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A Topical Review

Use of Radiopaque Contrast Agents for the 
Interventional Pain Physician

Pradeep Chopra MD, and Howard Smith MD

In recent years, pain specialists have 
started using fluoroscopy units and radio-
logic adjuncts more and more often for 
accurate localization of needle position 
and the spread of contrast medium before 
injecting a local anesthetic, steroid or neu-
rolytic agents. There is very little informa-
tion in the pain management literature on 
the use of contrast agents. This article will 
address some of the pertinent issues rele-
vant to the use of contrast agents for in-
terventional pain procedures. 

The amount of contrast medium 
which is utilized in interventional pain 
procedures is ‘dwarfed’ by comparison 
with the larger volumes used for inter-
ventional and diagnostic radiology. Even 
a perineural injection of contrast medi-
um can be inadvertently injected intrave-
nously or intrathecally. The clinical con-
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sequences of larger volumes of contrast 
agents used during diagnostic and inter-
ventional radiology procedures usually 
do not apply to the small amounts used 
for interventional pain clinic procedures, 
nevertheless it is important that the Pain 
Specialist keep in mind the potential ef-
fects of contrast medium on neural tissue 
and its systemic effects. The judicious use 
of contrast medium helps localize precise 
anatomic locations, may prevent aber-
rant spread of injectate, and may also re-
duce fluoroscopic time. When used with 
CAT scanning, contrast medium may be 
administered either orally or intravas-
cularly, to enhance the image quality of 
the gastrointestinal tract and the vascu-
lature thus facilitating precise needle lo-
calization.

CLASSIFICATION OF CONTRAST AGENTS

Broadly, radiocontrast agents can be 
classified (1) as positive contrast agents 
and negative contrast agents. Positive 
contrast agents absorb x-rays and pro-
duce a darker shadow of the tissue to be 
visualized against the surrounding tissues, 
on the fluoroscopic screen and lighter 
shadows on the x-ray film. Negative con-
trast agents are more transparent to x-rays 
than body tissue and produce a lighter 

shadow on the fluoroscopic screen. Gases 
such as air, nitrogen, carbon dioxide, heli-
um, oxygen, nitrous oxide and xenon be-
long to this category. Pain Management 
practitioners most often use positive con-
trast agents or radiopaque agents; A small 
quantity of air maybe used to define tissue 
planes as in lumbar sympathetic blocks. 

The properties (2) of radiopaque 
contrast agents that are desirable are:
1. Satisfactory radiopacity
2. Stable
3. Pharmacologically inert
4. Minimum sensitization

The chemical structure (3) of a con-
trast agent determines their properties 
and hence their clinical effects. The or-
ganic iodine compounds are extensively 
used and have a broad range of diverse 
applications. Contrast agents can be clas-
sified as:
a. Non ionic monomers and dimers 
b. Ionic monomers and monoacidic 

dimers 

Non-Ionic Agents
All agents contain an organic iodine 

compound that provides the contrast. 
Nonionic contrast agents are more hydro-
philic than ionic agents. It is this greater 
hydrophilicity of the nonionic agents that 

Intravenous contrast (IV) agents are 
used by Interventional Pain Management 
specialists for accurate localization of nee-
dle positions and spread of contrast agents 
to delineate pertinent anatomy. IV contrast 
agents are classified chemically as non-ionic 
or ionic monomers and dimers. Non-ionic IV 
contrast agents are more hydrophilic which 
makes them less neurotoxic. They also have 
a lower osmolality and produce fewer side ef-
fects. The desirable properties of IV contrast 
agents include satisfactory radiopacity, sta-
bility, pharmacological inertness and mini-
mum sensitization. 

Physicians must obtain an informed 
consent for use of IV contrast agents prior to 
the procedure. A detailed history of allergies 
to iodine containing foods is a contraindica-
tion to using IV contrast agents. 

Reactions to IV contrast agents may 
produce mild to severe symptoms. Facili-
ties where IV contrast agents are adminis-
tered must be well equipped with resusci-
tation equipment, medications and available 
trained staff.  Pretesting with a small intra-
dermal dose or subcutaneous injections, will 
not predict adverse reactions. Premedication 
with antihistamines, anticholinergics and di-

azepam is less effective than with corticoste-
roids. Pretesting cannot be relied upon to 
predict severe reactions and may itself be 
hazardous for the patient.

The frequency of renal insult is espe-
cially high with pre existing azotemia, dia-
betes mellitus or elevated serum creatinine. 
Patients over the age of 65 years, with multi-
ple myeloma, hypertension or hyperuricemia 
are at increased risk for developing nephro-
toxicity.

