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Abstract

Background Medical devices provide a great number of medical treatments and have an important role in patients’
healthcare; however, there are certain risks, sometimes even serious incidents, associated with their usage. To ensure
that benefits of medical device usage always outweigh associated risks, it is necessary to closely monitor known risks
post-market and detect new ones as early as possible. Among others, valuable instrument of post-market surveil-
lance is manufacturer incident report. Yet to accomplish its intended use, such report must be sufficiently populated
and supplied with correct information. Aim of this paper is to assess the quality of manufacturer’s incident reports
received in HALMED since 2012 to May 2021.

Methods The study included 578 initial reports and 566 final reports that were scored according to the evaluating
system we designed and categorized as Excellent, Good, Medium, Qualified and Unqualified. For each report medical
device risk class was also extracted to calculate the frequency of report occurrence per risk class and time that passed
between the initial and final report. Difference in quality of the reports between manufacturers based on EU countries

which can seriously undermine the established system.

and countries outside the EU was determined by Mann Whitney U test.

Results Most of initial and final reports fall into two highest quality category level, which means that a sufficient
amount of reports are of good/excellent quality and quality of reports prevails. However, the study’s results indicate
the need for higher scores, especially in critical fields of the form.

Conclusions Data obtained from the manufacturer can be scarce and insufficient, causing negative influence on
Competent Authority’s investigation procedure. Another issue we recognized is extensive underreporting in Croatia,
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Background

Medical devices continue to gain in importance, offering
fast-growing technological advances in the management
of a high variety of diseases. However, every medical
intervention is associated with expected and unforeseen
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risks, which may lead to morbidity and mortality of
healthcare consumer [1-3].

The EU regulatory environment for medical devices
places the responsibility on the manufacturer, or in the
case of the manufacturer not having a registered place of
business in Europe, their European authorized represent-
ative. The manufacturers are responsible for post-market
surveillance (PMS) of medical devices, which represents
a crucial mechanism to prevent and mitigate potential
harm associated with the use of devices. Important part
of PMS is vigilance of medical devices [4-9].

European Medical Devices Vigilance System was
established in 1995 by the collaboration of the European
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Commission services, national competent authori-
ties (NCA) and manufacturers with the goal to prevent
and reduce the likelihood of recurring incident and to
enhance the protection of health and safety of patients,
users and others persons [10]. It refers to activities related
to collection, assessment, understanding and response to
new findings regarding the risks arising from the use or
application of medical devices, especially incidents, inter-
actions with other substances or products, contraindica-
tions, counterfeiting, deterioration in the characteristics
and/or performance of a device, failures and technical
malfunctions [11].

Incidents related to medical devices are defined as any
malfunction or deterioration in the characteristics or
performance of a device made available on the market,
including use-error due to ergonomic features, as well as
any inadequacy in the information supplied by the manu-
facturer and any undesirable side-effect [2, 4-6, 11-13].

When incidents meet reporting criteria, manufacturer
is obligated to submit an initial incident report to the
NCA for recording and evaluation. Every initial report
must lead to a final report, unless the nature of incident
is such that the initial and the final report can be com-
bined into one report. Users should also report incidents
involving medical devices to the manufacturer or to the
NCA; however, reporting for users is not legally binding
in Croatia [2, 11].

The Croatian Agency for Medicinal Products and
Medical Devices (HALMED) implemented the vigilance
system in 2008, it includes risk evaluation of incident
reports and field safety corrective actions, monitoring of
manufacturers’ subsequent actions and coordination with
other competent authorities when appropriate; however,
reporting was initially scarce [2, 11, 14, 15]. During 2012
HALMED focused on education of economic operators
and healthcare professionals and set up a more elaborate
vigilance management framework.

Manufacturers, economic operators and the national
competent authorities are responsible for early identifi-
cation of effectiveness and risks associated with medical
device usage. All parties are obligated to identify risks
early and reliably as well as to apply effective and sustain-
able measures for the safety of patients [9, 10, 16]. PMS
system, when correctly designed, should enable a timely
identification and communication of potential malfunc-
tions and/or complications related to medical devices
that may occur only after years or decades of usage and
implement appropriate risk minimization measures [8,
17,18].

Aim of this paper is to assess the quality of manu-
facturer’s incident reports received in HALMED since
2012 to May 2021. This analysis is particularly of inter-
est since the new regulatory framework on medical
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devices strengthens the importance of post-market
surveillance and urges EU member states to encour-
age and enable reporting of suspected serious incidents
[3, 8, 12, 13]. As a broader objective, the results of this
study are also expected to draw attention to problem of
underreporting and insufficient quality of the reports.

