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Abbreviations 
Abbreviation Definition 

CER Clinical Evaluation Report 

DUE Device Under Evaluation 

EU European Union 

GSPR General Safety and Performance Requirements 

IFU Instructions for Use 

ISO International Organization for Standardization 

MDCG Medical Device Coordination Group 

MDR Medical Device Regulation 

MEDDEV Medical Devices 

PMS Post Market Surveillance 

PMSR Post Market Surveillance Report 

PMCFER Post-Market Clinical Follow-Up Evaluation Report 

PSUR Periodic Safety Update Report 

RMR Risk Management Report 

SOTA State-Of-The-Art 

SSCP Summary of Safety and Clinical Performance 
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Introduction 
In the development and lifecycle management of medical devices, certain 
risks may persist even after all feasible risk control measures have been 
implemented. In such scenarios, a benefit-risk analysis becomes essential 
to evaluate whether the expected clinical benefits outweigh the residual 
risks associated with the device. Conducting a benefit-risk analysis is not 
only best practice but also a regulatory requirement for market approval, 
particularly from a clinical standpoint. This evaluation must be grounded 
in robust clinical evidence that demonstrates the device’s safety and 
performance for its intended purpose. 

This white paper outlines industry best practices for performing a clinical 
benefit-risk analysis. 

The Medical Device Regulation (MDR) 2017/745 defines benefit-risk 
determination as “the analysis of all assessments of benefit and risk of 
possible relevance for the use of the device for the intended purpose when 
used in accordance with the intended purpose given by the manufacturer.” 
Notably, the MDR uses the terms benefit-risk determination and 
benefit-risk analysis interchangeably. 

In this context, the clinical benefit of a device refers to its capacity to 
improve the health or well-being of the end user. As per the MDR, clinical 
benefit is defined as the positive impact of a device on the health of an 
individual, expressed in terms of a meaningful, measurable, patient-relevant 
clinical outcome. For instance, consider a hypothetical device ‘ABC’ that 
yields a positive outcome or benefit ‘X’. For ‘X’ to be deemed clinically 
relevant, it must be both meaningful to the patient and quantifiable — i.e., it 
must be possible to measure the extent to which the desired clinical 
outcome has been achieved. 

Conversely, risk, in the context of medical devices, is defined as the 
combination of the probability of harm occurring and the severity of that 
harm. The overall risk profile of a device must be weighed against its total 
clinical benefit to arrive at a balanced, evidence-based determination. This 
benefit-risk metric can be benchmarked against the current  State of the 
Art (SOTA) to support a holistic evaluation and comparison across devices. 

According to the global standard for risk management in medical devices, 
ISO 14971, manufacturers are required to conduct a benefit-risk analysis as 
a core element of their risk management framework. This analysis is critical 
for determining whether the residual risks associated with a device are 
acceptable and whether the anticipated clinical benefits justify those risks. 
In instances where the level of risk is deemed unacceptable, a device may 
still be considered for commercial release, but only if the clinical benefits 
demonstrably outweigh the potential harms. 

This white paper aims to provide a structured overview of the qualitative 
and quantitative methodologies for conducting benefit-risk analyses, 
grounded in the latest clinical data and regulatory expectations. 
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Need for benefit-risk 
analysis 
Benefit-risk analysis plays a critical role in the clinical evaluation of medical 
devices. It enables the assessment of both the potential severity and the 
likelihood of adverse events when the device is used in real-world clinical 
settings. Based on the outcomes of this assessment, manufacturers can 
implement additional safety measures, revise usage protocols or offer 
enhanced clinical guidance to ensure safer application of the device. 

When risk control measures do not fully eliminate certain hazards, the 
remaining concerns are categorized as residual risks. A targeted 
benefit-risk analysis is then conducted on these residual risks to 
evaluate their acceptability by determining whether the anticipated 
clinical benefits outweigh the remaining potential harms. 

Clinical decision-making 
• Benefit-risk analysis is a complex and critical process that poses 

significant challenges in both securing regulatory approval for new 
medical devices and informing therapeutic decision-making in clinical 
practice. 

• Evaluating benefits and risks systematically (qualitative and quantitative 
approaches) is also essential for clinicians to communicate with patients 
and caregivers to achieve mutual decision-making goals. 

• Although regulators are more concerned about the overall impact, 
clinicians focus on individual decisions based on patient preferences and 
risk acceptability; therefore, thorough consideration of risks and benefits 
in a systematic manner is crucial. 

