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Background: Failure mode and effect analysis is an important tool to identify failures in a
system with its possible cause, effect, and set actions to be implemented proactively before
the occurrence of problems. This study tries to identify common failure modes with its
possible causes and effect to the health service and to plot actions to be implemented to
reduce COVID-19 transmission to clients, staff, and subsequent service compromise from
asymptomatic COVID-19 patients visiting the adult emergency department of SPHMMC
(non-COVID-19 setup).

Method and Study Design: A multidisciplinary team, representing different divisions of
the adult emergency department at St. Paul’s Hospital Millennium Medical College
(SPHMMC), was chosen. This team was trained on failure mode and effect analysis and
basics of COVID-19, to identify possible causes of failures and their potential effects, to
calculate a risk priority number (RPN) for each failure, and plan changes in practice.
Results: A total of 22 failure modes and 89 associated causes and effects were identified.
Many of these failure modes (12 out of 22) were found in all steps of patient flow and were
associated with either due to lack of or failure to apply standard and transmission-based
precautions. This suggests the presence of common targets for improvement, particularly in
enhancing the safety of staff and clients. As a result of this FMEA, 23 general improvement
actions were proposed.

Conclusion: FMEA can be used as a useful tool for anticipating potential failures in the
process and proposing improvement actions that could help in reducing secondary transmis-
sions during the pandemic.

Keywords: COVID-19, FMEA, standard precaution

Introduction
On February 11, 2020, the World Health Organization (WHO) named the disease
caused by severe acute respiratory syndrome coronavirus (SARS-CoV-2) “COVID-
197, and as the number of cases and deaths increased in several countries, its
pandemic status was declared on March 11, 2020." Ethiopia also reported it's first
COVID-19 infected patient 2 days after the global pandemic declaration.”
COVID-19 patients might be asymptomatic or symptomatic and when sympto-
matic they might present with conditions of mild-to-severe respiratory difficulties

which might even necessitate admission to the intensive care unit.® A systematic
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review by Yanes-Lane et al* has shown a higher propor-
tion of asymptomatic infection in COVID-19 patients with
significantly higher transmission potential.

During the initial phase of the pandemic, there can be a
rapid growth of cases related to asymptomatic patients and
this is epidemiologically important as they represent a
silent source of spread in various settings like emergency
rooms in a hospital set-up.’

When a pandemic of this extent and a huge spectrum of
symptoms challenges the health system, the risk of mis-
diagnosing a patient might increase and the safety of
patients might be compromised. It is therefore essential
to anticipate the types of diagnostic challenges that can
occur and build reliable systems that can limit failures
from occurring to support the safety of both patients and
clinicians. Improving the flow of patients in and out of
healthcare settings can help to improve the safety and
quality of care.®

Several improvement tools are being used in health
system delivery to improve the safety of processes, one
of which is Failure Mode and Effect Analysis.”

This tool tries to determine all possible failures to
measure the seriousness of the outcome and the frequency
of reasons that bring about the failure setting up the pre-
cedent actions that help in improving the flow and design
of processes.®” Several studies have shown the impact of
the tool in quality improvement initiatives in a different
hospital setting and also various processes in care
delivery.'*!!

The basic idea behind FMEA lies on the assumption
that risks are linked not only to the odds of failure happen-
ing but also to the severity of its outcome and the feasi-
bility of detecting and stopping before it unfolds.'*"?

During the COVID-19 pandemic, using the FMEA tool
might be of use to anticipate potential failures that could
occur during admission and transfer of patients in emer-
gency rooms at a non-COVID-19 set-up. This study tries
to identify possible common failures that could cause
admission of COVID-19 patients to a non-COVID-19
emergency set-up and by doing so to limit possible trans-
mission to patients and staff in the set-up and to generate
recommendations for patients and staff safety.

