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A B S T R A C T   

Purpose: Covid-19 related lockdowns have resulted in a shortage of iodinated contrast media (ICM) in 2022. 
Health care providers have reacted with implementing conservation strategies to stay operational without 
compromising patient care. Although articles describing the implemented Interventions have been published, 
possible chances of the shortage have not yet been mentioned in the literature. 
Methods: We conducted a literature search in PubMed and Google Scholar, and analysed the background, in-
terventions, and possible benefits of low-dose ICM regimens. 
Results: We included 22 articles dealing with “ICM shortage” for the analysis. The delivery bottlenecks in the USA 
and Australia led to two different countermeasures, 1. reduction of the number of contrast-enhanced image- 
guided examinations and 2. reduction of the (single) ICM dose. Interventions from both groups have resulted in 
significant reduction of ICM usage; however, group 1 has contributed more to overall ICM reduction. As benefit 
of the ICM reduction, we revealed an increased safety for patients at risk (e.g. hypersensitivity reactions, 
contrast-induced acute kidney injury, thyroid toxic effects). 
Conclusion: The ICM shortage of 2022 has forced health care providers to implement conservation strategies to 
stay operational. Although there were already proposals for dose reduction before the corona pandemic and the 
associated supply bottlenecks, this situation led to the use of a reduced amount of contrast agent on a large scale. 
This presents a good opportunity to reconsider protocols and the use of contrast-enhanced imaging in general for 
future practice as it offers chances and advantages regarding costs, environmental impact, and patient safety.   

1. Introduction 

Currently, iodinated contrast media (ICMs) are the most common 
applied drugs. A broad range of different contrast-enhanced examina-
tions in radiology (e.g. computed tomography, angiography) as well as 
in cardiology, gastrointestinal and vascular surgery and urology are 
performed with ICMs. Moreover, the number of radiological examina-
tions is continuing to rise [1]. It is estimated that the amount of contrast 
enhanced CT examinations in the United States of America is approxi-
mately 120 million doses each year [2]; worldwide several 100 million 
doses are applied every year [3]. 

Due to their important role, it is clear, that a shortage of ICMs is a 
problematic scenario. Early in 2022, the first paper dealing with a 

shortage of iohexol was published [4]. Iohexol is a non-ionic monomer 
and makes up 50% of the ICM market in the USA and more than 75% of 
the market in Australia [5,6]. During the following months, the problem 
continued to exist, and several other papers on the shortage were pub-
lished [5,7,8]. 

While the current ICM shortage causes challenges for healthcare- 
providers around the world, it also offers an opportunity to reconsider 
usage of ICM in diagnostic as well as in interventional radiology. The 
recent shortage is not the first one for contrast media in general [9] and 
possibly will not be the last. Although many review articles concerning 
the shortage of contrast media have been published [5,9], there are still 
several questions open. The goal of this narrative review is to give a 
comprehensive overview of the present shortage including the 
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measurements to manage it, as well as to point out potential opportu-
nities a reduced ICM usage could offer. 

2. Material and methods 

2.1. Search strategy and paper selection 

We conducted a literature search using the online databases PubMed 
and Google Scholar. All papers published until February 2023 were 
included in the search. Google Scholar search was limited to title search. 
The following search terms were used, “contrast media” OR “contrast 
medium” AND “shortage”. 

In addition, we searched articles that deal with CM (contrast media) 
low-dose regimens and its advantages. Some papers come from other 
sources (e.g. references to PubMed publications). Moreover, we also 
searched for relevant information with the help of google (https://www. 
google.ch). 

2.2. Eligibility criteria 

Articles investigating the management of the current contrast media 
shortage were included. Excluded were articles that did not consider 
contrast media or where contrast media were not the focus. Articles that 
did not consider contrast media shortage or were focusing on shortage of 
other goods as well as articles that did not target contrast media 
reduction were excluded. News articles, editorials, letters and citations 
were also left out. 

3. Results 

3.1. Paper selection 

We excluded 96 of 118 identified papers (Fig. 1). The remaining 22 
papers [4–25] served as basis for the following analysis, and contain a 
variety of different study types such as retrospective studies (n = 4), 
clinical perspectives (n = 3), special reports (n = 2), review articles (n =
5; including two narrative reviews), and others (n = 8). All articles are 
either published in the USA (n = 17) or in Australia (n = 5). Nineteen 
articles have been published in 2022 and three in 2023. In 17 articles, 
we found the lockdown in a General Electric Health care (GE) produc-
tion facility in Shanghai as reason for the current shortage, while five 
other articles do not mention a reason. 