Benefit-risk analysis addresses the fundamental question of a medical 
device’s safety and effectiveness. Demonstrating an acceptable 
benefit-risk profile provides direct evidence of the device’s clinical 
safety and efficacy, thereby supporting informed decision-making in its 
practical application. 

Medical device advancements 
• Although medical devices are designed with safety as a priority, some 

degree of residual risk remains inevitable, even with rigorous efforts in 
design, manufacturing, quality control, labeling and user guidance. 

• At the same time, medical devices have played a transformative role in 
modern healthcare, saving lives and significantly enhancing the quality 
of life for millions of individuals around the world. 

As such, the benefit-risk profile is a critical factor that drives the 
development, approval and continued advancement of medical devices. 
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EU MDR requirements and 
ISO standards 
Sr.
No. 

Requirements 

1. Article 61 #1    
Clinical 
Evaluation 

Confirmation of conformity with relevant 
General Safety and Performance Requirements 
(GSPR) set out in Annex I under the normal 
conditions of the intended use of the device 
and the evaluation of the undesirable side 
effects and of the acceptability of the 
benefit-risk ratio referred to in Sections 1 and 8 
of Annex I, shall be based on clinical data 
providing sufficient clinical evidence, including 
where applicable relevant data as referred to in 
Annex III. 

Annex I #1, #2, 
#3(e), #8 
GSPR 

2. Annex XIV Part 
A: Clinical 
evaluation 

To plan, continuously conduct and document a 
clinical evaluation, manufacturers shall prepare 
an indicative list and specification of 
parameters to be used to determine, based on 
SOTA in medicine, the acceptability of the 
benefit-risk ratio for the various indications and 
for the intended purpose or purposes of the 
device. 

3. Annex XIV Part 
B: Post-Market 
Clinical 
Follow-Up 
(PMCF) 

The PMCF plan shall specify the methods and 
procedures for proactively collecting and 
evaluating clinical data with the aim of ensuring 
the continued acceptability of the benefit-risk 
ratio. 

4. Article 86 #1 
Periodic Safety 
Update Report 
(PSUR) 

Throughout the lifetime of the device, PSUR 
shall set out the conclusions of the benefit-risk 
determination. 

5. Article 88 #1 
Trend reporting 

Manufacturers shall report, by means of the 
electronic system, any statistically significant 
increase in the frequency or severity of 
incidents that are not serious incidents or that 
are expected undesirable side effects that 
could have a significant impact on the 
benefit-risk analysis. 

6. #1: Devices shall achieve the performance 
intended by their manufacturer and shall be 
designed and manufactured in such a way that, 
during normal conditions of use, they are 
suitable for their intended purpose. They shall 
be safe and effective and shall not compromise 
the clinical condition or the safety 

MDR articles/ 
annexes/ISO 
standards 
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Sr.
No.  

MDR Articles/ 
Annexes/ISO 
Standards 

Requirements 

of patients or the safety and health of users or, 
where applicable, other persons, provided that 
any risks which may be associated with their use 
constitute acceptable risks when weighed 
against the benefits to the patient and are 
compatible with a high level of protection of 
health and safety, taking into account the 
generally acknowledged state-of-the-art. #2: 
Requirement to reduce risks as far as possible 
means the reduction of risks as far as possible 
without adversely affecting the benefit-risk 
ratio. #3(e): In carrying out risk management, 
manufacturers shall evaluate the impact of 
information from the production phase and, in 
particular, from the post-market surveillance 
system on hazards and the frequency of 
occurrence thereof, on estimates of their 
associated risks, as well as on the overall risk, 
benefit-risk ratio and risk acceptability. #8: All 
known and foreseeable risks and any 
undesirable side effects shall be minimized and 
acceptable when weighed against the 
evaluated benefits to the patient and/or user 
arising from the achieved performance of the 
device during normal conditions of use. 

7. Annex II #5 
Technical 
Documentation 

A technical document shall contain the 
benefit-risk analysis. 

8. Annex III #1.1(b) 
Technical 
Documentation 
on Post-Market 
Surveillance 

The post-market surveillance plan shall cover 
suitable indicators and threshold values that 
shall be used in the continuous reassessment 
of the benefit-risk analysis and risk 
management. 

9. ISO 14971 
Risk 
Management 

• If, during risk control options analysis, the 
manufacturer determines that the risk reduction 
is not practicable, the manufacturer shall 
conduct a benefit-risk analysis of the residual 
risk. • If the residual risk is judged as 
unacceptable using the criteria established in 
the risk management plan and further risk 
control is not practicable, the manufacturer may 
gather and review data and literature to 
determine if the benefits of the intended use 
outweigh this residual risk. 
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Evaluation of clinical 
benefits and risks 
The European Union (EU) has established a comprehensive regulatory 
framework for medical devices, which includes clear guidance on 
conducting benefit-risk analysis. Key documents such as MEDDEV 2.7/1 
and guidance from the Medical Device Coordination Group (MDCG) 
outline detailed expectations for evaluating and documenting the balance 
between clinical benefits and associated risks. 