Keywords:  Intravenous contrast 
agents, iodine, interventional pain, ionic con-
trast agents, non-ionic contrast agents 
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reduces their subarachnoid and intrave-
nous toxicity. They do not combine with 
either proteins or macromolecules, which 
makes them considerably less toxic than 
ionic contrast media. Nonionic contrast 
agents also have a low osmolality and pro-
duce fewer adverse effects. All myelogra-
phy procedures as well as procedures with 
injection of contrast agents around neu-
ral tissue are best performed with non-
ionic agents.  

Ionic Agents

The ionic compounds can be further 
subdivided into: 
I.     High osmolality 
II.   Low osmolality

Monomers have one iodinated ben-
zene ring, while dimers have two iodinat-
ed benzene rings. 

GUIDELINES FOR THE USE OF 
CONTRAST MEDIUM

Interventional pain physicians must 
obtain an informed consent for use of 
contrast agents prior to the procedure. 

The patient must be made aware of the 
benefits and risk of using a contrast agent.  
Fluoroscopy is indispensable for accu-
rate needle localization and confirming 
spread of opaque contrast before inject-
ing steroids, local anesthetics or neuro-
lytic agents. They are also useful for de-
lineating anatomy as in the spinal canal, 
facet joints, and sacroiliac joints.  They are 
also useful for confirming position of epi-
dural catheters and to rule out subdural or 
subarachnoid placement. Although, inter-
ventional pain physicians do not perform 
myelography, one must be aware of inad-
vertent intrathecal or intravascular ad-
ministration of contrast dye. 

Some practical considerations when 
using contrast agents –
• Make sure the syringe containing the 

contrast agent is labeled. In case of 
a doubt, you may place the syringe 
under the fluoroscope and identify 
it by the contrast (assuming there is 

Type  Generic name  Trade name

Non-ionic  Iohexol   Omnipaque
   Iopamidol  Isovue
   Ioversol   Optiray
   Iodixanol   Visipaque

Ionic   Ioxaglate   Hexabrix

Table 1. Commonly used low osmolar contrast agents

Fig 1.  Chemical structure of Iohexol (brand name: Omnipaque), a nonionic contrast agent. The basic structure consists 
of a benzene ring with iodine atoms attached at the 2,4, and 6 positions. Addition of a COOH group makes it a salt. 
Non-ionic contrast agents have a fully substituted benzene ring. Agents that possess fewer carboxyl groups and evenly 
distributed hydroxyl groups are less neurotoxic 

Fig 2. Chemical structure of Diatrizoate (brand names: e.g. Angiografin, Hypaque, Renografin, Urografin, Urovison), 
an ionic contrast agent. 
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only one contrast agent being used). 
• A detailed history of allergies or 

previous administrations of contrast 
agents must be elicited prior to the 
procedure.  A history of allergic 
reaction to iodine containing foods 
such as seafood is a contraindication 
to using contrast dyes.

• Contrast agents containing low 
concentrations of iodine appear safe 
with good imaging characteristics. 
These include contrast media 
containing iodine concentrations 
from 200mg/ml (Isovue200) to 
300mg/ml (Isovue250, Isovue300, 
Omnipaque300, Optiray300, 
Oxilan300, Ultravist300). The 
recommended limit for iodine is 3 
gm per day. 

• Dilutions of up to 25% generally still 
produce good resolution for most 
procedures. The contrast agent may 
be diluted using normal saline. 

• Store and use only non-ionic 
contrast agents in your facility. There 
is a substantial margin of safety with 
the use of non-ionic contrast agents. 

• Ionic contrast agents have a higher 
incidence of neurotoxicity in the 
central nervous system (4). They 
can be used for peripheral nerves 
as in plexus blocks – however safety 
is optimized if there are no ionic 
contrast agents available in the pain 
procedure suite (if ionic contrast 
agents are not available then no ionic 
contrast agents could be mistakenly 
administered intrathecally).

• Metformin should be temporarily 
discontinued in patients undergoing 
procedures with IV contrast 
agents because it may result in 
acute alteration of renal function. 
Metformin is primarily excreted by 
the kidneys and any compromise 
of the renal function may result in 
higher levels of metformin with a 
risk of developing lactic acidosis. 

ADVERSE REACTIONS

There is no accurate way to predict 
an adverse reaction. Some of the reactions 
can be attributed to allergic reactions (4) 
and some may be related to the chemical 
property of the agent, such as hyperos-
molality or to chemotoxicity of the con-
trast agent. The toxicity can be classified 
as Chemotoxicity, Osmotoxicity and Ion 
toxicity. 

