
RISKS OF CONTRAST 
MEDIA USE

The aim of using CM is to visualize certain struc-

tures in the organism or improve their visualization 

and to obtain information on organ functions. A CM 

must have low toxicity and be safe to use since it 

is often injected at a high dose and for certain pur-

poses very quickly.

Barium sulfate 
Barium sulfate is insoluble in water and usually 

safe when administered orally or rectally for imag-

ing the intestine. While barium ions are toxic, the 

small amounts present in the suspension of the 

insoluble barium sulfate and available for intesti-

nal absorption can normally be ignored. Serious 

complications after barium examinations of the 

upper and lower GI tracts are few [79]. There are, 

however, some patients at risk in whom barium sul-

fate should not be used because of possible aspi-

ration or suspected perforation. Once barium sul-

fate enters the lungs or leaks from the stomach or 

intestine, excretion is impossible or very slow and 

persistent inflammation causes severe problems. 

Some of the most serious adverse effects after ad-

ministration of barium preparations are:

• Retention of barium in the colon for some weeks 

or longer in elderly patients or patients with par-

tial colonic obstruction

• Formation of barium fecoliths, sometimes seen 

in diverticula of the colon

• Leakage of barium into the peritoneal cavity

• Aspiration of barium into the bronchial tree

• Hypersensitivity reactions to barium prepara-

tions, caused by the additives of the barium 

preparations [80].
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Ionic contrast media
Extensive statistics are available on the 

side effects of ionic CM. The incidence of 

reactions depends on a large number of 

factors, such as the patient's general con-

dition, the kind of examination (table 15), 

the type of CM, its dose, and also the con-

ditions under which the examination is be-

ing conducted. Special attention has been 

devoted to the frequency of severe and 

fatal CM incidents. While available data (table 16) 

diverge greatly, taken together, they suggest that, 

with the ionic preparations, fatal CM incidents are 

very rare events, given the frequency of use of these 

substances.

Kind of examination No. of patients Incidence of side effects (%) No. of deaths

Urography 214,033 10,257 (4.80) 11

Cholagiography 33,778 2,676 (8.00) 2

Cerebral angiography 12,771 263 (2.06) 1

Angiocardiography 7,911 179 (2.26) 2

Aortography 24,885 665 (2.67) 1

Other angiographies 2,815 101 (3.58) 0

Venography 5,890 160 (2.72) 1

Total 302,083 14,301 (4.73) 18 (0.006 %)

Table. 15. Incidence of side effects in various CM examinations [81] using ionic CM

1 : 116,000 Pendergrass, USA 1960

1 : 85,000 Toniolo, Italy 1966

1 : 61,000 Wolfromm, France 1966

1 : 40,000 Ansell, U.K. 1970

1 : 54,000 Fischer, USA 1972

1 : 30,000 Witten, USA 1973

1 : 10,000 Shehadi, USA 1975

1 : 20,000 Shehadi, USA 1980

1 : 75,000 Hartmann, USA 1982

Table. 16. Risk of death with i.v. urography
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Nonionic contrast media
Nonionic contrast media are much better tolerated 

than ionic contrast media in many ways (table 17). 

A number of trials investigated the frequency of 

general reactions after intravenous administration 

of nonionic X-ray contrast media (table 18), some 

of them in comparison to conventional ionic X-ray 

contrast media. The available data allow general 

statements regarding the frequency of severe re-

actions but it is not possible to provide sound in-

formation on the frequency of deaths related to 

the use of nonionic contrast media. However, it is 

very likely that nonionic X-ray contrast media are 

less frequently related to fatalities or life-threat-

ening conditions (unconsciousness of the patient, 

conditions requiring an anesthetist etc.) than ionic 

contrast media (table 18).

