuli (allodynia); can be
continuous &/or episodic
– Described as tingling or burning

• Hyperalgesia: Heightened sensitivity to pain from stimulus
that usually provokes pain

• Allodynia: Perception of pain from stimulus that does not
normally provoke pain

CLINICAL IMPLICATIONS
Clinical Importance
• Studies in surgical population have indicated that large

population of patients who experience acute pain then
develop chronic pain

• Despite advances in minimally invasive surgeries and
percutaneous procedures, patients still experience acute
pain, although with relatively less intensity and duration
○ Procedures to treat chronic pain often result in acute

pain, i.e., cryoablation of metastatic chest wall mass
○ Patients with chronic pain often unable to tolerate

percutaneous interventions due to allodynia,
hyperalgesia, and tolerance to opioids and sedatives
– Cancer pain
– Opioid dependence/abuse

• Treatment of acute pain with primarily opioids is
suboptimal due to side effects and nature of visceral pain

• Acute pain can be intense and lead to unanticipated
hospital admissions, especially for percutaneous
procedures, such as large tumor ablations and other
ablations

• Treating acute pain suboptimally can adversely affect
patient experience and satisfaction

• Acute pain plays major role for perioperative and
periprocedural care; therefore, it can beneficial to have
knowledge of acute pain management and have protocols
and pathways that focus on managing it
○ Acute pain treatment protocols should be composed of

multimodal analgesia, including nonopioid analgesics,
supplemental nerve blocks, and prophylactic
pharmacological interventions to decrease
postprocedural pain

TREATMENT OF ACUTE PERIPROCEDURAL
PAIN

Principles of Treating Acute Pain
• Having dedicated acute pain specialist is most optimal for

patient care
○ If there is no dedicated role, acute pain can be managed

by number of principles
• Acute pain is multimodal in nature

○ Pain is complex in nature and can have several
components: Somatic/visceral nociceptive, inflammatory,
and neuropathic

○ Acute periprocedural pain crisis
○ Acute pain is treated most effectively via multimodal

approach utilizing several drugs that act on multiple pain
receptors and modulation sites

• Preemptive analgesia
○ Procedural pain exists in 2 phases

– (1) Acute tissue injury
– (2) Subsequent release of inflammatory cytokines that

sensitize peripheral nerves and render them more
susceptible to nociception

○ Due to nature of interventional procedures, most of
pain patients' experience will be visceral in nature and
involve inflammation

○ Nerve blocks can be used to block or attenuate 1st
phase: Initial visceral insult, i.e., puncture of liver capsule

○ It is prudent to administer antiinflammatories prior to
procedure to attenuate subsequent inflammatory-
mediated pain

• Scheduled analgesic regimen
○ "Stay ahead of pain"

– Pain has to be treated preemptively, especially post
procedure

– Challenging to treat pain once it gets "ahead of
patient"

– Once patient is in pain, it is difficult to catch up due to
patient's distress and need for immediate relief

○ Post procedure, patient should have regularly scheduled
analgesic regimen
– Keeping in mind dosage limits of analgesic

• Patient uniqueness
○ Thorough knowledge of preexisting medical conditions

is essential
– Medical history, including cardiac, renal and liver

function, anticoagulation status
□ Will impact analgesic choice and dose

– History of chronic pain or opioid dependence/abuse
□ Patient with chronic opioid dependence/abuse,

such as patients with cancer pain, will have lower
threshold for pain

– Previous history of acute pain
□ Patients will often present for repeat procedures;

history of prior pain for same procedure is
indication for future pain with same procedure

○ Medical allergies
– Certain analgesics/antiinflammatories will be

contraindicated
• Thorough knowledge of patient's procedure

○ Unique to interventional procedures is wide
interprocedural variability for each intervention
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– Target location and size from procedure to procedure
○ Not all procedures are painful
○ Interventions of large areas or in delicate sensitive

locations will render patient with acute postprocedural
pain
– Peripheral liver ablation near capsule/peritoneum and

diaphragm
– Embolizations of large liver tumors, uterine fibroids,

renal tumors
– Planned angioplasty of arterial stenosis with large

balloon
○ Important to know location of intervention

– Nerve innervation of target area can be utilized to
perform precise nerve blocks

• Knowledge of visceral pain
○ Majority of acute pain in interventional suite is visceral

– Visceral pain is treated by targeting afferent visceral
nerves conducting it

– Visceral pain responds best to antiinflammatories, not
opioids

• Knowledge of analgesics is vital
○ Great fund of knowledge can widened multimodal

treatment repertoire
• Knowledge of regional blocks

○ Blocks, including rescue blocks, can be performed to
treat unanticipated acute pain