Chemotoxicity refers to the molecu-
lar structure that binds to proteins and in-
teracts with enzymes, cell membranes, cell 
compounds. Chemotoxic reactions may 
be related to osmotoxic side effects. They 
include cardiac effects such as arrhyth-
mias, electrocardiogram changes and car-
diac depression.  Neurotoxicity to the spi-
nal cord was first reported with the use of 
acetrizoate in high concentrations.  Water-
soluble angiographic contrast agents are 
more likely to cause damage to the spinal 
cord. There is a higher likelihood of dam-
age to the spinal cord when the contrast 
agent is concentrated to the spinal cord as 
in inadvertent intrathecal administration, 
epidurogrpahy or transforaminal admin-
istration. Intracerebral or subarachnoid 
injection of either hypertonic or hypoton-
ic non-ionic contrast agents in rats caused 
depression of the central nervous system. 
Procaine, Low Molecular Weight Dextran, 
20% dextrose, and hypothermia may exert 
a protective effect against potential central 
nervous damage.

Osmotoxicity is related to the hy-
perosmolar nature of the contrast me-
dia. There is a significant difference in os-
molality between the ionic and nonionic 
contrast media. Ionic contrast agents have 
a higher osmolality (600-2400 mOsm/kg 
H

2
O) compared to serum (300 mOsm/

kg H
2
O)
Ion toxicity is the adverse reaction as 

a result of too high or too low ion concen-
tration that interferes with cell function.

Adverse reactions to contrast agents 
can vary from mild to life threatening (6, 
7). Most adverse effects are mild to mod-
erate and do not require any treatment. 
The incidence of adverse effects is 5% to 
12% in patients who receive ionic contrast 
agent. Some of the common reactions 
seen due to hyperosmolality are, pain on 
injection, sensation of warmth, vasodila-
tation (8). Hyperosmolality of the agent 
if it is high may also alter red blood cell 
plasticity and cause erythrocyte aggrega-
tion (9). High osmolality agents may pro-
mote sickling in patients who are homo-
zygous for sickle cell disease.  Additionally, 
high osmolality agents may cause damage 
to the vascular endothelium leading to re-
lease of endogenous vasoactive substanc-
es such as prostaglandins, kallikreins, and 
bradykinin (10). 

The most frequently reported ad-
verse reactions (11) to contrast media are 
headache, nausea, vomiting and musculo-
skeletal pain. These reactions usually oc-

cur 1 to 10 hours after injection and are 
mild to moderate in degree and will dis-
appear in 24 hours. The headache after 
an intrathecal injection may persist for 
several days and is more common in pa-
tients not optimally hydrated. Backache, 
neck stiffness, numbness and paresthesias, 
leg or sciatic-type pain occurred less fre-
quently, often in the form of a transient 
exacerbation of preexisting symptomatol-
ogy.  Other less frequent symptoms re-
ported include facial neuralgia, tinnitus, 
sweating, and seizures. Peripheral neurop-
athies have been rare and transitory. They 
include sensory and/or motor or nerve 
root disturbances, myelitis, persistent leg 
muscle pain or weakness, or sixth nerve 
palsy or cauda equina syndrome. Muscle 
cramps, fasciculations or myoclonus, ‘spi-
nal convulsions’, paralysis, or spasticity are 
unusual but can occur.

The use of contrast agents is asso-
ciated with acute renal dysfunction (12, 
13) especially with high osmolar ion-
ized agents. The frequency of renal dis-
turbance is especially high with pre exist-
ing azotemia, diabetes mellitus or elevated 
serum creatinine. Patients over the age of 
65 years, with multiple myeloma, hyper-
tension or hyperuricemia are at increased 
risk for developing nephrotoxicity.

Contrast agents, regardless of their 
ionic and osmolality differences, in the 
presence of x-ray irradiation, may cause 
chromosome aberrations.

Most contrast agents are relative-
ly hyperosmolar. When agents of high 
osmolality are administered it causes a 

Mild to Moderate symptoms
Nausea, vomiting
Flushing, heat sensation
Sneezing, shivering
Chest pain
Facial swelling, edema
Abdominal pain
Pain at injection site
Urticaria
Hoarseness, coughing

Severe symptoms
Dyspnea
Hypotension
Loss of consciousness
Paresthesias
Convulsions
Tissue necrosis
Cardiac arrest
Paralysis

Table 2. Symptoms of reactions to 
contrast agents
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net movement of water across cell mem-
branes, which is known as osmotoxicity. 
To quantify osmotoxicity, a ratio between 
the imaging effects and osmotic effect of 
the contrast medium is used. The high-
er the ratio, the lower is the osmotoxic-
ity. The number of iodine atoms present 
corresponds to the imaging effect. The os-
motic effect relates to the number of par-
ticles present in an ideal solution. Low os-
molar agents (ratio 3 to 6) are associated 
with lower neurotoxicity and preferred 
when used near nerve roots, major plex-
us or near the spinal cord. They are also 
associated with lower anaphylactoid reac-
tions. Hence, nonionic, low osmolar con-
trast agents are preferred because of their 
hydrophilic nature; have low osmolality 
making them less osmotoxic. 