3.2. Affected contrast media and countries 

All 22 included articles outline ICMs as primarily affected sub-
stances. GE first informed their customers in April 2022 about a shortage 
of Omnipaque® (iohexol) affected by the lockdown in Shanghai [10]. 
Shortly afterwards, several other ICMs such as iodixanol (Visipaque®, 
GE), iopamidol (Isovue®, Bracco Diagnostics), iopromide (Ultravist®, 
Bayer HealthCare) and ioversol (Optiray®, Guerbet) were reported short 
in supply [4]. These and more products faced a sudden rise in demand 
that could not be met on short term causing a chain reaction as many 
institutions tried to increase their inventories with alternative contrast 
agents [4]. In the United States, GEs Omnipaque® and Visipaque® make 
up more than 50% of the ICM market share. While Bracco Diagnostics 
Isovue® is responsible for another 45%, less than 5% are covered by 
other suppliers [26]. Bracco Diagnostics, Bayer and Guerbet all reported 
that they were not able to scale up production to meet the raised demand 
for ICM [6]. 

In May 2022, a GE representative said that there could also be supply 
bottlenecks in Europe (e.g. Germany) [27]. This scenario did not occur. 

3.3. History of the ICM-shortage 

Many health facilities operate on a just in time basis and therefore 
only have a few weeks of supply in stock [11]. As of July 2022, GE 
published a press release announcing its Shanghai facility is operating at 
full capacity again but a reduced availability is expected for some time 
[28]. 

As most health institutions were not prepared for a shortage of ICM, 
measurements had to be taken to stay operational. All of it while 
maintaining high-quality patient care. In response the American Journal 
of Radiology published a statement on how health care providers may 
face the crisis [12]. The Royal Australian and New Zealand College of 
Radiologists as well as authors from Yale have published further guid-
ance on how to preserve ICM [4]. Following the persisting shortage, 
more publications discussing this issue have been released [5–25]. 

3.4. Strategies to solve the problem 

In May 2022, the American College of Radiology (ACR) issued a 
statement with guidance on how to address the shortage [12]. In eight 
articles this guidance was considered [5,7,9,16,18,20,21,25], while two 
articles considered ICM conservation techniques of Yale School of 
Medicine [4,5]. We can discriminate two main strategies: 1) Reduction 
of the number of contrast-enhanced image-guided examinations and/or 
2) reduction of the (single) ICM dose (Fig. 2). 

3.4.1. Reduction of contrast enhanced image-guided examinations 
Different interventions can result in a reduction of CECT (Fig. 2). The 

committee consists of an interprofessional team and has to oversee ICM 
supply and usage within an institution to improve triage, for example by 
reducing the number of CECT by requiring approval of a radiologist or a 
radiology registrar before performing a scan or by only allowing re-
ferrals from experienced doctors [5,7]. 

Eibschutz et al. mentioned that launching an institution-wide com-
mittee is critical to establish a common approach of all departments 
involved [9]. The committee should overlook CM use and availability 
within an organization to create plans for CM reduction by interpro-
fessional communication [6,9,20]. Many indications allow the use of 
alternative imaging techniques/modalities such as non-contrast- 
enhanced CT (NECT), MRI, ultrasound with or without contrast agents 
and nuclear medicine scanning methods. The availability and capacity 
of alternative imaging modalities is essential. 

Improving triage to CECT can be achieved by changing guidelines 
and for example require senior doctors to approve CECT orders or have 
radiologists or radiology registrars approval [5]. Moreover, improved 
triage can also be achieved by simply using digital alerts to remind Fig. 1. Paper selection flow diagram.  
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referrers of the tightness of ICM when ordering an examination [16]. 
Deferment of diagnostic imaging should whenever possible be avoided. 

3.4.2. Reduction of ICM dose 
The ICM volume per examination can be reduced by lowering tube 

voltage or weight-based dosing [7,9]. While in many institutions CT 
scanners have been modernized, from single-energy CT to dual-energy 
CT for example, protocols often have not been adapted [5]. With 
lower tube voltage ICM volume can be reduced by up to 66% [10]. The 
use of lower tube voltage results in increased image noise [29]. However 
newer CT scanners with higher tube current capacities and iterative 
image reconstruction software are able to reduce image noise [29]. In CT 
angiography (CTA) for example this allows a reduction of contrast media 
of up to 50% (140 instead of 280 mgI/kg body weight, for example) 
[30]. Amukotuwa et. al. reported a reduction from 75 ml to 50 ml of ICM 
for CT pulmonary angiogram and brain and neck CT angiography and 
from 60 ml to 40 ml in brain CT perfusion, all of it while not compro-
mising diagnostic image quality [5]. The optimal injection protocol 
varies depending on the type of examination. De Cecco et al. were able 
to lower contrast media dose to 15 ml with 70 kV for the ascending aorta 
while still reaching diagnostic enhancement of 350 Hounsfield Units 
[31]. 