According to MEDDEV 2.7/1, Revision 4, Section A7.2, the following factors 
should be considered when evaluating clinical benefits: 

Benefits may include: 

The following factors should be considered for risk evaluation: 

Type of the 
benefit 

Magnitude 
of the 

benefit 

Probability 
of the 

benefit 

Duration of 
the benefit 

Nature severity, 
number and 

rates of harmful 
events 

Probability 
of a harmful 

event 

Duration 
of harmful 

events 

Positive 
impact on 
clinical 
outcome 

The 
patient's 
quality of 
life 

Outcomes 
related to 
diagnosis 

Positive 
impact from 
diagnostic 
devices on 
clinical 
outcomes 

Public 
health 
impact 
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Data source for benefit-risk 
analysis 
The acceptability of the benefit risk ratio must be supported by clinical 
data that provides sufficient clinical evidence, including, where applicable, 
relevant findings from post market surveillance. 

Inputs to technical 
documents 
The acceptability of the benefit risk ratio must be supported by clinical 
data that provides sufficient clinical evidence, including, where applicable, 
relevant findings from post market surveillance. 

Source 

Scientific 
literature 

SOTA 

Clinical 
studies 

PMS 
including 

PMCF 

Benefit-
risk 

analysis 

CER 

PMCFER PMSR/ 
PSUR 

RMR SSCP 
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Evaluation of benefit-risk 
ratio 
Manufacturers are expected to perform both quantitative and qualitative 
benefit-risk analyses as part of the clinical evaluation of medical devices. 

According to MEDDEV 2.7/1, Revision 4, Section A7.2: 

• Clinical data supporting benefit-risk acceptability should be assessed for 
all indications and target populations defined under the device’s intended 
purpose and must be compared against the current State of the Art 
(SOTA). 

• A thorough understanding of the relevant clinical background is essential 
to accurately characterize the safety and performance profile of the 
SOTA. The selection of clinical data used to define SOTA must be 
objective and unbiased, avoiding any preferential comparison that could 
unduly favor the device under evaluation. 

• The benefits and limitations of alternative treatment methods must be 
considered in the evaluation. 

• Deficiencies or disadvantages of existing treatments should be clearly 
identified through a critical and comprehensive review of the relevant 
published literature. 

• The literature review should demonstrate whether the device addresses a 
significant unmet clinical need. If no such need exists, the device must at 
least show an improved or equivalent benefit-risk profile compared to 
existing therapies or products. 

• Even if a device cannot outperform the current first-line treatment or the 
best-in-class solution, it may still contribute value to the treatment 
landscape, particularly in cases where existing options have 
contraindications or non-responder subpopulations. 

• Devices that may not be considered best-in-class should still present 
sufficient clinical evidence to demonstrate an acceptable benefit-risk 
profile for specific, clearly defined patient subgroups, or show superior 
clinical performanceunder specific conditions (e.g., emergency or outdoor 
environments). 

As outlined in MDCG 2020-6, Section 6.1(d): 
• To determine a benefit-risk ratio, up-to-date alternatives must be 

considered. 
• Attention should be paid to devices with a marginal benefit-risk profile, 

both during the initial conformity assessment and when designing 
appropriate post-market surveillance (PMS) or post-market clinical 
follow-up(PMCF) strategies. 

Example: 

A deep-brain stimulation (DBS) system has demonstrated effectiveness in 
the treatment of depression. However, the implantation of electrodes into 
the brain carries significant risks. Given the availability of less invasive 



11 
Significance of qualitative and quantitative 
benefit-risk analysis of medical devices 

treatment options for patients with depression, the manufacturer has 
appropriately limited the device’s medical indication to “therapy-resistant 
depression,”  as clearly stated in the Instructions for Use (IFU) and other 
relevant documentation. 

Qualitative approach 
In this approach, benefits and risks are not evaluated using numerical 
metrics but are assessed qualitatively. The overall balance is determined 
through informed judgment rather than statistical analysis. The clinical 
benefits and potential harms of the device under evaluation should be 
described in narrative form, with a clear comparison to the current 
state-of-the-art. The author must articulate how the anticipated benefits 
outweigh the associated risks for the device’s specified intended purpose. 
This qualitative assessment will be discussed in conjunction with the 
quantitative approach to provide a comprehensive benefit-risk evaluation. 

