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Abstract
Background To assess the causal relationship between a medicinal product and a reported event, relevant information needs 
to be present. Information elements for assessing cases of exposure to medicinal products during pregnancy were predefined 
and used in a new tool to assess the quality of information. However, the extent in which the presence or absence of these 
predefined information elements is associated with the overall clinical quality of these cases, as evaluated by pharmacovigi-
lance experts, remains uncertain.
Objective We aimed to validate a novel method to assess the clinical quality of information in real-world pregnancy phar-
macovigilance case reports.
Methods The clinical quality of case reports regarding medicinal product exposure and pregnancy-related outcomes was 
appraised from spontaneous reports, literature, Teratology Information Services (UK and Switzerland), The Dutch Preg-
nancy Drug Register, the Gilenya pregnancy registry and the Enhanced PV programme of Novartis. Assessment was done 
by means of the novel standardised tool based on the presence and relevance of information, and by expert judgement. The 
novel tool was validated compared to the expert assessment as the gold standard expressed as the area under the receiver 
operating characteristic curves, after which the sensitivity and specificity were calculated using cross-tabulations. Inter-rater 
variability was determined by means of weighted Cohen’s kappa.
Results One hundred and eighty-six case reports were included. The clinical quality score as assessed by the novel method 
was divided into three categories with cut-off values of 45% (poor to intermediate) and 65% (intermediate to excellent). 
Sensitivity was 0.93 and 0.96 for poor to intermediate and intermediate to excellent, respectively. Specificity was respectively 
0.52 and 0.73. Inter-rater variability was 0.65 (95% confidence interval 0.53–0.78) for the newly developed approach, and 
0.40 (95% confidence interval 0.28–0.52) for the gold standard assessment.
Conclusions The tool described in this study using the presence and relevance of elements of information is the first 
designed, validated and standardised method for the assessment of the quality of information of case reports in pregnancy 
pharmacovigilance data. This method confers less inter-rater variability compared with a quality assessment by experts of 
pregnancy-related pharmacovigilance data.

Key Points 

We validated a novel method for the assessment of the 
quality of pregnancy pharmacovigilance data.

This approach shows less inter-rater variability compared 
with a quality assessment by experts.
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1 Introduction

As pregnant women are almost never included in clinical 
studies, the information regarding the safety of medicinal 
product exposure during pregnancy is mainly dependent 
on the reporting of experiences with exposure to these 
products in the real world. Several different data collec-
tion methods specifically aimed at the collection of safety 
information are currently in use to capture and analyse 
reports on risks associated with medicinal products 
used during pregnancy [1]. For example, individual case 
safety reports (ICSRs) are collected by national pharma-
covigilance centres and marketing authorisation holders 
(MAHs), and then forwarded to the European Medicines 
Agency and the World Health Organization collaborat-
ing centre, the Uppsala Monitoring Centre [2, 3]. In the 
post-marketing phase, ICSRs can be reported spontane-
ously, solicited or based on cases published in the litera-
ture. Furthermore, Teratology Information Services (TIS), 
pregnancy registries or MAH-initiated enhanced pharma-
covigilance programmes (in which spontaneously reported 
pregnancies are followed, using amongst others a struc-
tured follow-up data collection at set intervals) gather and 
analyse pregnancy data with the purpose of increasing the 
knowledge about the safety of medicinal product exposure 
during pregnancy [4–6].

A significant challenge in pharmacovigilance is to 
assess the likelihood that the medicinal product caused 
or contributed to the occurrence of the event experienced 
by the patient, i.e. causality assessment. In order to assess 
the possibility of a causal relationship between exposure 
to a medicinal product during pregnancy and an adverse 
pregnancy outcome, it is important that the underlying 
data (raw variables) and information (processing and inter-
pretation of raw data), in individual case reports and case 
series, are both present and of high quality [7]. Therefore, 
in order to establish reliably whether there is a causal rela-
tionship between a medicinal product and a reported event, 
relevant information for the causality assessment needs to 
be present. A case report with many relevant elements of 
information containing the appropriate meaningful infor-
mation is considered to have a high clinical quality of 
information. Whereas a report with only little information 
present that is relevant to assessing the causal relationship 
is considered to have a low clinical quality of information, 
even if other details not relevant to the particular event 
under assessment are well reported. Which information 
is relevant is dependent on the reported association of a 
medicinal product and a pregnancy-related outcome.

