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Quality risk management principles are 

used effectively in many areas of business and government—

including finance, insurance, occupational safety and public 

health—and by the agencies regulating these industries.

Risk management’s widespread use isn’t a surprise because 

every product and every process has an associated risk. But 

while there are some examples of the use of quality risk man-

agement in the medical product manufacturing industry, they 

are limited and do not take full advantage of what risk manage-

ment has to offer. After all, inadequate or ineffective quality 

risk management can harm patients, product users and com-

pany value.

Fail-Safe 
FMEA

In 50 Words 
Or Less 
•	 Failing to manage risk 

puts consumers and 
entire organizations in 
jeopardy.

•	 Using failure mode and 
effects analysis (FMEA) 
can help identify risk 
but isn’t enough to 
avoid potential disaster.

•	 By combining FMEA 
with other tools, organi-
zations can ensure their 
products won’t harm 
the people they’re sup-
posed to help.

Combination of quality tools 
keeps risk in check
by José Rodríguez-Pérez and 
Manuel E. Peña-Rodríguez
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The current focus of the U.S. Food and Drug Admin-

istration (FDA) on risk-based determination requires 

that regulated industries dramatically improve their 

understanding and use of hazard control concepts. 

The appropriate use of quality risk management 

can help organizations comply with regulatory require-

ments, such as good manufacturing practices or good 

laboratory practices.

Quality risk management is a valuable component 

of an effective quality system’s framework. It can, for 

example, help guide the setting of specifications and 

process parameters for manufacturing, assess and mit-

igate the risk of changing a process or specification, 

and determine the extent of deviation investigations 

and corrective actions. 

An effective quality risk management approach can 

ensure a high-quality product by providing a proactive 

means to identify and control potential quality issues 

during development and manufacturing. Additionally, it 

can improve decision making if a quality problem arises.

Explaining risk
Risk combines the probability of occurrence of harm 

with the severity of that harm. Quality risk manage-

ment supports a scientific and practical approach to 

decision making during the life cycle of a product. It 

provides documented and reproducible methods to ac-

complish the quality risk management process based 

on current knowledge about the probability, severity 

and detectability of the risk.

But each stakeholder perceives different potential 

harms, computes different probabilities and assigns 

different severities. In relation to medical products, al-

though there are many different stakeholders—includ-

ing patients, medical practitioners, government and the 

industry as a whole—protecting the patient by manag-

ing risk should always be of the utmost importance.1

The manufacture and use of any medical product 

necessarily involves some degree of risk. The risk to 

product quality is just one component of overall risk. 

Product quality must be maintained throughout the 

product life cycle so the characteristics that are impor-

tant to product quality remain consistent.

Effective quality risk management can also facili-

tate better and more informed decisions, assure regu-

lators of a manufacturer’s ability to deal with potential 

risks, and positively affect the extent and level of regu-

latory oversight.

Manufacturers of regulated products are required 

to have a quality management system and processes 

for addressing product-related risks. These processes 

for managing risk can evolve into a standalone man-

agement system. While manufacturers may choose to 

maintain these two management systems separately, it 

may be advantageous to integrate them because doing 

so could eliminate redundancies and lead to a more ef-

fective management system.

To each their own
Risk management is a complex subject because each 

stakeholder places a different value on the probability 

of harm occurring and its severity. As one of the stake-

Inputs
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• Formed part
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•	 Filler blister 
packs

•	 Sensor 
adjustment

•	 Printed 
adjustment
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•	 Temperature

•	 Press time

•	 Filled blister 
packs

•	 Foil

Process steps Filling Automatic 
inspection Print register Sealing

Outputs

•	 Complete blister 
packs
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blister packs

•	 Accepted blister 
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•	 Rejected blister 
packs

•	 Printed material •	 Sealed blister 
packs

•	 Unsealed blister 
packs

Partial process map for tablet packaging   /   figure 1
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holders, the manufacturer makes judgments relating 

to the safety and performance of a medical product, 

including the acceptability of risks. 

Traditionally, risk is assessed and managed in a 

variety of informal ways based on a compilation of 

observations, trends and other information. That ap-

proach can provide useful information that supports 

the handling of complaints, quality defects, deviations 

and resource allocation. But with a more formal ap-

proach, industry and regulators can assess and manage 

risk using recognized risk management tools:

•	 Basic risk management facilitation methods, such 

as flowcharts and check sheets.

•	 Failure mode and effects analysis (FMEA).

•	 Fault tree analysis.

•	 Hazard analysis and critical control points (HACCP).

•	 Hazard operability analysis.

•	 Preliminary hazard analysis.

•	 Risk ranking and filtering.

These tools need to be adapted for specific uses. 