On the other hand, it must be borne in mind that 

all of the known types of side-effects associated 

with ionic contrast media can also occur during the 

administration of nonionic contrast media. Only the 

frequency has actually changed. One must, there-

fore, always be prepared to treat contrast medium 

reactions.
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Conventional 
ionic X-ray-CM

Low osmolar ionic 
X-ray-CM

Nonionic 
X-Ray-CM

General reactions (nausea, 
vomiting, allergoid side-effects, 
some cardiovascular reactions)

Neural tolerance

Osmolality-dependent 
effects (pain, vasodilation, 
bradycardia, diuresis etc.)

Calcium binding 
(cardiodepression)

General renal tolerance, i.v.

Renal arteriography

Table. 17. Differences in tolerance between the individual types of X-ray contrast media for urography, 
angiography and CT

poorly tolerated much better tolerated no significant difference or difference not proven

Nonionic CM side-effects Ionic CM side-effects

Trial total severe/very severe total severe/very severe

Schrott [82]
50,660 cases

2.1 % 0.01 %

Palmer [83]
30,228 nonionic cases
79,278 ionic cases

1.2 % 0.02 % 3.8 % 0.09 %

Katayama [6]
168,363 nonionic cases
169,284 ionic cases

3.1 % 0.04 % 12.7 % 0.22 %

Cochran [84]
73,039 nonionic cases 
12,916 inonic cases

0.3 % 0.02 % 1.3 % 0.05 %

Table. 18. Frequency of side-effects related to i.v. injection of nonionic and ionic X-ray contrast media 
(severe/very severe reaction requires that the patient be immediately hospitalized)

Delayed reactions
Following the introduction of nonionic 

contrast media, reactions have been re-

ported which are first noticed hours or 

even days after administration.

A comparative study of iohexol and iopa-

midol was performed in 2,382 patients 

undergoing CT examinations.

Reactions delayed by up to 2 days were 

twice as common as reactions occurring 

in the first 30 minutes. Headache and 

rash were the most frequent delayed re-

actions. Although all delayed reactions 

were mild in intensity, the attending phy-

sician should inform the patient about the 

possibility of delayed reactions [85).
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A greater frequency of allergy-like delayed reac-

tions was observed for intravascular administration 

of nonionic dimeric X-ray contrast media. These 

also included rare severe events lasting for sev-

eral days and requiring therapy. The causes, risk 

factors, mechanisms of action, and the actual fre-

quency especially of severe delayed hypersensi-

tivity reactions remain unknown despite concerted 

efforts to elucidate them [86].

Causes of contrast media reactions 
Contrast medium side-effects generally cannot be 

explained by a single mechanism [87]. The type of 

contrast agent and its particular pharmacological 

properties, the examination technique employed, 

such as the magnitude of the dose and the mode 

of administration, and finally, the patient's attitude, 

such as fear, are all regarded as important contrib-

uting factors. CM side effects can be classified in 

several ways, but the most appropriate is by their 

cause.

Classification by cause:

• General or largely dose-independent CM 

reactions (anaphylaxis).

• Chemotoxic, local and cardiovascular effects, 

dose-dependent side-effects (concentration. 

volume).

General reactions (anaphylactoid 
reactions)
General or largely dose-independent CM reac-

tions range from mild reactions, such as urticaria, 

to moderately severe reactions, such as broncho-

spasm, and severe reactions, such as collapse or 

even cardiac arrest, to fatal outcome. Severe and 

fatal reactions are rare. The mortality reported 

for conventional ionic CM is one out of 10,000 to 

100,000 patients.
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These reactions may occur in any patient without 

any warning. Because of this, the attending phy-

sician must be prepared for all emergency mea-

sures, ranging from medications to artificial respi-

ration.

General CM reactions have little or nothing to do 

with the osmolality of the CM. They can occur after 

administration of very small amounts of diluted and 

even isotonic CM.

They are observed most frequently after i.v. admin-

istration, but also in arteriography and other exam-

ination procedures.