○ Knowledge of local anesthetics and pharmacokinetics,
including onset time and duration

• Application of alternative modalities for treatment of acute
pain
○ Transcutaneous electrical nerve stimulation

– Using percutaneous electrical stimulation of varying
intensities and frequencies for visceral pain

– Applied to certain regions on body via electrodes with
preprogrammed settings and time limit
□ It can be used for prostate biopsies in lieu of local

anesthetic injection, renal colic, and uterine pain

Oral Analgesics
• Most optimal for preemptive analgesia and postprocedural

scheduled pain regimen when patient is able to tolerate
oral intake
○ Suboptimal during acute pain crisis, as patient may not

be able to tolerate oral intake
• Some drugs, including gabapentinoids and steroids, have

been studied off label and found beneficial for preemptive
analgesia as opioid-sparing agents for surgery

• Oral analgesics vary wide and target many sites of pain
including inflammatory cascade and central/peripheral CNS
neuromodulation
○ Inflammatory cascade

– Nonsteroidal antiinflammatory drugs (NSAIDs):
Selective and nonselective COX inhibitors

– There is increasing evidence selective COX-1
inhibitors, such as celecoxib, have antitumor effects
and may play role in cancer recurrence

○ Neural modulators
– Gabapentinoids: Work on CNS to inhibit calcium

channels and reduce excitability

– Opioids: Produce analgesic effects via activation of μ-
opioid receptor in midbrain periaqueductal gray and
rostral ventromedial medulla
□ Produce reward and addiction via activation of mu

receptor in mesolimbic reward pathway
– There is evidence that opioids have angiogenic and

protumor effects; therefore, can have role in cancer
recurrence

Intravenous Analgesics
• NSAIDs, including ketorolac and acetaminophen
• NMDA receptor antagonists
• α-2 agonists: There is evidence suggesting infusions can

decrease postoperative opioid requirements
• Local anesthetics: Infusions have been studied, and there is

evidence it decreases inflammation and postoperative pain
• Opioids
• Mixed opioid/opioid agonists
• Steroids: Antiinflammatory effects decreases postoperative

opioid requirements and attenuate post embolization and
ablation syndromes

Topical Analgesics
• Local anesthetics: Render topical anesthesia to underlying

structures and can be used for punctures of skin, such as in
IV placement, arterial access, and percutaneous access
○ Can be applied to achieve systemic antiinflammatory

effects, as there is evidence local anesthetics can be
beneficial to prevent cancer recurrence

• NSAIDs: Provides analgesia via local antiinflammatory
mechanisms to treat mild pain, such as sprains and strains
○ Limited systemic absorption

Alternative Modalities
• Transcutaneous nerve stimulation (TENS)

○ Can be used to treat acute visceral pain from renal,
uterine, and prostate organs
– Recently used for ultrasound-guided prostate biopsies

with success
• Virtual reality
• Music therapy

Acute Pain Protocols
• Enhanced recovery after IR procedure (ERAP)

○ Evidence-based protocol that implements multimodal
periprocedural care strategies to achieve early recovery
after complex, painful procedures by further reducing
stress response from procedure

SELECTED REFERENCES
1. Bolat MS et al: A novel method for pain control: infiltration free local

anesthesia technique (INFLATE) for transrectal prostatic biopsy using
transcutaneous electrical nerve stimulation (TENS). Int Urol Nephrol.
51(12):2119-26, 2019

2. Chai PR et al: The feasibility and acceptability of a smartphone-based music
intervention for acute pain. Proc Annu Hawaii Int Conf Syst Sci. 2019:3917-
25, 2019

3. Levene JL et al: Local anesthetics and regional anesthesia versus
conventional analgesia for preventing persistent postoperative pain in
adults and children: a Cochrane systematic review and meta-analysis update.
J Clin Anesth. 55:116-27, 2019

4. Prescriber's Digital Reference. https://www.pdr.net/. Reviewed December
16, 2019. Accessed December 16, 2019.



Intro
d

uctio
n

7

Treatment of Acute and Periprocedural Pain

Common Oral Nonopioid Analgesics

Drug Class Dose (Daily Max) Benefits Side Effects Contraindications
Acetaminophen 975 mg every 6-8 hours

(2-4 g)
Mild to moderate nociceptive pain
Decreases postoperative opioid use

Increased liver
function tests

Fulminant liver failure

Nonsteroidal Antiinflammatory Drugs

Ibuprofen 200-800 mg every 6-8 hours
(1,200-1600 mg)