In the past, various approaches were developed to assess 
the completeness of ICSRs, including VigiGrade, devel-
oped by the Uppsala Monitoring Centre [2]. Unfortunately, 

these methods do not take the relevance of information 
into account and base their assessment only on complete-
ness of certain variables. An exception is the instrument 
designed for the assessment of the clinical quality of the 
information, developed by Pharmacovigilance Centre 
Lareb [8]. All aforementioned approaches were how-
ever not specifically designed for pregnancy data, which 
requires information that may differ substantially from the 
information needed for a non-pregnancy-related causality 
assessment. In the context of general pharmacovigilance, 
information concerning the suspected medicinal product, 
the event, the timing and alternative explanations is gener-
ally important. Additionally, in the context of pregnancy-
related pharmacovigilance, information concerning both 
the mother and child needs to be taken into account, and 
the nature of the medicinal product–event association may 
differ substantially for various clinical scenarios.

In a previous study, we identified important elements 
needed to assess the clinical quality of information for a risk 
assessment of medicinal products used during pregnancy, 
by means of two surveys and two focus group discussions 
amongst pregnancy pharmacovigilance experts [9]. How-
ever, it is still unknown how the presence or absence of these 
selected information elements in case reports relate to the 
overall actual clinical quality of the reports for assessment 
of the causal relationship of a specific reported associa-
tion as assessed by pregnancy pharmacovigilance experts. 
Therefore, the aim of the current study was to validate the 
previously described method to assess the clinical quality of 
information in real-life pregnancy pharmacovigilance case 
reports, based on the presence of elements of information 
relevant to the particular outcome reported.

2  Methods

2.1  Setting and Design

This study is part of Work Package 2 of the IMI-funded 
ConcePTION project, in which national pharmacovigilance 
centres, MAHs and TIS centres collaborated in optimising 
the collection, analysis and interpretation of reported preg-
nancy pharmacovigilance data [10]. The clinical quality of 
case reports regarding medicinal product exposure during 
pregnancy was assessed by means of the newly developed 
tool and by expert judgement [9]. In the current study, this 
tool was trained and subsequently validated in comparison 
to expert assessment (Fig. 1). All steps are discussed in more 
detail below.
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2.2  Data Collection

The following data sources each provided 30 randomly 
selected, full case reports: spontaneous reports and case 
reports from the literature from the Dutch national spon-
taneous reporting database (the Netherlands Pharma-
covigilance Centre Lareb) [11]; TIS reports from both the 
Swiss TIS centre and the UK TIS centre [4]; pregnancy 
registry reports from The Dutch Pregnancy Drug Regis-
ter (Lareb) [6] and the Gilenya (fingolimod) Pregnancy 
Registry (Novartis) [12]; and enhanced pharmacovigilance 
programme reports from the global Argus Safety database 
(Novartis) [5]. All information available in each report 
was extracted, except personal details or other details that 
could not be shared because of privacy reasons. These 
details were blacked out (redacted) in order to distinguish 
between missing (null) and hidden (masked) information.

Thirty case reports were randomly selected from each 
data source, with a minimum of four case reports per clini-
cal scenario. The clinical scenarios were:

1. Pregnancy loss;
2. Congenital anomalies or chromosomal defects;
3. Foetal or neo-natal complications;
4. Infant or child complications;
5. Maternal pregnancy-related complications; and
6. Absence of adverse outcomes or complications.

The same selection of clinical scenarios was used for 
the development of the elements of information in a pre-
vious study [9]. If a data source did not contain at least 
four case reports from a clinical scenario, substitution with 
an additional case report from another randomly selected 
category was possible.