Methods

Study design

Study included all manufacturer incident reports (MIR)
received from year 2012, up to May 2021, at which
point the new regulation became applicable. New ver-
sion of the MIR form, 7.2, was introduced in January of
2020, but became obligatory alongside the new regula-
tion. Study includes only MIR form versions before the
7.2 version.

Total number of reports included in this study is
1144. All reports that were submitted in any form other
than MIR form were translated into the corresponding
MIR form fields before the assessment.

Evaluation criteria

HALMED assessors with relevant experience in vigi-
lance reports processing reviewed all MIR form fields
to establish which information is considered relevant
for proper report interpretation. Fields in the MIR form
were divided on fields relevant for report processing,
and fields that can be omitted form study. Relevant
fields were then assessed and scored with 1 or 2 points
based on the content and importance of provided infor-
mation. Fields containing information crucial for pro-
cessing of individual incident report and patient risk
assessment are considered of higher importance and
were appointed with 2 points:

Manufacturer information Name
E-mail
Country
Authorised Representative Infor- ~ Name
mation E-mail
Submitter’s information Name
E-mail

Commercial name/brand name/
make

Medical device information

Serial number(s) (if applicable)

Lot/batch number(s) (if applicable)
Incident Information Date the incident occurred
Incident description narrative
Manufacturer’s awareness date

Medical device current location/
disposition (if known)
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Patient information Patient outcome

Healthcare facility information Name
E-mail
Results of manufacturers final
investigation (Final report)

The manufacturer's device analysis
results

Is the manufacturer aware of similar
incidents with this type of medical
device with a similar root cause?

The medical device has been dis-
tributed to the following countries

Wherever possible, free text fields assessed as relevant
were evaluated by assessing whether the reporter pro-
vided enough information to enable IMDRF coding that
is required with the new MIR form. Specifically, Incident
description narrative is evaluated for providing enough
information for coding Medical device problem codes
(Annex A), Patient outcome for coding Health impact
(Annex F) and two free text fields in the section Results
of manufacturers final investigation (Final report): the
manufacturer’s device analysis results and Final com-
ments from the manufacturer were reviewed to provide
information for three IMDREF codes: type of investigation
(Annex B), investigation findings (Annex C) and investi-
gation conclusion (Annex D).

Other free text fields were assessed only based on crite-
rion- filled, void or incomplete; where incomplete means
the field contains some information; however, informa-
tion is not relevant for that field:

Patient information Remedial action taken by the
healthcare facility relevant to the

care of the patient

Remedial action/corrective action/
preventive action/Field Safety Cor-
rective Action

Results of manufacturers final
investigation (Final report)

Time schedule for the implementa-
tion of the identified actions

Further investigations

Fields that were omitted from the study:

+ Accessories/associated devices (if applicable) in
Medical device information section due to the fact
that in most cases it is impossible to know whether
the field is void on purpose or by faulty reporting

« Fields contained in section Manufacturer’s prelimi-
nary comments (initial/follow-up report) Manu-
facturer’s preliminary analysis and Initial corrective
actions/preventive actions implemented by manufac-
turer are also omitted, due to lack of a clear criterion
for evaluating the information. Practice showed that
manufacturers provide very different information in
these fields, thus making the decision on information
relevance difficult.
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Any information provided, but misplaced on the form
was considered as lacking. Final scores were translated to
percentages then ranked. Report quality was categorized
according to the evaluation system’s five levels of clas-
sification (total score=100%): excellent: total incident
report quality evaluation score>90: good: score 80—89;
medium: score 70-79; qualified: score 60—69; unquali-
fied: score < 60 points.

Statistical analysis

The obtained data were scored according to the described
evaluation system in EXCEL table. The scores were then
used for quality categorization of initial and final reports
as Excellent, Good, Medium, Qualified and Unquali-
fied. Total score for each year was divided with number
of reports per year to calculate report quality average.
Evaluation system also provided insight into which fields
have been most and least populated with correct infor-
mation in majority of the reports and data population
practice for critical fields. For each report medical device
risk class was also extracted to calculate the frequency
of report occurrence per risk class and time that passed
between the initial and final report. Difference in quality
of the reports between manufacturers based on EU coun-
tries and countries outside the EU was determined by
Mann Whitney U test.

Results

The study included 578 initial reports and 566 final
reports. Total number of reports per year is available
in Table 1, for 2020 and 2021 the number of reports
received on MIR form versions previous to 7.2 is indi-
cated in brackets. Percentage of each medical device risk
class in reports included in the study is shown in Fig. 1.