Optimizing the amount of waste is another approach. This means we 
can reduce waste either by using smaller vials per examination or by 
splitting single vials into multiple doses if the necessary precautions can 
be taken [4,6–8,10,11,15,18,20,22,23,25]. 

3.5. Effectiveness 

Of 22 articles analyzed, 12 provide outcomes regarding the effec-
tiveness. Depending on composition of the interventions and the period 
analysed, the reduction of CECTs performed was between 12% [16] and 
85% [5]. A reduction of 12% was achieved by implementing an EHR 
alarm system [16]. Reduction of ICM volume used per examination was 
between 16% and 93% [5] depending on type of examination. Overall 
reduction of the ICM usage in the analysed articles ranges between 50% 
[23] and 80% [25] (see in Table 1). 

Five articles state that the reduction of the number of CECTs per-
formed contributes more to the overall result than volume reduction 
does [7,13,14,20,23]. 

3.6. Low-dose CM regimens before the shortage occurred 

Reduced ICM doses were already proposed for various image-guided 
examinations before the current supply shortage. Reason for this mea-
sure is the improved safety of contrast agent use in various patients at 
risk such as contrast-induced acute kidney injury (CI-AKI), renal 
dysfunction, or allergies to contrast agents [32]. For example, the use of 
lower tube voltage in combination with iterative imaging reconstruction 
and lowering contrast dose with dual-energy CT as mentioned above has 
been proposed [29]. Other strategies to save ICMs are injection of 
diluted iodinated contrast, the use of alternative contrast agents or 

Fig. 2. Summary of possible interventions according to analysed articles [4–25]. The first authors of the papers are mentioned.  

Table 1 
Summary of the effect of the specific interventions as presented in the literature. 
We distinguish between reduced dose per examination, reduced number of ex-
aminations and the total reduction from these two parameters.  

First author (year) 
[ref] 

Reduced CM 
dose 

Reduced 
examination 
frequency 

Total ICM 
reduction 

Forouzandeh F et al. 
2022 [15]   

46% 

Allen L et al. 2022  
[8]   

50% 

Salazar G et al. 2022  
[20]   

50% 

Barreto I et al. 2022  
[10] 

66% 34%  

Amukotuwa SA et al. 
2022 [5] 

93% 85%  

Amukotuwa SA et al. 
2022 [7] 

16% 59% 65% 

Amukotuwa SA et al. 
2022 [13] 

16% 61% 67% 

Bammer R et al. 2022 
[21] 

88% 75% 72% 

Davenport MS et al. 
2022 [14] 

25% 78% 83% 

Gopireddy DR et al. 
2023 [25]   

80% 

Rosander A et al. 
2023 [23]  

43% 50% 

Glazer D et al. 2023  
[16]  

12%   
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intravascular ultrasound guidance in percutaneous coronary in-
terventions [32,33]. A more practical approach for cardiac catheteri-
zation for example is careful review of patients records in order to 
reduce the volume and frequency of “puffs of contrast”, use of smaller 
catheters, use of contrast-saving devices as well as modern imaging 
devices [34]. 

3.7. Benefits of low-dose ICM usage 

The reduction of use of ICM and the adjustment of CECT guidelines 
as well as number of CECT performed overall with the described in-
terventions leads to less exposure of iodine and radiation [7]. As an 
example, reducing the peak kilovoltage can decrease the radiation dose 
by up to 66% [4]. 

The use of ICM comes with potential adverse effects [35–39]. The 
risk for contrast-induced acute kidney injury (CI-AKI) depends on 
background risk factors, such as pre-existing renal diseases, and type and 
dose of contrast medium used and ranges from 0% to 24% [35]. The 
amount of contrast medium used correlates with the risk of CI-AKI and is 
higher in the presence of other risk factors (congestive heart failure, 
nephrotoxic drugs, diabetes, anaemia, age, etc.) [36]. 

Allergic type reactions caused by non-ionic ICM are uncommon 
(0,6%) [40]. Non-allergy (allergic-like) reactions are a bit more common 
with 0,16%-7,7% [41]. The differentiation of allergic or non-allergic 
reactions often lacks proper diagnosis and is therefore discussed [37]. 
Some authors explain a reaction without primary sensitization with a 
cross-reactivity [42]. It has only been known for a few years that ICMs 
pollute the environment and get into the groundwater. What signifi-
cance this has for humans and nature is largely unknown so far. It is 
possible that the ingestion of small amounts of ICM via drinking water 
may lead to silent sensitization in humans [43]. If patients with silent 
sensitization receive an ICM for the first time in their lives, they might 
unexpectedly react with an allergic reaction. Park et. al. have shown in 
their study that a reduction in dose and injection speed has led to a lower 
rate of acute hypersensitivity reactions [44]. 