Case reports had to be completed or closed within the 
timeframe of 1 December, 2019 to 31 December, 2020, and 
had to be associated with medicinal product exposure during 
pregnancy. Both prospective (reported prior to the outcome 
being known) and retrospective case reports (reported after 
the pregnancy outcome became available) were included, 
although it was required that a possible pregnancy complica-
tion or outcome with a temporal association to a medicinal 
product was present. Adverse and healthy pregnancy and/or 
child outcomes were eligible for inclusion. Exclusion crite-
ria included reports related to drug exposure during breast 
feeding only, paternal drug exposure, non-pregnancy related 
complications of the mother, and delivery or post-partum 
complications of the mother only.

All case reports were blinded for the data source, by 
reformatting the data to a standardised layout, and by replac-
ing any details that may have revealed the origin of the case 
reports with equivalent anonymised information (e.g. geo-
graphical references, non-English terminology). Finally, the 
order of all case reports was randomised.

2.3  Clinical Quality Assessment

The clinical quality of the case reports was assessed in two 
ways: by means of the newly developed method based on 
the presence and relevance of information, and by expert 
judgement [9].

2.3.1  Novel Method Based on the Presence and Relevance 
of Information

In a previous study, elements deemed necessary for 
assessing the quality of information in pregnancy-related 

Fig. 1  Flow chart of the study 
design in which the novel 
method was trained and subse-
quently validated for the quality 
assessment of information 
of case reports in pregnancy 
pharmacovigilance data. ROC 
receiver operating characteristic
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pharmacovigilance case reports were determined [9]. A total 
of 21 elements of information were selected:

1. Association (one element): information on the combina-
tion of the medicinal product–event combination. This 
information is always required to assess the causal rela-
tionship.

2. Event details (three elements): information regarding 
the event under investigation is important to confirm the 
diagnosis and to provide insight into the development of 
the event over time.

3. Medicinal product exposure details [4]: variables that 
provide more details about the timing, route of admin-
istration and indication of the suspect product. Addition-
ally, co-medication and supplements are described in 
this category.

4. Maternal factors (three elements): information on the 
characteristics of the mother that could affect the event 
is described in this category.

5. Pregnancy (three elements): information on previous 
pregnancies and the current pregnancy that could pro-
vide more detail or affect the event are included in this 
category.

6. Labour (three elements): information related to labour 
is included in this category.

7. Child (four elements): information about the child and 
characteristics that could affect or (partially) explain the 
event is described.

The previously selected elements of information [9] 
were assessed for both relevance and the presence of mean-
ingful information. The clinical quality was expressed as 
the number of present and relevant elements divided by the 
number of relevant elements, ×100 (Table 1). For example, 
for a specific association, only 16 out of 21 information 
elements might be relevant, whereafter the presence of 
the information in those elements is assessed. If 12 out 
of those 16 relevant information elements is present, the 
clinical quality is 75%.

For the clinical quality assessment of the case reports, 
six pregnancy pharmacovigilance experts were recruited 
within Pharmacovigilance Centre Lareb, over whom the 
reports were divided. For each case report, the assessors 
were asked to mark which information elements they con-
sidered to be relevant if they were to perform a causality 
assessment of that specific combination of exposure and 
outcome, and for which of those elements the required 
information was available. The assessors did not per-
form a causality assessment, they marked the elements 
of information that they considered relevant if they were 
to perform a causality assessment. The clinical quality 
was calculated as a percentage of the number of available 
information elements in relation to the number of consid-
ered relevant information elements. Reports were assessed 
by two different assessors. A final assessment was agreed 
upon via consultation of the two assessors.

Table 1  Standardised method for the assessment of the clinical quality of case reports in pregnancy-related pharmacovigilance data. [9] Pres-
ence of the association is a requirement for the method to be used

Clinical quality = number of present and relevant elements of information/number of relevant elements of information × 100

Category Elements of information Relevance Presence

Association Medicinal product–event combination
Event details Information to validate the diagnosis of the event (e.g. test results)

Timing of occurrence or detection of the event
Chronologic evolution of the event, possibly in relation to the exposure

Medicinal product 
exposure details

Administration information of medicinal product (e.g. dose, route)
Timing of exposure of medicinal product in relation to timing of gestation
Indication for use of medicinal product
Other exposures (including additional information on e.g. dose, route, timing and indication)

Maternal factors Medical history and concurrent disorders of the mother
Maternal demographics (e.g. age, weight)
Lifestyle and risk factors (e.g. smoking, alcohol)