Table 1 Total number of reports per year

Years Number
of
reports

2012 39

2013 22

2014 68

2015 89

2016 68

2017 83

2018 96

2019 108

2020 170 (4)

2021 288 (1)
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Fig. 1 Percentage of each medical device risk class in reports
included in the study

Table 2 Number of initial reports per category

Number of reports %
Excellent 143 24.74
Good 297 51.38
Medium 81 14.01
Qualified 36 6.23
Unqualified 21 363

Quality of the reports

Initial reports

In this study, quality refers to whether the form’s fields
are filled with requested information. In total, 143 ini-
tial reports (24.74%) reached excellent score, while little
more over half, 297 initial reports (51.38%) falls in good
score category (Table 2).

Table 3 Rate of population of critical fields in initial reports
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Critical field that was filled the most in initial report
is Incident description narrative (99.13%) and the least
populated field is Healthcare facility e-mail (43.88%)
(Table 3).

Final reports
In final reports, 335 reports (57.96%) falls in excellent
category; however, 16% of the reports are assessed as
unqualified (Table 4).

Quality of critical fields is assessed as good, except for
information on similar incidents which falls in unquali-
fied category (55.52%), (Table 5).

Time between initial and final report

Time passed from initial to the final report was cal-
culated for each report (Fig. 2a) and compared to the
field Expected date of manufacturer’s next report to see
whether the manufacturers met the self-assigned dead-
line (Fig. 2b). Most of the incident reports were closed
within 2 months and in the majority of the reports, man-
ufacturers followed the self-assigned deadline.

Difference in quality of the reports submitted

by manufacturers based on EU countries or authorised
representative and manufacturers from third countries
(Mann Whitney U test)

HALMED received 112 initial incident reports and 108
final reports from manufacturers outside EU. Table 6
shows comparison between the reports submitted by
manufacturers based on EU countries or authorised rep-
resentative and manufacturers from third countries.

Field %
Manufacturer information Name 98.88
E-mail 84.69
Country 97.58
Authorised Representative Information Name 91.17
E-mail 90.72
Submitter’s information Name 96.06
E-mail 94.71
Medical device information Commercial name brand name/make 98.10
Serial number(s) (if applicable) 74.65
Lot/batch number(s) (if applicable) 7130
Incident Information Date the incident occurred 70.50
Incident description narrative 99.13
Manufacturer’s awareness date 98.70
Medical device current location/disposition (if known) 66.26
Patient information Patient outcome 87.98
Healthcare facility information Name 83.14
E-mail 43.88
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Table 4 Number of final reports per category

Number of reports %
Excellent 335 57.96
Good 57 9.86
Medium 69 11.94
Qualified 12 2.08
Unqualified 93 16.09

Discussion
A number of received Manufacturer incident reports
shows consistent increase from 2016 to 2021. Even
though the application of the REGULATION (EU)
2017/745 (MDR) [12] was postponed, most manufac-
turers started using the new MIR form in 2020, which is
why only four out of 170 MIR reports are included in this
study for that year and only one out of 97 for 2021, in the
period before the date of the application of the MDR.
Medical devices of every risk class have been repre-
sented in the reports; the most reported being risk class
IIb medical devices (29.42%). HALMED hosts a national
database of medical devices present on the Croatian mar-
ket as set out in Medical Devices Act (Official Gazette
No. 76/13) [11]. We used this database to roughly see
different risk class representation on the Croatian mar-
ket and correlate the information with the number of
reports for each risk class. The database shows large rep-
resentation of 95.273 entries for class IIb. A wide usage of
medical devices of certain risk class can influence higher
number of reports. Risk class III has similar reporting
rate (16.29%) as risk class IVD Annex II List B (16.11%);
risk class III has 56.279 entries and class IVD Annex II
List B only 635 entries. However, even though the data-
base entry is lower, higher reporting of medical devices
classified as IVD Annex II List B may be explained by
devices for measuring blood sugar. According to Croa-
tian National Diabetes Registry, the overall number of
patients registered in 2020 was 310.212 [19]. Similar
reporting rates also show risk classes AIMD (12.43%) and
IVD General (12.61%), AIMD having 670 and IVD Gen-
eral 14.417 database entries. Risk class Ila has a report-
ing rate of 9.81% and 110.958 entries in the database. Risk

Table 5 Rate of population of critical fields in initial reports
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class I has a rather low reporting rate of 2.1% and 2.915
database entries; however, this low rate can be explained
by low risk associated with the usage of medical devices
classified in class I. IVD Annex II List A has a reporting
rate of 1.05% and 476 entries. The least reported risk class
is IVD Devices for self-testing (0.18%) with 105 entries
in database. Medical devices for self-testing are used by
lay persons and patients who do not have tendency for
reporting.