Besides primary sensitization, increasing ICM pollution in source and 
tap water may have additional effects on human health, as evidence 
indicates that ICM transformation products are toxic [45]. In a study 
performed in Jiangsu province, China Cheng et. al. found ICM concen-
tration in source water to range from 14.2 to 138 ng/L while studies 
from other countries reported even higher concentrations ranging from 
4.9 to 305 ng/L [46]. Taking measures to reduce ICM usage in general 
leads to less of it in wastewater and therefore in ground and drinking 
water. 

The iodine content of ICMs can lead to thyroid gland problems 
including thyroid toxic crisis. Patients suffering from hyperthyroidism 
are at increased risk [47]. Other groups at risk are patients with multi-
nodular goitre or thyroid autonomy, in particular if they are elderly 
[47]. Patients with manifest hyperthyroidisms should not receive ICM at 
all, while patients undergoing radioactive iodine treatment should not 
receive ICM for two months before the treatment [47]. Dependent on 
recommendations of different medical societies including the World 
Health Organization (WHO), the daily iodine intake is set at about 150 
μg per day in adults [48]. ICMs contain approximately 13,500 μg of free 
iodine and 15–60 g of bound iodine [47,49]. Rhee et. al. found a sig-
nificant association between incident hyperthyroidism and ICM expo-
sure [49]. The authors concluded that less iodine is safer. 

Pregnant and breastfeeding women are a vulnerable group of pa-
tients. The use of ICM is subject to a very strict indication, i.e. only if the 
mother’s life is vitally threatened the injection of an ICM is allowed [50]. 
In other words, contrast-enhanced image-guided examinations are rare 
in this group. If an examination with ICM is mandatory, the use of a low- 
dose protocol would be an advantage for the foetus or the new-born 
baby. Iodine is essential for foetal brain development and can be dis-
rupted by ICM examinations in pregnant women [51]. The body reacts 
to elevated levels of iodine by inhibiting thyroid hormone synthesis and 

therefore prevent hyperthyroidism, a phenomenon called Wolff- 
Chaikoff [52]. This effect applies both to the foetal and the maternal 
thyroid gland [51]. Van Welie et. al. found that the use of ICM prior or 
during pregnancy leads to potential higher risk of thyroid dysfunction in 
offspring [51]. 

Reducing the number of CECTs and implementing more effective 
guidelines leads also to direct cost saving and reduces scan turn-around 
time and length of stay which results in reduced indirect costs [7]. 

4. Discussion 

The supply shortages of contrast media of 2021/22 were or are a 
challenge for radiology. The largest producer of ICM worldwide is GE 
who operates its main production facility for iohexol (Omnipaque®) in 
Shanghai [7]. The closure of the facility in the context of Covid-19 
pandemic lockdowns has caused a worldwide disruption of ICM sup-
ply. Despite the global interconnectedness of the economy, it was mainly 
the USA and Australia that were affected. Why the European market 
was/is not affected could not be clarified based on the literature. For 
Europe (Germany), there were fears that there could be a supply 
bottleneck for contrast media [27]. Since this scenario did not occur, the 
production capacities were sufficient to prevent this bottleneck. 

Initially, iohexol was affected from the shortage. To compensate for 
the supply bottlenecks of this ICM, other available contrast media were 
ordered. This in turn resulted in supply shortages of iodixanol, iopami-
dol, iopromide and ioversol as well, because production capacities could 
not be increased at short notice [4]. 

In response to the current ICM crisis, the American College of 
Radiology (ACR) as well as many authors have published recommen-
dations on how to address this emergency [4–25]. 

In this review, we found that the measurements mentioned can be 
discriminated into two groups: 1) reduction of the number of contrast- 
enhanced image-guided examinations and/or 2) reduction of ICM 
dose. Although both groups have resulted in significant reduction of 
overall ICM use, reducing the number of contrast-enhanced image- 
guided examinations, with alternative imaging for example, has proven 
to have a higher impact on overall ICM use [13]. The reduction achieved 
in the analysed articles ranges between 50% [23] and 80% [25]. 