Pregnancy Previous pregnancies
Pregnancy-related complications of current pregnancy
Prenatal testing

Labour Labour onset
Mode of delivery
Delivery complications

Child Gestational age at birth
Apgar score (1, 5, 10 min)
Breastfeeding
Medical information of neonate (e.g. weight, diagnoses that are not the reported event)
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2.3.2  Expert Assessment (Gold Standard)

Eighty-one pregnancy pharmacovigilance experts of Work 
Package 2 of the IMI-funded ConcePTION project [10] 
and the ISoP special interest group of women’s medi-
cines [13] were asked to participate in the comparative 
expert assessment of the clinical quality of a set of cases, 
in a questionnaire performed in the preceding study [9]. 
Twenty assessors were recruited. Assessors were asked 
to grade the quality of the case reports for the purpose of 
assessing the causal relationship between the suspected 
medicinal product and outcome (clinical quality) on a 
four-point scale: poor, moderate, good, excellent. They 
were asked to grade the quality on personal judgement 
only and thus did not have the quality criteria of the novel 
method available, but were guided on the definitions in 
four reference categories of poor, moderate, good, and 
excellent clinical quality (< 50%, < 75%, < 90%, ≥ 90% 
of necessary information present, respectively). All reports 
were assessed by two different assessors from different 
organisations. In case of divergence, the two assessments 
were sent to a third assessor who decided on the final 
assessment.

2.4  Data Analysis

2.4.1  Training Phase

A random subset of half of the included case reports was 
selected to use for the training of the method. In the training 
phase, the parameters of a method are tuned, meaning that 
the cut-off percentages of the categorisation of the clini-
cal quality were determined. For this, receiver operating 
characteristic (ROC) curves [14] were constructed of our 
novel standardised tool versus an expert assessment, for the 
transitions of poor to moderate, moderate to good and good 
to excellent. The areas under the curve (AUCs) were calcu-
lated. Cut-off percentages of the categories were determined 
subjectively based on the optimal balance between sensitiv-
ity and specificity determined by the ROC curves.

2.4.2  Validation Phase

In the validation phase, the performance of the fully tuned 
method was determined using the other half of the included 
case reports. Therefore, the clinical quality was categorised 
by the cut-off values as determined. Definitive sensitivity 
and specificity were calculated using cross-tabulations of the 
novel method versus the expert assessment. Inter-rater vari-
ability was calculated for both methods by Cohen’s kappa 
(weighted) on the total dataset [15]. An overview of cases 

used in both the training and validation phase can be found 
in the Electronic Supplementary Material (ESM).

3  Results

In total, 186 case reports were included, of which 93 were 
included in the training phase and 93 in the validation phase 
(Table 2).

3.1  Training

Figure 2 shows the ROC curves of the assessment of clinical 
quality using the novel method versus the expert assessment, 
in the four reference categories that were provided to the 
assessors. The blue line represents the transition from poor 
to moderate, with an AUC of 0.95 (95% CI 0.89–1.00). Red 
represents the transition from moderate to good, with an 
AUC of 0.92 (95% CI 0.86–0.95) and black represents the 
transition from good to excellent, with an AUC of 0.88 (95% 
CI 0.80–0.95). Based on the sensitivity and specificity as 
reflected by the curves and the size of the categories, it was 
determined that three, rather than four categories would suf-
fice. Moderate and good were therefore combined into one 
category ‘intermediate’ with cut-off values of 45% (poor 
to intermediate) and 65% (intermediate to excellent). The 
tables of the coordinates of the ROC curves can be found 
in the ESM.

3.2  Validation

During the validation phase, the three established categories 
of poor, intermediate and excellent were used. Sensitivity 
and specificity were calculated on the second half of the 
assessed case reports (Table 3). Sensitivity (true positive 
rate) was 0.93 and 0.96 for poor to intermediate and inter-
mediate to excellent, respectively. Specificity (true negative 
rate) was respectively 0.52 and 0.73. Inter-rater variability 
was calculated by means of the weighted Cohen’s kappa, 
with 0 indicating no agreement and 1 indicating perfect 
agreement, and was 0.65 (95% CI 0.53–0.78) for the novel 
method (after division into final categories), and 0.40 (95% 
CI 0.28–0.52) for the expert assessment (after combining 
‘moderate’ and ‘good’ into one category ‘intermediate’).