Number of initial report which fall into two highest
quality category level is 76.12% (excellent quality 24.74%
and good quality 51.38%), which means that a sufficient
amount of report still falls into good/excellent category
which is indicative for generally good quality of reports.

Out of 17 critical fields, 9 were filled in 90% or
higher of report forms showing the adequate level
of provided information. Here, we further elaborate
critical field that scored lower than 90%. Fields “Man-
ufacturer’s email’, “Patient outcome” and “Healthcare
facility name” have a sufficient populating rate of 83.14—
87.98%; however, we expect higher rates for those fields
since omission of that information cannot be rationally
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a) Percentage of incident reports per time between initial and final report

DATE NOT
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b) Percentage for meeting the self-assigned deadline for the next report.
Fig.2 aTime passed from initial to the final report; b did the
manufacturers met the self-assigned deadline

Field

%

Results of manufacturers final investigation (Final report)

The manufacturer’s device analysis results 86.99
Is the manufacturer aware of similar incidents with this type of medical 55.52
device with a similar root cause?

The medical device has been distributed to the following countries 83.38
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Table 6 Number and percentage of initial and final reports per category

Number of % Number of non-EU- % Number of % Number of non-EU- %

EU-based initial based initial reports EU-based final based final reports

reports reports
Excellent 98 21.03 45 40.18 262 57.21 73 67.59
Good 246 52.79 51 4554 50 10.92 6 5.56
Medium 71 15.24 10 893 62 13.54 7 6.48
Qualified 32 6.87 4 3.57 12 262 1 0.93
Unqualified 19 408 2 1.79 72 15.72 21 1944

Median quality of the initial reports from manufacturers based on EU countries and third countries were 84.62% and 87.64%, respectively; the distributions in the two
groups differ significantly (Mann-Whitney U=38,598, n1 =466, n2=112, p=0.0001 two-tailed)

Median quality of the final reports from manufacturers based on EU countries and third countries were 90.91% and 91.67%, respectively; the distributions in the two
groups do not differ significantly (Mann-Whitney U=30,191, n1 =458, n2= 108, p=0.7746 two-tailed)

justified. Submitters of reports in these studies are
manufacturers, authorized representatives or manufac-
turer’s subsidiaries, which means the submitters must
be familiar with manufacturer’s information, espe-
cially the email address. Omitting or incorrectly filling
the filed “Patients outcome” significantly hinders the
HALMED’s report assessment. The outcome may be
unknown at the time of the initial reporting, however,
that should be captured in the field. “Healthcare facil-
ity name” was omitted in most reports, which delays or
completely disables HALMED’s intervention and com-
munication directly with the health care professionals
included in the incident. “Serial number(s)” and “Lot/
batch number(s)” fields are populated in only 74.65%
and 71.30% of reports. This can be explained as in large
number of incidents users of medical device do not
provide this information what further obstructs the
manufacturer’s investigation. However, in those cases,
suitable information should be provided in the fields.
The field “Medical device current location/disposition”
has a lower filling rate of 66.26%, which can also be
explained by not knowing this information at the time
of initial report, but it should be indicated accordingly.
Critical field with lowest information providing rate is
“Healthcare facility email” (43.88%), which is concern-
ing since the manufacturer and the Healthcare facility
should be in contact during the incident investigation.

Average of initial reports’ quality per year is above
81.98%, except for 2013 (76.98%) and 2019 (79.73%)
when it shows a slight decline (Table 7). Average for
2020 and 2021 should not be taken into account due
low number of reports taken into account for this study.

Little over half (57.96%) of final reports falls into excel-
lent category of report quality. However, when added to
the number of reports in good category it shows that only
67.82% of overall final reporting falls into two highest
quality category level. In addition, concerning percentage
of reports is assessed as unqualified (16.09%).

Table 7 Average of initial reports quality per year

Years Average (%)
2012 88.06
2013 76.98
2014 83.12
2015 86.72
2016 81.98
2017 83.09
2018 84.52
2019 79.73
2020 67.79
2021 60

Quality of critical fields in final reports “The manufac-
turer’s device analysis results” (86.99%) and “The medical
device has been distributed to the following countries”
(83.38%) is assessed as good. However, field “Is the manu-
facturer aware of similar incidents with this type of medi-
cal device with a similar root cause?” scored only 55.52%.
Barely more than half of total number of 566 final reports
had Information on similar events with the same type of
medical device. This information is critical when assess-
ing the incident, it indicates possible broader problem with
medical device and potential of causing more incidents.
The problem with similar incidents is lack of clear defini-
tion and guidelines to determine whether incidents are
similar. Manufacturer’s main criterion for claiming similar-
ity is the root cause of the incident; however, any variation
of the root cause invalidate similarity between incidents.