Mild to moderate nociceptive pain GI upset
Renal impairment

Peptic ulcer disease
Severe CAD/MI
Pregnancy

Ketorolac 20 mg once after IV/IM 
then 10 mg every 4-6 hours
(40 mg)

Moderate to severe nociceptive pain GI upset
Renal impairment
Bleeding
MI

Peptic ulcer disease
CABG surgery
Severe CAD/MI
Pregnancy

Celecoxib 200 mg every 12 hours
(400 mg)

Moderate to severe nociceptive pain GI upset
Renal impairment
MI

Sulfa allergy
Severe CAD/MI
Renal impairment
Extreme age

Indomethacin (PR) 100 mg every 12 hours
(200 mg)

Moderate to severe nociceptive
(pancreatitis) pain (most potent)

GI upset
Renal impairment

Bleeding diathesis 
Renal impairment

Adjuvant Analgesics

Gabapentin 300-600 mg preoperative
(2,400 mg)

Neuropathic pain
Decreases postoperative opioid use

Somnolence
Jerky movements
Suicidal ideation

Suicidal ideation
Myasthenia gravis

Pregabalin 75-150 mg preoperative
(600 mg)

Neuropathic pain
Decreases postoperative opioid use

Somnolence
Dry mouth

Suicidal ideation
Allergic reaction

Oral nonopioid analgesics used for acute and preemptive pain are shown. Care should be taken when administering analgesics and careful risk-benefit
analysis should be undertaken, especially in patients with impaired end-organ function. Doses can be decreased in certain instances. For Celebrex, there is
evidence to suggest it has anticancer properties.

Intravenous Nonopioid Analgesics

Drug Class Dose (Daily Max) Benefits Side Effects Contraindications
Acetaminophen 1,000 mg every 6-8 hours

(2-4 g)
Nociceptive pain
↓ postoperative opioid use

↑ liver function tests Severe liver failure

Nonsteroidal Antiinflammatory Drugs

Ketorolac 15-30 mg every 4-6 hours (120 mg) Nociceptive pain Antiplatelet
Myocardial infarction

Peptic ulcer disease
CABG surgery
Severe CAD
Pregnancy

Periprocedural Adjuvant Analgesics

Dexamethasone 0.1 mg/kg
8-12 mg once preprocedure

↓ postoperative opioid use ↓ wound healing
Hyperglycemia

Diabetes mellitus
Osteoporosis

Lidocaine 1.5 mg/kg bolus → 1-2 mg/minute
infusion (therapeutic 2-10 μg/ml)

↓ postoperative opioid use Local anesthetic toxicity
Lethargy
Methemoglobinemia 

Severe liver failure
Seizures
Acute porphyria

Ketamine 0.5 mg/kg bolus → 5-10 mcg/kg/minute
infusion

↓ postoperative opioid use Hypertension
Psychosis

Acute psychosis
Increase ICP and IOP

Dexmedetomidine 0.0-1.0 mcg/kg bolus over 10 minutes →
0.3-1.0 mcg/kg/minute infusion 

↓ postoperative opioid use Bradycardia
Hypotension

Cardiomyopathy

Esmolol 1.5 mg/kg bolus → 5-15 mcg/kg/minute
infusion

↓ postoperative opioid use Bradycardia
Hypotension

Heart block
Bronchospasm

Magnesium 50 mg/kg bolus → 8-15 mg/kg/hour
infusion

↓ postoperative opioid use Hypotension
Respiratory depression

Severe renal failure
Heart block

Common IV analgesics used in managing acute pain in the periprocedural time period are shown. Adjuvant analgesics are used for preemptive analgesia to
decrease postprocedural opioid consumption. Boluses are given at the start of the procedure with subsequent intraprocedure infusions. 
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Common Oral Opioid Analgesics in Acute Pain

Opioid Drug Class Dose (Daily Max) Benefits Side Effects Contraindications
μ-Opioid Receptor Agonist

Codeine ±
acetaminophen

15-60 mg every 4 hours
(360 mg)

Mild visceral and somatic pain Seizures
Nausea/vomiting
Respiratory depression

GI obstruction
Severe liver disease
MAOI therapy

Hydrocodone/
acetaminophen

2.5-10 mg every 4-6 hours
(50 mg)

Severe visceral and somatic
pain

Pruritus
Nausea/vomiting
Respiratory depression

GI obstruction
MAOI therapy
Adrenal insufficiency

Oxycodone ±
acetaminophen

5-15 mg every 4-6 hours
(no max dose)

Moderate to severe visceral
and somatic pain

Pruritus
Nausea/vomiting
Respiratory depression

GI obstruction
MAOI therapy
Adrenal insufficiency

Morphine immediate
release

10-30 mg every 4 hours
(no max dose)