4  Discussion

4.1  Performance of the Novel Method

This study provides a novel validated and standardised 
method for the assessment of information in case reports in 
pregnancy-related pharmacovigilance data, with a sensitivity 
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of 0.93 (poor to intermediate) and 0.96 (intermediate to 
excellent) and a specificity of 0.52 (poor to intermediate) 
and 0.73 (intermediate to excellent). A requirement for the 
use of this method is that the medicinal product–event asso-
ciation is present in the case report. In the case of absence of 
the association, for example, in the case where no medicinal 
product or pregnancy outcome is reported, the case report 
is unusable for a causality assessment, independent of the 
presence and relevance of the other elements of informa-
tion. Individual case safety reports should not be submitted 
to the competent authorities if the association is missing 
[16], but TIS centres, MAHs and registries collect reports 
without a known adverse pregnancy outcome or complica-
tion. In the training and validation phase of this study, the 
medicinal product name and the outcome or complication 
of interest were present in all included reports. In reports 
used in practice, the information described may be unclear 
or ambiguous.

Of all items mentioned in Table 1, 73.7% were considered 
relevant and included in the calculation of the scores. In the 
training set, 23.9 % of the items were considered relevant 
but were not present; 46.1% of the items were considered 
relevant and were also present, and 30.0 % of the items were 
considered irrelevant. This is comparable to the validation 
set, in which 29.5 % of the items were considered relevant 
but were not present; 44.1% of the items were considered 

Table 2  Description of the 
cohort of case reports

PV pharmacovigilance, TIS Teratology Information Services

Total
186 (100%)

Training
93 (100%)

Validation
93 (100%)

Expert assessment
Poor 30 (16.1%) 9 (9.7%) 21 (22.6%)
Moderate 35 (18.8%) 14 (15.1%) 21 (22.6%)
Good 55 (29.6%) 30 (32.3%) 25 (26.9%)
Excellent 66 (35.5%) 40 (43.0%) 26 (28.0%)
Source
Spontaneous reports 25 (13.4%) 17 (18.3%) 8 (8.6%)
Literature reports 23 (12.4%) 9 (9.7%) 14 (15.1%)
TIS (UK) 28 (15.1%) 10 (10.8%) 18 (19.4%)
TIS (Switzerland) 27 (14.5%) 17 (18.3%) 10 (10.8%)
The Dutch Pregnancy Drug Register 30 (16.1%) 12 (12.9%) 18 (19.4%)
Gilenya pregnancy registry 28 (15.1%) 15 (16.1%) 13 (14.0%)
Enhanced PV programme 25 (13.4%) 13 (14.0%) 12 (12.9%)
Clinical scenario
Pregnancy loss 33 (17.7%) 19 (20.4%) 14 (15.1%)
Congenital anomalies or chromosomal defects 37 (19.9%) 18 (19.4%) 19 (20.4%)
Foetal or neo-natal complications 35 (18.8%) 18 (19.4%) 17 (18.3%)
Infant or child complications 3 (1.6%) 0 3 (3.2%)
Maternal pregnancy-related complications 33 (17.7%) 18 (19.4%) 15 (16.1%)
No adverse outcomes or complications 43 (23.1%) 19 (20.4%) 24 (25.8%)
Other 2 (1.1%) 1 (1.1%) 1 (1.1%)

Fig. 2  Receiver operating characteristic (ROC) curves of clinical 
quality assessments versus expert assessment, in four categories. Blue 
= poor to moderate, red = moderate to good, black = good to excel-
lent.
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relevant and were also present, and 26.3 % of the items were 
considered irrelevant.