Quantitative approach 
The benefits and risks associated with the device under evaluation should 
be thoroughly assessed and the benefit-risk ratio should be calculated. 
This ratio must then be compared against that of the current 
state-of-the-art to contextualize the device’s performance. The 
quantitative approach is more objective and provides more 
comprehensive information than the qualitative approach. 

RMRSSCP

List down benefits 
and risks 

Narrate each 
reported benefits 
and risk for DUE 
and SOTA 

Determine each benefit 
and risk as superior/ 
equivalent/inferior 
relative to SOTA 

Evaluate favorable 
and unfavorable 
outcomes with 
justification 
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RMRSSCP

List down benefits 
and risks 

Assign magnitude 
for each benefit and 
severity for each risk 

Calculate frequency 
of occurrence for 
each benefit and risk 

Calculate benefit 
value and risk value 
for each benefit and 
harm 

RMRSSCP

Calculate and 
compare benefit- risk 
ratio for device under 
evaluation and SOTA 

RMRSSCP

Evaluate benefit- 
risk ratio 
acceptability with 
justification 

Frequency of 
occurrence 

No. of patients 
experience harm 

Severity How 
severe is the 
harm to the 

patients? 
X 

Calculation of benefit 
values, risk values and the 
benefit-risk ratio 
A regulatory standard1 that outlines risk management practices provides 
the following formula to calculate the Risk value (R), 

1  Seminal Australian Standard HB 436: 2004 
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Frequency of 
occurrence 

No. of patients 
experience harm 

Magnitude 
How great is the  

benefit to the 
patients? 

X 

Benefit value (B) Risk value (R) ÷ 

Death (Risk) Survival (Benefits) 

Benefit value (B) can be derived using the following formula, 

The benefit-risk ratio (B/R) is, 

Severity and magnitude: 
The severity of risks is derived from risk documentation (Clavien Dindo 
classification) and the magnitude of benefits is analogous to risks. 

Example: Let us consider: 

If death is graded as 5 (more severe-high risk), then survival rate (more 
benefit) will be graded as 5 which is analogous to the death in terms of 
magnitude. 

If a device ‘X’ has the benefit as survival and risk as death, then the 
benefit-risk ratio for device ‘X’ is calculated as illustrated in Table 1. 

Table 1: Benefit-Risk Ratio Calculation 

Device Under Evaluation SOTA 

Benefit Risk Benefit Risk 

Survival Death Survival Death 

Frequency of 
occurrence: 98% 
= 0.98 (decimals) 

Magnitude: 5 

Frequency of 
occurrence: 5% 

Benefit value: 
0.98*5 = 4.9 

= 0.05 (decimals) 

Severity: 5 

Frequency of 
occurrence: 95% 

Frequency of 
occurrence: 6% 

= 0.95 (decimals) 

Magnitude: 5 

= 0.06 (decimals) 

Severity: 5 

Risk value: 
0.05*5 = 0.25 

Benefit value: 
0.95*5 = 4.75 

Risk value: 
0.06*5= 0.3 

Benefit-risk ratio: 4.9/0.25 = 19.6 Benefit-risk ratio: 4.75/0.3 = 15.8 

Note: SOTA includes similar devices and alternate options. Alternatives 
should be selected based on comparable safety, performance and benefit 
characteristics with Device Under Evaluation (DUE). 
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Acceptability of benefit-risk 
ratio 

According to MEDDEV. 2.7.1 Rev.3 

The decision on the acceptability of risks in relation to each identified 
hazard and characterization of the corresponding risk/benefit ratio as: 

Unacceptable (Quadrant IV) 

Broadly acceptable (Quadrant II) 

Acceptable under specified conditions (Quadrant I and III) 

For quadrant I and III, one must analyse deeply whether the benefit 
outweighs the risks. The rationale for this approach is clearly explained by 
the guidance document MEDDEV 2.7/1, Rev. 4, A7.2: “A large benefit, even if 
experienced by a small population, may be significant enough to outweigh 
risks, whereas a small benefit may not, unless experienced by a large 
population of subjects.” 

Quadrant I 
Conduct further analysis of reported risks to determine whether they are 
patient-, user-, procedure- or device-related. Assess the effectiveness of 
existing risk control measures and implement additional measures, where 
necessary, to reduce risks as much as possible. 

Quadrant II 
The benefit value should exceed the risk value for all benefit-risk pairs 
across each indication. Ongoing acceptability of the benefit-risk ratio 
should be ensured through post-market clinical follow-up (PMCF) 
activities. 