Precautions
Pretesting patients with small in-

tradermal dose or subcutaneous injec-
tions, will not predict adverse reactions. 
Premedication with antihistamines, anti-
cholinergics and diazepam is less effective 
than with corticosteroids (14). Pretesting 
cannot be relied upon to predict severe re-
actions and may itself be hazardous for 
the patient.

Intrathecal administration of corti-
costeroids in combination with contrast 
agent is contraindicated. Use of medica-
tions that may lower the seizure thresh-
old (phenothiazine derivates including 
those used for antihistamine properties; 
tricyclic antidepressants; MAO inhibi-
tors; CNS stimulants; analeptics; antipsy-
chotic agents) should be carefully evaluat-
ed. Caution should be used when admin-
istering contrast media to patients with 
increased intracranial pressure, history of 
convulsive disorder, severe cardiovascu-
lar disorder, chronic alcoholism, multiple 
sclerosis and elderly patients. Particular 
attention must be given to the state of hy-
dration, concentration of medium, dose, 
and technique used in these patients.

Preparatory dehydration is danger-
ous and may contribute to acute renal 
failure in patients with advanced vascular 
disease, diabetic patients and in suscepti-
ble nondiabetic patients e.g. elderly with 
preexisting renal disease. Patients should 
be well hydrated prior to and following 
contrast media administration.  Patients 
at increased risk include those with a his-
tory of a previous reaction to a contrast 
medium, patients with a known sensitiv-
ity to iodine per se, and patients with a 

known clinical hypersensitivity (bronchi-
al asthma, hay fever, and food allergies). 
Additionally, especially if one is utilizing 
a large contrast load in a patient at high 
risk of nephrotoxicity from contrast (e.g. 
diabetic patients with pre-existing diabet-
ic nephropathy). Strategies to protect re-
nal function (15) should be considered in-
cluding: bicarbonate infusion therapy, N-
acetyl cysteine (Mucomyst) therapy, and /
or theophylline.

PROPHYLACTIC TREATMENT TO 
AVOID REACTION IN PATIENTS AT RISK

The general approach to manag-
ing a reaction can be summarized as the 
four Hs:

1. History – it must take into consid-
eration any contraindications to contrast 
agents as in patients with allergic reac-
tions to shellfish or diary products. Oth-
er risk factors are renal disease, significant 
cardiac disease, emotional state, parapro-
teinemias such as Multiple Myeloma. Di-
abetics on Metformin are at particular 
risk. Patients with hepatic dysfunction, 
renal dysfunction, alcohol abuse or se-
vere congestive heart failure taking Met-
formin should not be administered con-
trast agents. There is a risk of precipitat-
ing lactic acidosis. 

2. Hydration – it is important for pa-
tients to be well hydrated prior and after 
administration of the IV contrast agent. 
This is particularly important in patients 
prone to developing renal dysfunction. 

3. Have expertise and equipment 
ready – be prepared to handle any serious 
adverse effect. This includes resuscitation 
equipment, drugs and trained personnel 
should be readily available. 

4. Heads up – evaluate patients’ gen-
eral condition, be aware of any specific 
contraindications and respond promptly 
to the first sign of a reaction. 

Prophylactic treatment in patients 
at risk for developing a reaction may be 
instituted. However, despite prophylactic 
therapy be aware that some reactions, al-
though usually less catastrophic in nature 
- may occur. According to the Lasser (13, 
14) approach, administer corticosteroid 
prior to using ionic contrast agents. Some 
of the recommendations are:
1. Corticosteroid and antihistamine 

combination – prednisone 50mg 
by mouth at 13 hours, 7 hours and 
1 hour before contrast medium 
injection, with diphenhydramine 
(Benadryl) 50 mg intravenously, 

intramuscularly or by mouth 1 hour 
prior to the contrast agent.

2. Corticosteroid alone – 
Methylprednisolone 32mg by mouth 
at 12 hours and 2 hours prior to 
administering the contrast agent.

CONCLUSION

The choice of which contrast agent 
to use is left to the individual pain physi-
cian. It is important that he or she have a 
thorough understanding of the character-
istics of various contrast agents. They are 
invaluable as a tool in interventional pain 
practice and have vastly improved out-
comes and satisfaction from procedures.  
The newer agents have a higher safety 
profile. It is important that pain physi-
cians understand and recognize any po-
tential adverse reactions and be prepared 
to manage them.
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