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A broader perspective in the 
assessment of the impact of 
medical imaging
The huge increase in the number of medical imaging examinations being 
carried out has meant a corresponding increase in imaging costs in health-
care budgets. In this article the authors argue that the current perspective of 
costs should be broadened to include negative collateral and external effects 
in order to assess the true cost of medical imaging. 

Driven in part by the rapid technological 
advances in computed tomography, nuclear 
medicine and magnetic resonance [1,2], med-
ical imaging has become one of the fastest 

growing fields in medicine [3,4]. Other factors contribut-
ing to the dramatic escalation in the demand for advanced 
imaging [1,5,6] include favorable reimbursement and 
expanded access to the technologies themselves [7]. These 
factors have all contributed towards dramatic increases in 
overall imaging costs, which are now estimated to exceed 
$100 billion per year in the United States[2]. 

Because of this substantial rise in expenditure there 
is an urgent need to evaluate imaging costs in medi-
cal decision-making processes more critically and to 
develop new methods that facilitate the cost-effective 
utilization of these new imaging modalities [8–10]. This 
is particularly true for cardiovascular applications which 
represent a substantial proportion of the total diagnostic 

and interventional imaging examinations. For example 
in the USA, as reported by Mettler et al., cardiovas-
cular exams account for 57% of all nuclear medicine 
procedures and for 27% of all interventional and car-
diac catheterization procedures [11].  Imaging costs for 
cardiovascular stress tests vary substantially depending 
on imaging modality,  with a stress CMR costing up to 
three-times more than stress echo[12].  In addition, car-
diovascular imaging studies lead to considerable expo-
sure to ionizing radiation with the equivalent dose of 
750 chest x-rays being used in a myocardial perfusion 
scintigraphy and the equivalent dose of 100 to 5,000 
chest x-rays in a coronary intervention, a cardiac radio-
frequency ablation or a coronary CT. Such  exposure 
potentially increases the likelihood of deleterious effects, 
particularly cancer — even  years after the original 
exposure. These result in not only additional harm, but 
also additional economic cost. Furthermore, radiation 
waste from imaging studies also impacts the natural 
environment thereby further raising economic costs in 
the long run.

Therefore, when considering the overall cost of health-
care imaging, a relevant question is “What costs should be 
considered”? It is crucial to broaden the current perspec-
tive of costs and thus include negative collateral effects 
of imaging that cause harm to the patient and negative 
externalities of medical imaging equipment and the waste 
products of imaging, in order to assess the “true costs” of 
medical imaging [13].  

A BROADER PERSPECTIVE

A comprehensive view of the assessment of the cost of 
medical imaging requires consideration of factors that 
affect human health, as well as the natural environment. 

In addition to the commonly recognized imaging out-
comes such as diagnostic efficacy and effectiveness and 
the direct and indirect costs of medical examinations 
(equipment, personnel, consumables, energy supply, over-
head, patient transportation, lost working days, etc.), it is 
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worth mentioning the direct impact of 
imaging on human health (negative col-
lateral) and on the environment (nega-
tive externalities)[14]. In particular:

• Negative collateral refers to the 
short- and long-term effect of the imag-
ing test in patients.  Potential negative 
consequences include complications  
that may be acute (e.g., ventricular fibril-
lation during dobutamine stress test-
ing), subacute (e.g., contrast-induced 
nephropathy a few days following coro-
nary invasive angiography or CT with 
contrast), or long-term (e.g.  cancer or 
atherosclerosis due to ionizing radia-
tion). Out of these, negative collateral 
long-term effects are probably the least 
well known and the least well incorpo-
rated in the daily care decision-making 
by physicians.[15] Minimization of radi-
ation exposure is not only highly recom-
mended but is alos becoming increas-
ingly appreciated in order to reduce 
the risks of  developing  cancer[16] and 
non-cancerous side-effects 17]. 

• Negative externalities refer to the 
impact of the imaging equipment, and 
waste products - through a series of 
interrelated cause and effect relation-
ships mediated by the environment 

- on human health (e.g., cancer, respi-
ratory diseases, ozone layer reduction, 
climate changes due to the greenhouse 
gas effect), environment (e.g., acidifica-
tion, eutrophication, eco-toxicity) and 
resource depletion (e.g., reduced miner-
als and fossil fuels). Accordingly, imag-
ing equipment and consumables need 
to be evaluated for their effects dur-
ing their complete life cycle from the 
research phase through to waste man-
agement, especially in case of radioac-
tive substances routinely used in health 
care. Thus, the Life Cycle Assessment 
(LCA) approach should evaluate the 
comprehensive environmental impact 
of these substances and the environ-
mental response to different health care 
diagnostic pathways [18].

With these issues in mind, research 
groups are beginning to recognize both 
collateral effects and negative exter-
nalities, yet a comprehensive assess-
ment considering all of these proposed 
impacts remains absent [14,19]. 

A CONCEPTUAL FRAMEWORK

Our proposed conceptual frame-
work includes two critical levers for 
stimulating change in consumption 

and production of medical imaging 
resources: 

(1) the choice of a specific diagnostic 
pathway (healthcare system market  — 
citizen/patient and the physician), and 

(2) the decision-making process for 
the acquisition of new technologies 
(medical imaging market - health care 
system and the companies producing 
goods and services). 

Figure 1 represents these crucial deci-
sion nodes as two systems. The black 
lines highlight the relationships between 
actors and actions, and the inter-depen-
dency between actions – representing 
the impact of one action on dependent 
subsequent actions as part of a dynamic 
system. The lower part of the figure 
reflects current practice with decision-
making typically based on outcome data, 
collateral effects, and health care system 
costs which may vary depending on the 
economic perspective. 

The green lines illustrate our pro-
posed inclusion of the impact of medi-
cal imaging on human health and the 
environment: from production to 
consumption and discharge (medical 
imaging market) through its routine 
use (healthcare system market). These 
data can then be used to evaluate alter-
native technologies and to improve 
practice recommendations, guidelines 
and position papers, by more com-
prehensively assessing negative collat-
eral effects and negative externalities, 
thereby driving changes in imaging 
utilization. When such data become 
available and incorporated into clini-
cal consciousness, they may impact 
daily decision making and lead to use 
of the right imaging technique in the 
right patient at the right time. In fact, 
when physicians are made aware of 
radiation exposure and costs of imag-
ing techniques, as one study already 
shows, they tend to change their test 
ordering towards more sustainable 
imaging utilization patterns.[20] Cost 
data provide clinicians with critical 
information for their decision making, 
so economic cost consequences should 
be determined as comprehensively 
as possible. 

CONCLUSION

Advanced diagnostic imaging has con-
tributed greatly to improvements in 
patient care processes and outcomes. 
However, few studies have assessed the 

FIGURE 1. Schematic  representation in UML (use case diagram) of our proposed conceptual framework. 
Rectangles represent systems; ovals represent actions; sketched men represent actors; continuous lines represent 
associations between actors (patient/citizen; physician; Decision maker/Health care system; Companies; Analyst) 
and actions; dashed lines represent relationships of dependency between actions (meaning that the action 
pointed by the arrow is influenced by changes in the action from which the line originates). Green represents the 
novel proposed approach.
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impact of collateral effects and negative 
externalities of diagnostic imaging. We 
propose a novel comprehensive perspec-
tive that considers the potential harm 
of medical imaging on both human 
health and the natural environment, to 
determine the “true costs” when try-
ing to balance the benefits and costs of 
medical imaging.
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