General CM reactions have been attributed to the 

following underlying mechanisms:

• Effects on plasma protein, the complement 

system, blood coagulation, and/or vascular 

endothelium

• Effects mediated by the central nervous system

• Cross-reaction of the CM with antibodies which 

were not, however, originally formed against the 

CM.

Prophylaxis of general reactions
It is now generally accepted that nonionic CM 

cause such reactions considerably less frequent-

ly than ionic CM and, in particular, less frequently 

than the low-osmolar, ionic compound meglumine 

sodium ioxaglate [88, 89].
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Even patients who have exhibited repeat and pre-

dictable reactions to the injection of ionic CM often 

tolerate nonionic CM without symptoms [90]. Pro-

phylactic effects regarding general CM reactions to 

both conventional ionic and nonionic preparations 

have been demonstrated for certain therapeutic 

regimes, e.g., oral administration of 32 mg meth-

ylprednisolone (* 2 tablets methylprednisolone, 16 

mg) 6-12 and 2 hours before the examination or 

the combined administration of H1 (** H1 blocker: 

dimethindene maleate; intravenous injection of 

0.2 mg/kg BW) and H2 blockers (***H2 blocker: 

cimetidine; intravenous injection of 5 mg/kg BW) 

[91, 92, 93]. Prophylaxis aims at reducing the fre-

quency of anaphylactoid reactions; however, it is 

not possible to fully eliminate such reactions by the 

suggested measures. It can also not be expected 

that the frequency or severity of any reactions oth-

er than anaphylactoid side effects (e.g., neural, re-

nal, most cardiovascular reactions or pain) will be 

reduced by prophylactic treatment of patients with 

corticoids or histamine receptor blockers before 

CM administration.

In patients at risk (patients with allergic and car-

diopulmonary conditions), prophylaxis with H1 and 

H2 blockers reduces the frequency of side-effects, 

even when nonionic X-ray contrast media are ad-

ministered, while patients without risk factors have 

no benefits from H1 and H2 blockers [94]. What is 

certain is that calm and assured management of 

patients and distraction of their attention during the 

examination can help to avoid side effects.
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Dose-dependent side effects
Distinctly dose-dependent side effects include 

sensations of pain and heat, some circulatory dis-

turbances, and renal impairment. These adverse 

effects are attributable to the osmolality and phar-

macological properties of the agent, and it is not 

always possible to differentiate between these two 

components. All nonionic CM have markedly lower 

osmolality than conventional ionic contrast agents, 

which is one reason why they have replaced ionic 

contrast media to a significant degree.

The advantages of nonionic CM are especially 

obvious in:

• Pain-intensive applications, since osmolality is 

the main factor determining the painfulness of a 

contrast medium.

• Angiographic examinations with high total 

dosages from a number of single injections, 

e.g., cardioangiography, femoral arteriography, 

conventional angiography of several vascular 

regions, i.v. DSA, and angioplasty.

The kidney, which eliminates the CM for several 

hours after the examination, is regarded as the 

critical organ in such examinations. Effects of the 

nonionic CM Ultravist on renal function were ex-

amined in various clinical trials. Renal function was 

not recognizably impaired in any of the patients 

examined. The cardiovascular effects of conven-

tional ionic CM are largely attributable to their high 

osmolality:

• Vasodilatation, reduction of peripheral 

resistance, and a decrease of blood pressure.

• Hypervolemia.

• Bradycardia in cardioangiography.

Nonionic CM have less of an influence on the heart 

and circulation. 
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Prophylaxis and therapy of severe 
iodine-induced hyperthyroidism
When iodinated CM are administered, a healthy thy-

roid gland can adjust to an iodide surplus in a host of 

ways without increasing hormone production.

In a diseased thyroid, these selfregulating mecha-

nisms can fail to function. In this way, a diagnostic 

or therapeutic iodine administration can result in se-

vere metabolic dysfunctions such as decompensat-

ed hyperthyroidism and thyrotoxic crisis. A special 

risk exists for goiter patients (struma) and patients 

with hyperthyroidism in general. For this reason, 

iodinated CM should not be administered before 

hyperthyroidism has been ruled out. According to 

our present state of knowledge, the risk that hyper-

thyroidism will develop is not diminished by nonionic 

CM such as Ultravist.