Be
ne

fit
 (B

)

Risk (R) 

More benefit, less risk (II) 

Less benefit, less risk (III) Less benefit, more risk (IV) 

B>R 
Acceptable 

Acceptable 
under specified 
conditions 

Acceptable 
under specified 
conditions 

B<R 
Unacceptable 

More benefit, more risk (I) 
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Quadrant III 
Further analysis of reported benefits should be conducted and the 
population that experienced the most significant benefits should be clearly 
identified. 

Quadrant IV 
Further analysis of reported benefits should be performed, with clear 
identification of the population that experienced the most significant 
outcomes. Similarly, reported risks should be examined to determine 
whether they are related to the patient, user, procedure or device. The 
effectiveness of existing risk control measures should be assessed and 
additional measures implemented, where necessary to reduce risks to the 
lowest possible level. 

After calculating the benefit-risk ratio for the DUE and SOTA as 
demonstrated in Table 1, the following criteria should be checked to check 
the acceptability of the benefit-risk ratio. 

Risk minimization must be achieved without adversely affecting the 
benefit-risk ratio to comply with EU MDR GSPR #2. To improve the 
risk-benefit ratio, each risk must be outweighed by the benefits and if 
not, the risk should be reduced or eliminated, even if it means losing 
some associated benefits. 

From Table 1, 

• The B/R of DUE is 19.6 and the B/R of SOTA is 15.8. Thus, B/R > 1 for both 

Figure 1: Criteria for benefit-risk acceptability 

1. B/R > 1 for all benefit-risk 
pairs 

2. B/R (DUE) > B/R (SOTA) 

3. B/R (DUE) > B/R (SOTA) for 
half of the benefit risk pairs 
when there are multiple 
benefit risk pairs. 

Acceptable 

YES NO 

If benefit-risk ratio is not acceptable, the 
manufacturer needs to go back in the process 
and consider altering the medical device or limit 
the intended purpose. Otherwise, the risk should 
be reduced as far as possible. 

Unacceptable 
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DUE and SOTA specifies that the benefit is greater than the risk. Criteria 
1 satisfied. 

• Also, B/R (DUE) > B/R (SOTA). Criteria 2 satisfied. 

Thus, B/R of DUE is deemed acceptable. Only one B/R pair has been 
demonstrated in the example. If there are more B/R pairs, one must analyse 
whether at least half of the B/R pairs of DUE are greater than B/R pairs of 
SOTA. 

Outcome of benefit-risk 
analysis 
The outcome of a benefit-risk analysis ensures that potential risks are 
clearly identified, thoroughly evaluated, effectively minimized and 
ultimately outweighed by the device’s therapeutic or diagnostic benefits. 
Once the benefit-risk balance is deemed acceptable, several key 
documents must be updated to reflect these findings within the clinical 
evaluation documentation. 

The conclusions of the analysis are communicated through the Instructions 
for Use (IFU), which incorporate relevant warnings, precautions, 
contraindications and guidance to support the safe and effective use of the 
device. The primary objective is to clearly convey the known risks and 
intended benefits to end users, enabling informed decision-making and 
promoting safe clinical practice. 

Clinically, the outcomes of the benefit-risk analysis also guide post-market 
clinical follow-up (PMCF) activities, inform potential design improvements, 
support regulatory submissions and help refine labelling and marketing 
claims — all of which contribute to ongoing patient safety and sustained 
regulatory compliance. 

Conclusion 
Benefit-risk analysis is a continuous process throughout the lifecycle of a 
medical device. A device must not be placed on the market unless the 
documented and quantified analysis demonstrates that its benefits 
outweigh its risks. Under the EU MDR (GSPR, Annex I), manufacturers are 
required to conduct a benefit-risk analysis for each identified risk as well as 
for the overall residual risk. This makes benefit-risk analysis not optional, 
but a regulatory obligation. 

It is essential that the hypothesis and context of the analysis are clearly 
defined. All available data should be considered and any inclusion or 
exclusion of information, must be logically justified and documented. 
Particular attention should be given to how risks and benefits are weighed, 
taking into account seriousness (of risks), magnitude (of benefits), as well as 
the duration and frequency of both. 

By conducting benefit-risk analysis on an ongoing basis, manufacturers 
can ensure their devices remain safe and effective for users. This 
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continuous evaluation supports both informed decision-making and 
sustained regulatory compliance. 

This paper highlights the importance of benefit-risk analysis for medical 
devices, in alignment with the requirements set forth by the EU MDR. 
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