Moreover, even before the shortage of 2022, there were efforts to 
reduce the number of CECTs [53] or to reduce the dosage of the contrast 
medium [54]. Although the article by Eibschutz et al. [9] is entitled 
“How low can we go?”, the publication does not address this issue. In 
other words, we do not learn how low one can reduce the contrast agent 
dose in order to still get high-quality imaging. Other publications do also 
not address this question [4,6,11,12,17–19,22,24]. Therefore, preclini-
cal and clinical studies are necessary to answer this question. Possibly, 
artificial intelligence (AI) could also offer a solution [55]. 

Adjusted ICM usage and thus a reduction of dependence in future 
shortages also has positive effects on patient safety. Therefore, the 
application of a reduced dose of contrast agent or the reduced perfor-
mance of CECTs harbors the chances of a lower frequency / severity of 
adverse drug reactions (Table 2). With lower tube voltage, patients are 

Table 2 
Summary of chances of low-dose contrast applications.  

Category Effect(s) 

Radiation dose Reduced when a lower tube voltage is 
used 

CI-AKI The lower the ICM-dose used, the 
lower the frequency 

Hypersensitivity reactions Frequency decreases 
ICM-induced thyroid disturbance 

(including thyrotoxicosis) 
In patients at risk less frequent 

Pregnant and breastfeeding women Decreased risk for the foetus or the 
baby 

Contamination of drinking- / groundwater Less pronounced  
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exposed to a lesser radiation dose. In addition, the risk of contrast- 
induced acute kidney injury (CI-AKI) is reduced by lower doses. Pa-
tients with pre-existing risk factors such as renal insufficiency, conges-
tive heart failure, drugs, anaemia, diabetes or old age benefit in 
particular from reducing doses and alternative imaging modalities. 
Another complication that can be reduced is the allergic-type reaction 
and the allergic-like hypersensitivity reactions, the occurrence of which 
can also be reduced by lower doses. More than 35 years ago, in a small 
patient group low-dose CT (i.e. myelography) has been performed [56]. 
Even under this pilot-project-condition, the authors recognized 
remarkably few adverse effects. 

A possible sensitization with ICM containing drinking water would 
also be less likely as the portion of ICM in drinking water decreases with 
lower amounts used. Patients with pre-existing thyroid dysfunction are 
at increased risk for contrast medium-induced thyrotoxicosis or should 
not receive ICM at all. Overall, patients can benefit from fewer ICM 
examinations and fewer ICM used per examination. However, all these 
reductions must be made under strict monitoring of patient safety, 
outcome, and long-term effects. 

The number of publications on this topic limits this review. Most 
articles deal with short-term effects of the current ICM shortage and 
have therefore been discussing short-term measurements to deal with 
the problem. Only 12 out of the 22 articles present specific and quan-
tifiable results as shown in Table 1 [5,7,8,10,13–16,20,21,23,25]. 
Although nine articles mention the potential long-term benefits the in-
sights and knowledge gained through the current crisis offers, more 
studies are needed to assess the long-term patient outcomes 
[4,7,9,10,15,18,19,21,23]. Therefore, it is necessary to conduct further 
studies of higher quality to research the effectiveness and patient safety 
of the proposed measures as well as to research possible alternative 
measures to reduce contrast media use in the future. 

Although there are many reviews dealing with shortage of contrast 
media [5,9,23–25], several questions remain unanswered. The articles 
published, primarily deal with short-term management of the crisis or 
derive measures for future ICM shortage management, primarily from 
procurement policy [9]. Compared to the other articles (including re-
views) [4–25] our paper deals with further advantages of a general 
reduction of ICM in addition to reducing the dependency on certain 
companies/production sites during a future potential ICM shortage. The 
measures described to reduce the use of contrast media in “emergency 
operations” have shown that hospital operations would get by with less 
contrast media and that patients and the environment could benefit from 
this in addition to procurement policy. 

5. Conclusion 

The 2022 ICM shortage caused by Covid-19 related lockdowns in 
Shanghai China has forced health care providers to come up with ICM 
conservation strategies. The measurements implemented have led to a 
noticeable reduction of overall ICM use. Although supply is expected to 
go back to normal, it is a good opportunity to reconsider protocols and 
use of contrast-enhanced imaging in general to reduce ICM use as it 
lessens dependence on suppliers and benefits patients. To achieve this, 
further studies regarding patient outcomes and long-term effects are 
needed. Including all aspects, the shortage is a challenge in clinical 
radiology, but on the other side the reduced ICM use has several chances 
or advantages such as reduced costs, reduced environmental impact 
from ICMs, lower incidences of adverse events with respect to hyper-
sensitivity reactions, CI-AKI, thyroid gland problems, and increased 
safety for children, pregnant and breastfeeding women. 
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