The risk of hyperthyroidism is exclusively deter-

mined by the iodine and/or iodide contents of the 

CM. Osmolality and possible chemically toxic prop-

erties do not play any role. The renal, water-soluble, 

ionic and nonionic X-ray CM – as a result of the way 

they are produced – contain only traces of iodide, 

and very little of the stable chemically bonded iodine 

is released in the organism. Nevertheless, even 

these small amounts can result in further functional 

deterioration of a severely damaged thyroid gland 

(e.g., with manifest hyperthyroidism).

A peculiarity of iodine-induced hyperthyroidism is 

that deterioration customarily does not occur imme-

diately but weeks or months after iodine adminis-

tration.
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If diagnostic measures make it essential to use io-

dinated CM in a patient with hyperthyroidism, com-

bined perchlorate and carbimazole (or thiamizole) 

should be given for prophylaxis. Administration of 

perchlorate (3 x 300 mg daily, from 1-2 days before 

until 1 week after CM administration) inhibits the ab-

sorption of iodide by the thyroid gland; administra-

tion of methimazole simultaneously blocks hormone 

synthesis (2 x 20 mg thiamizole daily, from 1-2 days 

before until 2-3 weeks after CM administration).

The longer retention times of biliary CM require a 

further 3 weeks of treatment with half the dose of 

thiamizole (carbimazole) [95].

Renal damage
Ionic and nonionic contrast media used in urogra-

phy, angiography and computed tomography (CT) 

are eliminated mainly via the kidneys. Isolated cas-

es of reduced kidney function including acute renal 

failure following intravenous and intra-arterial ad-

ministration have been described in the literature.

However, the risks related to intravenous adminis-

tration in patients without obvious risk factors has 

been, to some extent, exaggerated in the past. 

Systematic comparative studies [96, 97] showed 

that spontaneous changes in kidney function in pa-

tients who had received no contrast media were 

not significantly less common than in patients re-

ceiving contrast media, e.g., for CT.

Renal insufficiency

When ionic CM is administered intravenously for 

urography in patients with healthy kidneys, deteri-

oration in renal function is hardly ever observed; it 

seems to be, however, somewhat more frequent in 

those with renal insufficiency. 
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Deterioration is defined as an increase of 1 mg/dl 

in serum creatinine. Nonionic CM are well tolerat-

ed by the kidneys of patients with reduced renal 

function − e.g., after administering iopromide intra-

venously – and several trials identified no clinical-

ly relevant changes in the parameters describing 

renal tolerance: serum creatinine, creatinine clear-

ance, and urinary protein. Well-designed clinical 

studies demonstrated that natural fluctuations of 

serum creatinine occur to the same extent in pa-

tients who received no CM [98, 99, 100].

In arteriography, part of the CM can flow directly 

into the kidneys in almost undiluted form. Under 

these conditions, impairment of renal function is 

more likely, even though nonionic CM have been 

better tolerated, especially in renal arteriography, 

than ionic CM [101].

Plasmocytoma

Disturbed renal function is found in a high percent-

age of patients with multiple myeloma. Isolated 

cases of acute renal failure in myeloma patients 

following urography have been reported in the liter-

ature. Almost all of these patients presented addi-

tional risk factors prior to CM administration, such 

as severe dehydration and/or sepsis. In addition, 

almost all of these urographic examinations were 

performed decades ago with diiodinated CM. In 

more recent retrospective studies of patients with 

confirmed multiple myeloma who underwent intra-

venous urography, no temporal connection could 

be established between deterioration of renal 

function and CM administration. In the opinion of 

experts, given adequate hydration and the use of 

modern CM, plasmocytoma is no a priori contrain-

dication for CM administration.