Compared with a pregnancy pharmacovigilance expert 
assessment, the inter-rater variability is increased from 0.40 
(fair) to 0.65 (substantial) by using the novel method based 
on the presence and relevance of information [15]. In gen-
eral, at least substantial agreement (κ > 0.6) is considered 
to be necessary for acceptable reliability [17]. This desired 
level of agreement is achieved with the novel method, 
wherein the two assessors scored 66.7% of case reports 
in the same category, with only 2.0% of case reports rated 
as poor by one assessor and excellent by the other. For the 
expert assessment, these numbers were 50.5% for the same 
category, and 2.7% for poor by one, and excellent by the 
other.

4.2  Practical Use

High-quality data collection leads to a more reliable risk 
assessment, and thereby to improved signal detection and 
characterisation [8, 18]. A standardised method of assessing 
the quality contributes to the transparency and reproducibil-
ity and ensures a uniform method of assessing a problem, 
considering all relevant aspects.

In order to improve the clinical quality of information that 
is collected, it is important to understand the characteristics 
of the current data, and the most important data elements 
required for a clinical assessment (i.e. the clinical context). 
Knowledge of the clinical quality of reports included in any 
signal detected would provide insight into the reliability of 
the assessment of the causal relationship of that signal. A 
signal consisting of fewer case reports with excellent clinical 
quality could be of more value and weight when compared 
with a signal consisting of more case reports with poor clini-
cal quality. Furthermore, this method could be implemented 
to identify points of improvement for clinical quality, both 
in research settings and as good pharmacovigilance practice. 

When reports from a specific data source consistently lack 
a certain relevant information element, while reports from 
another source consistently collect that element, knowledge 
gained from the one source can be used to improve the col-
lection of the other source. In other words, if one source 
collects an information element very well, their method of 
collection might be implemented in a source that has more 
difficulty collecting that information element. This of course 
also applies to comparisons for reporters and reports regard-
ing different clinical scenarios. In the process of general 
pharmacovigilance, the clinical quality of reports could 
be optimised by identifying which additional information 
should be collected in the process of collecting follow-up 
data from the reporters.

The number of ICSRs analysed in this study is too small 
to draw firm conclusion on differences between the vari-
ous sources in the score for clinical scenarios, although it is 
likely that some differences might exist. In the next study, 
we aim to study differences among various sources and will 
highlight these differences in more detail.

In the majority of cases, the goal of reporting ICSRs is to 
assess the causal relationship between an adverse drug reac-
tion and the exposed drug. In pregnancy pharmacovigilance, 
however, information on cases without an adverse outcome 
also contributes to the knowledge of a drug’s safety. A suf-
ficient number of cases without an adverse outcome will 
make the absence of a detrimental effect more likely. This 
category substantially differs from the other categories of 
ICSRs related to exposure during pregnancy. It should be 
noted that, similar to cases with adverse outcomes, factors 
such as (occupational) exposure to other potential terato-
gens, pregnancy, labour and development of the child con-
tribute to a better understanding of the circumstance under 
which the exposure took place. The advantage of this novel 
method is its versatile character, which allows a tailor-made 
assessment for various clinical scenarios, including cases 
without adverse outcomes.

Table 3  Cross-tabulations of the novel method versus the expert assessment for calculation of sensitivity and specificity. A: Cross-tabulation for 
the transition from poor to intermediate. B: Cross-tabulation for the transition from intermediate to excellent

A Expert assessment

Poor Moderate/
good/excel-
lent

Novel method < 45% (poor) 11 (52.4%) 5 (6.9%)
≥ 45% (intermediate/excellent) 10 (47.6%) 67 (93.1%)

B Expert assessment

Poor/moderate/good Excellent

Novel method < 65% (poor/intermediate) 49 (73.1%) 1 (3.8%)
≥ 65% (excellent) 18 (26.9%) 25 (96.2%)
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4.3  Setting

Previous methods designed to assess the completeness or 
quality of case reports did not fulfil the requirements to 
quantify the clinical quality of pregnancy data specifically 
[2, 8]. First, because these methods were only validated on 
ICSRs, while ICSRs are only one of the many pregnancy 
pharmacovigilance data collection sources that are used in 
daily practice [1]. Second, and more importantly, because 
these methods were designed for adverse drug reactions in 
general, while reports on pregnancy data differ greatly from 
general reports in the type of information needed for a risk 
assessment.