Methodology
Study Setting

The project was done in the adult emergency department
of SPHMMC, Addis Ababa, Ethiopia (a tertiary teaching

hospital). SPHMMC is one of the largest hospitals in
Ethiopia, located in the capital. Currently, it is providing
both COVID-19 and non-COVID-19 related healthcare
services from all walks of life. The COVID-19 treatment
center, Isolation ward, and sampling and testing for
COVID-19 were among the COVID related service areas
at SPHMMC. The non-COVID-19 related healthcare ser-
vices which were being provided before the pandemic
continued with set-up modification. Among these, an
adult emergency is one of the service areas, which pro-
vides services to medical and surgical emergencies for
patients above 14 years of age. It provides services to
patients ranging between 25-30 per day.'* The project
period was from March to May 2020.

Team Selection

The team consists of five physicians (two from the emer-
gency department with a specialty in emergency and cri-
tical care, two from quality control, and one from IPC-
Infection prevention and control), four senior nurses, one
nurse assistant, one cleaner, and one security guard work-
ing in the adult emergency department.

Study Population

The study population consisted of patients and attendants
visiting the adult emergency department, physicians,
nurses, nurse assistants (runners), cleaners, and security
guards working in the adult emergency department.

Study Design and Method

The cross-sectional study was conducted on patients,
attendants, and staff working in and around the adult
emergency department.

The team studies the complex process of screening for
COVID-19, triaging, management, and disposal of patients
in the emergency setup.

The study consists of four stages which include process
mapping that identifies the steps in accessing emergency
service flow diagram (Figure 1); the second stage is listing
potential indicators of failures that can predispose to
COVID-19 transmission at each step. In the third stage,
it explores also possible reasons for the occurrence of
failure and its effect followed by prioritizing failure
modes based on the specific risk priority numbers
(RPN)."? All team members will give an approximate
score on the probability of occurrence of failure, its sever-
ity, and the probability of its detectability before it could
take place. All scores will be added to get maximum RPN
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Figure | Process map showing patient flow in the adult emergency department of SPHMMC during the COVID-19 pandemic.

and, at the final stage, different recommendations on
mechanisms of preventing such failures will be identified.
Details of scores attached to each of the processes are
described in Table 1.

Ethical approval was given by the institutional review
board of St Paul hospital Millennium medical college
(reference number: PM23/247) and informed consent was
taken from participant’s during observation and the aim
and outcome of the study was explained accordingly. The
study was conducted in accordance with the Declaration of
Helsinki.

Results
Process Mapping

The process map for patient flow in the adult emergency
department of SPHMMC is as follows in Figure 1.

Based on the process map identified in Figure 1, 22
failure modes and 89 possible causes and effects attributed
were distinguished with 81 possible recommendations sug-
gested to limit the occurrence of failures on each stage of
patient movement from the entry gate of the hospital until

the patient is transferred/referred or discharged from the
emergency department. The RPN identified runs in the
interval of 30-336. On the entry gate of the hospital,
screening is done to reduce the chance of letting in possi-
ble COVID-19 suspect patients, which is done by asking
the history for risk factors and symptoms and assessing
signs.

At the hospital gate entry, five failure modes that could
make COVID-19 transmission easy were identified with
21 associated causes, and 18 measures were plotted to
tackle the failures. RPN of these failure modes ranges
between 30—112. That patient and attendant do not apply
standard precautions was the failure mode identified that
scored the highest RPN at this step (Table 2).

At pre-triage, patients coming to the adult emergency
department further evaluated whether they are further
COVID-19 suspect or not. If they fulfil COVID-19 suspect
criteria, they will be transferred to the isolation ward but if
they fail to fulfil the criteria they will be triaged and
evaluated in the emergency department. Six high-risk fail-
ures were detected in total with 27 attributed causes and 20
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Table | Scoring Tool for Severity, Occurrence, and Detectability of Failure Modes to Reduce Admission of Asymptomatic COVID-19 Patients and Limit Transmission to Staffs and
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possible recommendations to be applied proactively. The
high-risk failure at this point is pre-triage does not detect
the case (COVID 19) (RPN-192) (Table 3).

In the triage room of the adult emergency department,
six failure modes with 20 possible causes and 19 measures
to be taken were suggested. The failure mode identified
with maximum RPN (336) in this area is a low index of
suspicion, and the minimum RPN (42) was patient
bypasses the triage area (Table 4).