Quality risk management methods and the supporting 

statistical tools can be used in combination. The com-

bined use of these tools provides flexibility that can 

facilitate the application of quality risk management 

principles.

The degree of rigor and formality of quality risk 

management should reflect available knowledge and 

be commensurate with the complexity or criticality of 

the issue being addressed.

 

Systematic approach
Within pharmaceutical and medical products manufac-

turing, few tools are more useful than FMEA. In one of 

its guides for industry—“ICH Q9: Quality Risk Manage-

ment”—the FDA summarizes some of the most com-

mon risk management tools. Among the tools men-

tioned is FMEA.

The FDA writes in section I.2, “FMEA provides for 

an evaluation of potential failure modes for processes 

and their likely effect on outcomes and/or product 

performance. Once failure modes are established, risk 

reduction can be used to eliminate, contain, reduce or 

control the potential failures. FMEA relies on product 

and process understanding. It methodically breaks 

down the analysis of complex processes into manage-

able steps. It is a powerful tool for summarizing the im-

portant modes of failure, factors causing these failures 

and the likely effects of these failures.”2

Furthermore, it mentions that FMEA can be used 

to prioritize risks and monitor the effectiveness of 

risk control activities.3 The guide defines FMEA and 

discusses areas of application but does not provide a 

method to carry out an effective FMEA. For that rea-

son, a systematic approach is needed.

That approach consists of three interrelated tools: a 

process map, a cause and effects matrix (also called a 

prioritization matrix), and an FMEA. Instead of using 

the FMEA template from the beginning of the process, 

let’s analyze the failure modes for the inputs that have 

a larger effect on the critical customer requirements.

Process map: As opposed to the commonly used 

flowchart, the process map is a high-level tool that 

focuses on process steps, as well as their inputs and 

outputs. One of the main uses of the process map is to 

identify process inputs that cause high variability. 

The process map usually consists of six to 10 boxes 

that represent major steps in the process. For each 

step, the inputs and outputs are identified. Figure 1 

shows an example of a partial process map for a tablet 

packaging facility.

Cause and effects matrix: After the process 

map is developed, the prioritization process begins. 

Many companies start to fill in the FMEA template at 

this stage. That isn’t a good practice because in many 

processes, the most critical steps are located near the 

middle or toward the end of the process.

Those who use the beginning-to-end approach are 

likely to be exhausted by the time they start to analyze 

the critical steps. For that reason, it makes sense to 

add this intermediate tool.

Risk Management

An effective risk management approach ensures a 
high-quality product by providing a means to 
identify and control potential quality issues.
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A cause and effects matrix—not to be confused 

with the cause and effects diagram or fishbone—is 

used to analyze how a process input affects process 

outputs. To develop a cause and effects matrix, follow 

these six steps:

1.	 Identify the customer requirements and write them 

in the upper columns.

2.	 Assign a rating on a scale with one being the least 

important and 10 the most important. These ratings 

are assigned from the customer’s perspective.

3.	 Using the process map, list the process steps and 

process inputs in each row.

4.	 For each process input, analyze how it affects each 

customer requirement using the following scale:

•	 0 = the input does not affect the customer 

requirement.

•	 1 = the input has a hardly noticeable effect on 

the customer requirement.

•	 3 = the input has a medium effect on the cus-

tomer requirement.

•	 9 = the input has a strong and direct effect on 

the customer requirement.

5.	 Cross-multiply the ratings from steps two and four. 

For each row, multiply the value of the process in-

put and its corresponding customer requirement. 

Add those cross-products at the end of each row.

6.	 Sort the values from step five in descending order.

The end product of using this tool is a list of the 

process inputs that have the biggest effect on the cus-

tomer requirements. In this way, you can focus the de-

velopment of the FMEA on those process inputs that 

really matter to the customer and leave unimportant 

issues for later analysis.

Eventually, you should analyze all the process in-

puts and how they could fail. But the key takeaway is 

knowing where to focus your efforts. Table 1 shows 

an example of the tablet packaging cause and effects 

matrix already sorted in descending order.

FMEA: After completing the cause and effects ma-

trix, you can start to fill in the FMEA template. Instead 

of the beginning-to-end approach, analyze the failure 

modes of the inputs that are strongly related to cus-

tomer requirements.

Using the cause and effects matrix, select the pro-

cess step or input. For that process step or input, con-

sider the possible ways it could fail (the failure mode). 

Then, for each failure mode, determine the result if it 

fails (the effect).

After identifying the effects, make a quantitative 

assessment of the severity. Typical scales range from 

one (no severity) to 10 (critical to human safety). Af-

ter the severity rating is assigned, identify the potential 

causes of the failure mode. In this stage, don’t think 

about causal factors or the immediate causes. Instead, 

focus on potential root causes.