Moderate to severe visceral
and somatic pain

Pruritus
Nausea/vomiting
Respiratory depression

GI obstruction
MAOI therapy
Adrenal insufficiency

Hydromorphone 2-4 mg every 4-6 hours
(no max dose)

Moderate to severe visceral
and somatic pain

Pruritus
Nausea/vomiting
Respiratory depression

GI obstruction
MAOI therapy
Adrenal insufficiency

Mixed Opioid Receptor Agonist

Tramadol 50-100 mg every 4 hours
(400 mg)

Mild to moderate visceral and
somatic pain

Serotonin syndrome
Suicidal ideation
Mild nausea and sedation

Seizure disorder
MAOI therapy
GI obstruction

Common oral opioid analgesics used in treating acute postprocedural pain are shown. This should be used sparingly due to side effects. Recent data has
suggested that opioids may have prooncogenic effects. MAOI = monoamine inhibitor.

Intravenous Opioid Analgesics in Acute Periprocedural Pain

Opioid Drug
Class

Dose (Per Dose Max) Benefits Side Effects Contraindications

μ-Opioid Receptor Agonist

Fentanyl 50-100 mcg every 1-2 hours 
(100 mcg)

Fast onset 
Short duration

Pruritus
Nausea/vomiting
Respiratory depression

CNS depression
GI obstruction

Morphine 2-10 mg every 3-4 hours
(10 mg)

Severe visceral and somatic
pain 
Slow onset

Pruritus
Nausea/vomiting
Histamine release
Respiratory depression

CNS depression
GI obstruction

Hydromorphone 0.2-1 mg every 3-4 hours
(1 mg)

Severe visceral and somatic
pain  
Slow onset

Pruritus
Nausea/vomiting
Respiratory depression

CNS depression
GI obstruction

NMDA Receptor Antagonist

Methadone 0.2mg/kg prior to surgical incision
(20 mg)

Severe visceral and somatic
pain ↓ postoperative opioid
use

Torsades de pointes
Respiratory depression

Prolonged QT
CNS depression
GI obstruction

Mixed Opioid Receptor Agonist-Antagonist

Buprenorphine 150-300 mcg every 6-8 hours
(300 mg)

Moderate to severe visceral
and somatic pain

Prolonged QT
Respiratory depression
Nausea/vomiting
Sedation

GI obstruction
CNS depression

Nalbuphine 10 mg every 4-6 hours
(20 mg)

Moderate to severe visceral
and somatic pain

Anaphylactoid reactions CNS depression
GI obstruction

Intravenous opioid options for the treatment of acute periprocedural pain are shown.  There is interpatient variability in analgesic effective doses that
depend on many factors, including opioid tolerance. The goal is to achieve analgesia with minimum effective dose. To achieve this, the analgesics can be
initially redosed every 15-20 minutes for 2-3 doses and not exceed the per dose max.
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Topical Agents in Acute Pain

Drug Class Dose (Daily Max) Benefits Side Effects Contraindications
Local Anesthetics

Lidocaine patch 5% 1-3 patches every 12 hours
(3 patches)

Moderate topical somatic analgesia
Mild systemic antiinflammatory

Skin irritation
CNS excitability

Skin breakdown
Concomitant antiarrhythmic
Fulminant liver failure

Lidocaine
2.5%/prilocaine
2.5%(EMLA) cream

2.5 g (half 5-g tube) per 10-20
cm² 1-2 hours prior to
procedure
(20 g)

Moderate topical somatic analgesia Skin irritation
CNS excitability

Skin breakdown
Concomitant antiarrhythmic
Methemoglobinemia 

Lidocaine 7% and
tetracaine 7% (Synera)
patch

1 patch for treatment is 30
minutes prior to procedure 
(1 patch)

Moderate topical somatic analgesia Skin irritation
CNS excitability

Skin breakdown
Concomitant antiarrhythmic
Fulminant liver failure

NSAID

Diclofenac epolamine 
patch 1.3%

1 patch every 12 hours
(2 patches)

Mild somatic pain
Mild local antiinflammatory

Skin irritation Skin breakdown
Recent MI
Peptic ulcer disease
Pregnancy

Topical analgesics can be incorporated to periprocedural care to achieve topical somatic anesthesia that can be useful to IV access, arterial access, and
topical analgesia for percutaneous procedures. These can also be used to treat referred pain symptoms. There is evidence that local anesthetics, such as
lidocaine, have systemic antiinflammatory effects beneficial for analgesia.