117

Rather, more recent studies suggest that the prin-

cipal risk factors for acute renal damage in patients 

with multiple myeloma are hypercalcemia, dehy-

dration, infections, and Bence Jones proteinuria 

[102]. Patients with serum creatinine levels above 

2 mg % should not undergo urography.

Diabetes mellitus

Proteinuria and elevated serum creatinine in pa-

tients with insulin-dependent diabetes mellitus 

indicate advanced diabetic glomerular sclerosis. 

These patients are more likely to show deteriora-

tion in renal function after CM administration. As a 

rule, only severe proteinuria (300 mg/24 h) will sig-

nificantly increase the risk of acute renal failure in 

a diabetes mellitus patient. In this condition, high 

concentrations of dissolved materials contained in 

urine tend to precipitate in the presence of CM and 

may cause tubular blockage.

Prophylaxis

Patients with risk factors for reduced renal toler-

ance should not receive high intravascular doses 

of contrast media. These risk factors include

• limited renal function in conjunction with

• a long history of insulin-dependent diabetes 

mellitus,

• cardiac insufficiency,

• and advanced age.

Several alternative imaging modalities including 

ultrasound, magnetic resonance imaging, and ar-

terial digital subtraction angiography are available 

to avoid or diminish the use of X-ray contrast media 

in these patients.
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The following prophylactic measures are recom-

mended to reduce the risk of renal damage [103]:

• ensure adequate hydration by sufficient water 

intake 

• avoid multiple examinations with X-ray contrast 

media during a short period of only a few days

• discontinue medications which might impair 

renal function

A recommendation for medical prophylaxis ad-

equately confirmed by clinical studies cannot at 

present be made. A possible prophylactic effect 

is known primarily for theophylline. However, the 

optimal dose for prevention of CIN has not been 

established [104].

Pregnant patients
The use of CM during pregnancy has not yet 

been proven to be harmless although toxicologi-

cal studies in animals and clinical experience do 

not indicate any particular risk. Since exposure to 

radiation should be avoided during this period, the 

potential risks of any X-ray examination must be 

given careful consideration.

Breast-feeding mothers
Only very small proportions of renal CM and i.v. 

cholegraphic agents enter breast milk. They are 

barely reabsorbed in breast-feeding so that one 

can assume that there is no danger to the infant. 

Even with oral cholecystographic agents, exposure 

of the infant is minimal.
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Pheochromocytoma
Patients with pheochromocytoma often undergo 

X-ray examinations prior to surgery to determine 

the site, size, and number of tumors. Such exam-

inations are not totally without risk to patients. In 

angiography, especially with selective CM injec-

tion into tumor vessels, a spontaneous release of 

massive amounts of catecholamine into the blood 

stream can occur, a reaction known from other sit-

uations of stress.

This results in a hypertensive crisis. A critical drop 

in blood pressure is a much more unusual, but 

more serious incident. Angiographic procedures 

requiring selective CM administration should only 

be performed in pheochromocytoma patients after 

adequate treatment with alpha-adrenergic receptor 

blockers for a sufficient length of time (10-14 days).

Sickle-cell anemia
In sickle-cell anemia patients, some erythrocytes 

contain the abnormal hemoglobin S. If O
2
 pressure 

is lowered or blood osmolality is raised, HbS-con-

taining blood corpuscles become inelastic and 

stretched. These erythrocytes can no longer pass 

through capillaries as easily, which can lead to sta-

sis and to different forms of organ damage.

Administering high-osmolar CM to such patients is 

not without problems. The risk is highest for intra-ar-

terial CM injection, especially in high doses, as is 

the case in cerebral and cardiac arteriography. In vi-

tro studies comparing the effect of ionic and nonion-

ic CM in terms of sickle-shaped changes of eryth-

rocytes reveal that these changes are significantly 

less pronounced when nonionic CM is used [105].
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