These are labeled as potential causes because 

causes have not come into play yet. This is one mis-

conception about an FMEA. It’s defined as a proactive 

tool to identify and prevent the way in which a pro-

cess, product or system could fail. But in most cases, 
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  9 Sealing Temperature 0 9 0 9 144

10 Sealing Press time 0 9 0 9 144

  3 Filling Machine speed 9 0 3 0 111

 4 Filling Feeder 9 0 3 0 111

 6 Automatic inspection Sensor adjustment 9 0 3 0 111

12 Sealing Foil 0 9 0 3 102

Cause and effects matrix   /   Table 1
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FMEAs are used after the failure has occurred. That 

issue will be addressed later.

After you identify the potential root causes, rate 

the probability of occurrence on a scale from one (low 

probability of occurrence) to 10 (high probability of 

occurrence). Then determine the current controls used 

to detect causes or failures and rate their effectiveness 

on a scale from one (controls are 100% effective) to 10 

(controls are not effective).

At this point, you can calculate the risk priority num-

ber (RPN) by multiplying the severity, occurrence and 

detectability indices. But that’s not the end of the FMEA 

process. The next step is to sort the table in descending 

order of RPNs. In that way, the inputs with higher RPNs 

(most critical to the customer) will be located at the top 

of the table, while those with lower RPNs (least critical 

to the customer) will be toward the bottom of the table.

Not sorting RPNs from highest to lowest is another 

error many organizations make. This is the essence of 

the FMEA—to prioritize efforts to prevent the most crit-

ical inputs to failure. It does not mean you won’t man-

age the least critical inputs; it’s a matter of prioritizing.

This is aligned with what the FDA expects: that an 

organization’s actions are commensurate with the risk 

to and impact on patient safety.

After calculating and sorting the RPNs, the real 

work begins. At this stage, it’s possible to identify and 

implement actions to reduce the RPN. After those 

actions are implemented, the new RPN must be cal-

culated. This is the fundamental nature of the FMEA 

process—continuous improvement. Table 2 shows an 

example of an FMEA for a tablet packaging process.

Making the link
At this point, you can integrate the FMEA process with 

one of the systems used most frequently by an FDA-

Risk Management

Process 
step/input

Potential 
failure 
mode

Potential 
failure 
effects S

ev
er

it
y

Potential 
causes

O
cc

u
rr

en
ce

Current 
controls

D
et

ec
ti

o
n

R
P

N Actions 
recommended

R
es

p
o

n
si

b
ili

ty

Actions 
taken

S
ev

er
it

y

O
cc

u
re

n
ce

D
et

ec
ti

o
n

R
P

N

W
ha

t 
is
 t
he

 p
ro
ce

ss
 s
te
p/
in
pu

t 
un

de
r 
in
ve

st
ig
at
io
n?

In
 w

ha
t 
w
ay
s 
do

es
 t
he

 k
ey

 in
pu

t 
go

 w
ro
ng

?

W
ha

t 
is
 t
he

 im
pa

ct
 o
n 
th
e 
ke

y 
ou

tp
ut
 v
ar
ia
bl
es
 (c

us
to
m
er
 

re
qu

ir
em

en
ts
) o

r 
in
te
rn
al
 

re
qu

ir
em

en
ts
?

H
ow

 s
ev

er
e 
is
 t
he

 e
ff
ec

t 
to
 t
he

 
cu

st
om

er
?

W
ha

t 
ca

us
es
 t
he

 k
ey

 in
pu

t 
to
 g
o 

w
ro
ng

?

H
ow

 o
ft
en

 d
oe

s 
ca

us
e 
of
 fa

ilu
re
 

m
od

e 
oc

cu
r?

W
ha

t 
ar
e 
th
e 
ex

is
tin

g 
co

nt
ro
ls
 

an
d 
pr
oc

ed
ur
es
 (i
ns

pe
ct
io
n 
an

d 
te
st
) t
ha

t 
pr
ev

en
t 
th
e 
ca

us
e 
of
 

th
e 
fa
ilu

re
 m

od
e?

 S
h

o
u

ld
 

in
cl

u
d

e 
an

 S
O

P
 n

u
m

b
er

.

H
ow

 w
el
l c

an
 y
ou

 d
et
ec

t 
ca

us
e 

or
 fa

ilu
re
 m

od
e?

W
ha

t 
ar
e 
th
e 
ac

tio
ns

 fo
r 

re
du

ci
ng

 t
he

 o
cc
ur
re
nc

es
 o
f t
he

 
C
au

se
 o
r 
im

pr
ov

in
g 
de

te
ct
io
n?

W
ho

’s
 r
es
po

ns
ib
le
 fo

r 
th
e 

re
co

m
m
en

de
d 
ac

tio
n?