This novel method based on the presence and relevance of 
information was designed to account for important informa-
tion for a causality assessment, namely relevance, complete-
ness and precision [8, 19]. The first step is to assess which 
information is relevant for the evaluation of a possible causal 
relationship between the medicinal product and the reported 
event. In this way, redundant information in the assessment 
will not result in an overestimation of the clinical quality. 
In the second step, all relevant information is assessed on 
its presence, consisting of both completeness and precise-
ness. This prevents the overestimation of the clinical qual-
ity due to irrelevant, ambiguous or unclear information. A 
characteristic of this tool is that the assessment of the clini-
cal quality using this method requires expertise in the field 
of pregnancy pharmacovigilance. For example, an assessor 
should have the knowledge to determine relevant risk fac-
tors for a specific association, in order to assess whether all 
necessary information is present.

4.4  Strengths and Limitations

The designed method was validated in a multitude of rel-
evant data sources and clinical scenarios. Seven pregnancy 
pharmacovigilance data collection sources were selected, 
which include most of the available primary data sources for 
this purpose. For data sources that were believed to possibly 
differ between centres or study designs, such as TIS centres 
and pregnancy or drug registries, multiple centres or studies 
were included. The included clinical scenarios (pregnancy 
loss, congenital anomalies or chromosomal defects, foetal 
or neo-natal complications, infant or child complications, 
maternal pregnancy-related complications, and no adverse 
outcomes or complications) were based on the similarity 
between the profiles of information elements that are neces-
sary for a risk assessment. This method was not validated 
for the assessment of the clinical quality of reports regard-
ing, for example delivery complications, clinical scenarios 
related to paternal medicinal product exposure during the 
periconceptional period, clinical scenarios related to the use 
of medicinal products during breastfeeding, and maternal 

non-pregnancy-related complications. The latter scenario 
could be assessed using the instrument for the assessment 
of the clinical quality of information designed by Pharma-
covigilance Centre Lareb, which was not designed for preg-
nancy data specifically, while for the other three scenarios 
an adapted version of the method described in this study 
would have to be designed [8]. For the clinical scenarios 
related to paternal medicinal product exposure during the 
periconceptional period, the proportion of cases related to 
paternal exposure is rather low. Currently, the selection and 
assessment of cases of paternal exposure are complicated, as 
both maternal and paternal factors play a role. Developing 
an extensive list of additional elements related to paternal 
exposure would be necessary. For this reason, this category 
was not taken into account. Additionally, the scenario ‘infant 
or child complications’ was vastly under-represented in the 
current dataset (Table 2). This was owing to the fact that 
these events are often more difficult to capture because of a 
limited follow-up period.

All cases were randomised and blinded for assessment, so 
that it was as difficult as possible to determine from which 
data source the data were extracted. However, the medicinal 
product could (non-definitively) be associated with specific 
data sources (e.g. all cases from the Gilenya Pregnancy Reg-
istry [Novartis] and the enhanced pharmacovigilance pro-
gramme [Novartis] were associated with fingolimod). Even 
though it is possible that other sources provided fingolimod 
cases, assessors most likely associated these cases with the 
Gilenya Pregnancy Registry and the enhanced pharmacovig-
ilance programme.

The gold standard in this study was the expert assess-
ment. Although this method is subjective and lacks standard-
isation, it is the most commonly used method for a causality 
assessment [20]. The limitations of an expert assessment, 
as demonstrated by the high inter-rater variability, can be 
minimised by using a Delphi method [21]. In this study, a 
modified Delphi method was used, in which multiple experts 
assessed each case report, and a third expert decided on the 
final assessment in the case of disagreement.

5  Conclusions

The method described in this study using the presence and 
relevance of elements of information is the first designed, 
validated and standardised method for the assessment of the 
quality of information of case reports in pregnancy pharma-
covigilance data. It provides a method with less inter-rater 
variability compared with a quality assessment by experts of 
pregnancy-related pharmacovigilance data. In future studies, 
this method can be used for the comparison of the clinical 
quality of different pregnancy data collection sources, which 
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may facilitate the improvement of pregnancy pharmacovigi-
lance data collection in general.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s40264- 023- 01389-y.
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