The adult emergency room has separate zones for
patient management based on severity score as green,
yellow, orange, red, and black. During this time multiple
failures might happen that can predispose to or increase
COVID-19 transmission. A total of five failure modes with
21 possible causes were identified and 25 actions to be
implemented were plotted. RPN of this failure modes
ranges between 60-280. A low index of suspicion was
the failure mode that has scored the highest RPN (280)
(Table 5).

Discussion
We performed FMEAs in the adult emergency department
to go through with the potential loopholes associated with
delivering service to patients who visit our emergency
department. We found that processes of emergency service
differ hugely according to the difference in patient clinical
condition and were highly exposed to many failure modes;
however, most vulnerabilities identified were common to
all processes in the emergency department. These play a
great role in devising common improvement actions that
can be implemented easily. Using FMEA proactively to
simulate potential failures during the COVID-19 pandemic
has been shown by other simulation studies too that has
used FMEA risk analysis to identify potential failures that
could occur in transferring COVID-19 patients.'> A study
by Levy et al'® has also shown how the FMEA tool has
helped them in identifying hazards and implement mitiga-
tion strategies in their effort during the establishment of a
field hospital during the COVID-19 pandemic.

The most critical process that could increase COVID-
19 transmission at the entry gate of the hospital is that
clients do not apply standard precautions when they came
to the hospital (RPN=112). This most high-risk failure
mode occurs most of the time and is believed to result
from a lack of knowledge about precautions (standard and
transmission-based), lack of compliance, lack of monitor-
ing mechanism for compliance of precautions, and short-
age or absence of precaution facility.
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® Monitor the compliance of clients (patients and attendants) on applying precaution
measures (standard and transmission based)

® Ensure availability of precaution facilities and consumables with back up

® Educate clients about COVID-19 orally and with posters

60

5

Patients and attendants get infected

tions (standard and transmission

based)
® Lack of compliance
compliance of precautions

® |ack of knowledge about precau-
® Lack of monitoring mechanism for
® Shortage or absence of precaution

® Unwillingness

facility

Patient and attendant do
not apply standard

precautions

We believe that significant improvement can be
brought by ensuring the availability of precaution facilities
with back up, educating clients about COVID-19 orally
and with posters, monitoring the compliance of clients on
applying precaution measures with the checklist, by not
allowing anyone on the gate to enter without a face mask
and ensuring 24*7 availability of screening at the gate and
assign a staff member to be responsible. Measures listed
under Table 1 were applied to curve the effect and strict
monitoring of face mask use at the gate and increasing
access for the hygienic facility were among actions
implemented.

The most high-risk failure that could increase asymp-
tomatic COVID-19 patient admission and transmission in
the pre-triaging process is that Pre-triage does not detect
the case (COVID-19) (RPN-192). This failure mode is
difficult to detect and has a severe impact which has
resulted from the asymptomatic presentation of the patient,
the patient might give a false history, presence of atypical
presentation, low index of suspicion, misguided by referral
diagnosis, and lack of COVID-19 test for unsuspected
cases because of resource limitations. Therefore, educating
the public on the consequences of false patient history, and
providing training for a high index of suspicion has a great
role in this regard.

Having a low index of suspicion for COVID-19 as
patients who were suspected to have COVID-19 were
sent to an isolation ward in the pre-triage room makes a
high-risk failure (RPN-336 and 280) in the triaging pro-
cess and emergency room stay, respectively. A low index
of suspicion is believed to have resulted from a misgui-
dance from the diagnosis made in prior checkpoints in the
pre-triage and triage area.

The main limitation of this study is its failure to study
the impact of the interventions proposed. As part of the
quality improvement tool, there needs to be continuous
efforts to study the implementation of change ideas to
generate possible mitigation strategies for future planning.

Conclusion

COVID-19 has unique characteristics that we have not
encountered before, so proactive analysis of what will
happen, what can cause the problems, its effect, and
what has to be done to reduce the failures will make us
stand ahead of the pandemic and result in reducing its
devastating effect. Incorporating the FMEA tool as a qual-
ity improvement project during COVID-19 pandemic
management is highly commendable and in the long run
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with disaster management at large as it has a great impact

on identifying possible failures in a new system proac-

tively and suggests possible solutions ahead of time that

could help in reducing secondary transmission to patients
and staff.
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