W
ha

t 
ar
e 
th
e 
co

m
pl
et
ed

 a
ct
io
ns

 
ta
ke

n 
w
ith

 t
he

 r
ec

al
cu

la
te
d 

RP
N
? 

B
e 

su
re

 t
o

 in
cl

u
d

e 
co

m
p

le
ti

o
n

 m
o

n
th

/y
ea

r.

Sealing/
temperature

Temp. too 
high

Burned 
blister 
pack

10
Wrong 
setting

6
Verification 
of batch 
record

7 420

Provide 
infrared 
temperature 
device to 
operator

M. Peña

Temperature 
device 
implemented 
(8/11)

10 4 2 80

Sealing/
temperature

Temp. too 
high

Blister 
pack not 
sealed 
completely

9
Wrong 
setting

6
Verification 
of batch 
record

7 378

Provide 
infrared 
temperature 
device to 
operator

M. Peña

Temperature 
device 
implemented 
(8/11)

9 4 2 72

Sealing/
press time

Too much 
time

Burned 
blister 
pack

10
Machine 
not set 
properly

5
Verification 
of batch 
record

7 350
Provide a visual 
display to see 
time elapsed

J. 
Rodriguez

Visual display 
implemented 
(10/11)

10 3 2 60

Sealing/
press time

Not 
enough 
time

Blister 
pack not 
sealed 
completely

9
Machine 
not set 
properly

5
Verification 
of batch 
record

7 315
Provide a visual 
display to see 
time elapsed

J. 
Rodriguez

Visual display 
implemented

9 3 2 54

RPN = risk priority number 
SOP = standard operating procedure

Failure mode and effects analysis for tablet packaging   /   Table 2
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regulated industry: the corrective action and preven-

tive action (CAPA) system.

Many organizations devote valuable resources to 

a proactive FMEA. Others focus on the CAPA system 

to manage the failures within their processes. A select 

few get the maximum benefit of combining both.

The true preventive actions—actions implemented 

to eliminate the root causes of nonconformances be-

fore they occur—can be easily identified via an effec-

tive FMEA initiative. That means you can identify the 

potential failure modes and their root causes, and then 

implement the actions required to prevent the occur-

rence of those causes. 

But, in an imperfect world, failures occur. When 

that happens, an organization immediately activates 

its CAPA system to initiate an investigation geared to 

finding the root causes and implementing the appro-

priate CAPAs.4 In the vast majority of situations, those 

systems work independently. But do they need to?

True preventive actions can be identified using the 

FMEA tool. Then, those actions are incorporated into 

the preventive action portion of the CAPA system. 

When a failure does occur, the CAPA system is acti-

vated. But because potential failure modes and their 

causes are part of the FMEA initiative, a disconnect ex-

ists. For that reason, the CAPA system should provide 

feedback to the FMEA tool to revise and update the 

FMEA accordingly.

 

FMEA gone wrong
Often, organizations face situations in which the FDA 

alerts them of the wrong use of some tools. Here are 

excerpts from two warning letters issued by the FDA 

regarding the incorrect application of the FMEA tool 

during the past decade:

1. Lack of integration of the FMEA process 

with a performance test. An organization received 

customer complaints about its tubing, which was as-

sembled incorrectly. As part of the investigation, the 

organization conducted a performance test, the result 

of which showed that the incorrect assembly did not 

affect the product. 

But the organization did not update its FMEA, 

which stated that the incorrect assembly compromised 

the functionality of the device.5 As a result, it left itself 

vulnerable to future occurrences of the same issue.

2. Lack of definition of the FMEA indexes for 

severity, occurrence and detectability. An orga-

nization received customer complaints about device 

failures, so it rushed to develop a reactive FMEA based 

solely on the major cause of complaints: contamination.

When it developed the scales to rank severity, oc-

currence and detectability, it did not provide a ratio-

nale for each scale. The organization only provided the 

indexes and the calculated RPN.6

These two examples show how the use of FMEA 

alone isn’t enough to guarantee product quality. While 

FMEA is a proactive tool within an organization’s risk 

management system, it is a dynamic component that 

must be handled correctly using the following tips:

•	 Perform an FMEA using a teamwork approach.

•	 Use a systematic method to complete the FMEA 

with help from a process map, and cause and effects 

matrix.

•	 Prioritize the order in which the process inputs will 

be evaluated using the FMEA tool.

•	 Sort RPNs in descending order.

•	 Identify all potential root causes. 

•	 Identify and implement CAPAs for each root cause.

•	 Recalculate RPNs after CAPAs are implemented, 

not before.

Doing so will ensure your FMEA is as effective as 

possible and your products are safe in the hands of the 

people they’re meant to help.  QP
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