Average of final reports’ quality per year is inconsist-
ent trough years. From 2012 to 2019, only 4 years have
a good average of quality (above 80%); 2012, 2013 have
average assessed as unqualified and 2016 as qualified
quality of the reports (Table 8).

Time that elapsed in between initial and final reports
varied from minimal period of 7 days to the longest
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Table 8 Average of final reports quality per year

Years Average (%)
2012 54.74
2013 47.01
2014 7546
2015 81.91
2016 68.67
2017 85.19
2018 91.62
2019 89.95
2020 100
2021 3333

period of 12 months. The majority of the manufacturers
sent the final reports within 1-3 months after the initial
report, the most common period was 2 months (36.05%).
In cases where expected date of manufacturer’s next
report field was filled in the MIR form, the manufacturer
obliged the stated date in 89.27% of cases. Sievanen and
Pommelin performed similar quality analysis in Finland
in 2003 and observed an increase in average time needed
for manufacturer to conclude the investigation of an inci-
dent and also that the reports had become more incoher-
ent in terms of the content of information provided in
comparison with their previous experience [10].

Comparison of report quality between reporters based
on the EU and third countries showed significant dif-
ference only for initial reports (p=0.0001). However,
it should also be taken into account that initial reports
require a greater amount of data, thus it is easier to high-
light the difference.

The information provided in the reports is essential for
conducting the proper steps of vigilance procedure and for
a quick detection of medical device malfunction. Poor qual-
ity or insufficient information compromise the evaluation
of reports and consequential actions, thus further hamper-
ing and preventing the sole purpose of vigilance [20-22].

This study raises questions about the problem of under-
reporting and possible improvements of the present vigi-
lance system in Croatia. The problem of underreporting
is ubiquitous and has been recognised by other compe-
tent authorities and countries as well [23]. Main problem
of underreporting is not being able to recognize the risk
a device presents for the user and the patients. All medi-
cal devices have expected risks which are clearly docu-
mented in the product information, even without device
non-conformities or regulatory non-compliance. Medical
device non-conformities can increase likelihood of risk
or even introduce new risks related to its usage. Failure
to comply with regulations also may be an indicator of
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a manufacturer’s inability to consistently provide high
quality medical devices [24]. The goal of risk assessment
related to medical devices is to detect signals as early
and reliably as possible to enable considered decisions if
a non-acceptable risk is present and, if so, to undertake
appropriate measures to mitigate or eliminate the risk [9].

However, one must keep in mind that the number of inci-
dents does not provide enough information by itself about
the safety of the device, since a fair percentage of incidents
may be caused by unrelated reasons. For example, a big
market share would result in more incidents, even though
the failure rate is constant or there may be some changes
in the incident reporting by the manufacturer [9]. In addi-
tion, the safety of a medical device are not only dependent
on the product itself and the anatomical and physiological
characteristics of the patient, but also very much influenced
by the professional or lay user [9, 25].

Besides monitoring the safety of medical devices,
another motive for the manufacturers to establish a
comprehensive PMS system lies in its innovation poten-
tial. PMS system generates information on how medical
devices can be designed more efficiently and effectively,
resulting in safer and better device usage and risk reduc-
tion [26]. Continuous benefit-risk assessment over the
device’s life cycle, required under the MDR, will provide
an opportunity for the manufacturer to respond to any
issue or changes that occur and enable to timely modify
the device design or IFU [27].

There is limited number of published information
regarding analysis of manufacturers’ incident reports
concerning medical devices, especially analysis of the
incidents’ quality. New Regulation will set up a central-
ized database, EUDAMED, which will enable insight in
incident reports for all EU countries.

Conclusion

The study’s results indicate that the data obtained from
the manufacturer can be scarce and insufficient, causing
negative influence on competent authorities’ investiga-
tion procedure. It will be interesting to see if there is any
change in the quality of the reports after the implemen-
tation of the new Regulations, introduction of the new
MIR form and its auxiliary documents. NCAs, includ-
ing HALMED as the competent authority responsible for
vigilance, should provide necessary support and educa-
tion for manufacturers and authorized representatives
to generate high quality incident reports. Another issue
we noticed is an extensive underreporting in Croatia,
which must be addressed by HALMED through educa-
tion of healthcare professionals and targeted information
campaigns, which should be supported by the national
healthcare system and other relevant stakeholders.
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