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Abstract

Background We performed a secondary exploratory cluster analysis on the data collected from the validation phase
of the study leading to the development of the model care pathway (CP) for Myasthenia Gravis (MG), in which a panel
of 85 international experts were asked some characteristics about themselves and their opinion about the model CP.
Our aim was to identify which characteristics of the experts play a role in the genesis of their opinion.

Methods We extracted the questions probing an opinion and those describing a characteristic of the expert from
the original questionnaire. We performed a multiple correspondence analysis (MCA) and a subsequent hierarchical
clustering on principal component (HCPC) on the opinion variables, integrating the characteristic variables as sup-
plementary (predicted).

Results After reducing the dimensionality of the questionnaire to three dimensions we noticed that the not-appro-
priateness judgement of the clinical activities may overlap with the completeness one. From the HCPC it seems that
the working setting of the expert may play a crucial role in determining the opinion about the setting of the sub-
processes of MG: shifting from a cluster where the experts do not work in sub-specialist settings to one where the
experts are working in them, the opinion changes accordingly from a mono-disciplinary setting to a multi-disciplinary
one. Another interesting result is that the experience in neuromuscular diseases (NMD) measured in years and the
expert typology (whether general neurologist or NMD expert) seem not to contribute significantly to the opinions.
Conclusions These findings might indicate a poor ability of the expert to discriminate what is not appropriate from

what is not complete. Also, the opinion of the expert might be influenced by the working setting, but not by the
experience in NMD (as measured in years).

Keywords Care pathways, Expert opinion, Cluster analysis, Myasthenia gravis, Multiple correspondence analysis,
Factorial analysis
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myocardial infarction [3], and chronic obstructive pul-
monary diseases [4]. One of the first steps towards the
development of a CP is to methodically collect the most
up-to-date evidences about a disease or a condition [5].
Then, the researcher must extract the clinical activities
and then cluster them into a set of Key Interventions
(KTI), which represents one of the active components of
the CP. The local adherence of the health care facility to
the KIs (measured with specific process indicators) will
ultimately give information about the performance of
the health care system and highlight possible evidence-
practice gaps. This process is relatively easy for high vol-
ume and high-cost conditions, for which there is plenty
of literature derived from high-quality level of evidence
studies. However, when dealing with rare diseases the
evidence is scarce or derived from low-quality sources.
In such situations, the opinion of the experts carries a
high weight to the whole evidence collected. Most of
the recent research about CPs has been focused on the
main active ingredients, such as the feedback on the cur-
rent care process [6], the strategy to improve the current
care process, or teamwork [7, 8]. To our knowledge, this
is the first attempt to analyze the expert opinion in such
a context. We believe that, since the implementation of a
CP must consider the local reality, a deeper understand-
ing of the determinants of the expert opinion could be of
help for a successful implementation. For these reasons,
we decided to perform a secondary exploratory analysis
of the data generated by the Delphi survey filled by the
experts in the context of our previous study concerning
the development of the CP of MG. Our objective was to
identify which characteristics of the experts may contrib-
ute to the generation of their opinions.

Materials and methods

Context

In 2019 the European Pathway Association (EPA) with
UCB Pharma conducted a study for developing a Model
Care Pathway for Myasthenia Gravis. The study consisted
in the following phases: literature review and assess-
ment, process analysis and care pathway design, care
pathway validation and care pathway implementation
tools. The literature review and assessment process pro-
vided 60 evidence based clinical activities, which were
then grouped into seven sub-processes: diagnostic (1);
pharmacologic management (2); speech, swallow, and
dental needs (3); occupational, physical, and respiratory
management process (4); psychological needs (5); life-
style management (6); myasthenic crisis assessment and
management (7). The activities were also compiled into
7 sub-process flow charts. In the care pathway validation
step, 85 international experts of Myasthenia Gravis were
recruited and asked to fill a questionnaire after looking
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at the sub-process flow charts. In brief, they were asked
some general information and, for every subprocess: if
it was complete, if it included not appropriate activities,
if they spot a bottleneck, and the setting where the sub-
process is currently executed. The results showed a high
level of agreement among the experts both for complete-
ness and for appropriateness of the proposed CP, and
some statistically significant regional differences in the
prevalent setting of specific sub-processes: most notably,
US experts showed a tendency towards the use of ambu-
latory setting in case of diagnosis and pharmacological
management, whereas for the same sub-process the EU
experts preferred the hospital setting. The final step led
to the definition of 14 Key Interventions and 24 related
process indicators. The full description and results of the
study are reported in the relative article [9].

Secondary analysis

This study is a secondary exploratory cluster analysis
of the data collected from the survey filled by the MG
experts in the care pathway validation phase. The survey
was conducted among 85 experts:43 from United States
(US), 35 from the European Union (EU) and 7 from
Japan (JP); the whole original questionnaire is reported
in Supplementary materials 1. We used the SoGoSurvey
platform [10] both to send the surveys and to collect the
responses.

Extraction and recoding of the original answers

From the whole original questionnaire, we extracted the
questions regarding general information about the expert
(Q1-Q7) and, for each MG CP sub-process: presence of
not appropriate activities (Qx8), judgment on complete-
ness (Qx1), presence of bottlenecks (Qx3), how many
setting identified where the sub-process is currently exe-
cuted (Qx6). We labeled the variables as “opinion” if the
relative question probed an opinion or “characteristics”
if it was related to a characteristic of the expert. For the
common settings where the sub-process is currently exe-
cuted (where the experts were allowed to enter multiple
answers), we recoded the answers as “mono-disciplinary”
if the expert reported only a single setting for the sub-
process (thus giving a judgement of relative certainty),
and “multi-disciplinary” otherwise. We excluded the
experts who did not fill completely any of the questions
extracted, for they did not express an opinion.

Factorial analysis

We performed a multiple correspondence analysis
(MCA) as a dimensionality reduction technique only
on the “opinion” variables, integrating the “characteris-
tics” as supplementary (predicted) variables. MCA is a
principal component analysis method that transforms
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categorical data into coordinates of several space dimen-
sions. The main idea shared among all the principal com-
ponent methods is to describe a dataset by using a small
number of uncorrelated variables (dimensions) limiting
the loss of information at the least possible value. In brief,
these dimensions explain a certain percentage of the total
variance. We used the indicator matrix approach, and
applied no ventilation level for the variables. After exam-
ining the resulting scree plot, the smallest number of
dimensions that relates to the largest explained variance
were kept for subsequent analysis.

Hierarchical clustering on principal components (HCPC)
We conducted a hierarchical clustering on the identi-
fied principal components (dimensions) using Ward’s
agglomeration criterion. This technique decomposes the
total variance (labeled as inertia) in between and within
group variance such that the growth of the within iner-
tia is minimum at each step. The within inertia therefore
characterizes the homogeneity of a single cluster. The
clustering hierarchy is then graphically represented by a
dendrogram which is indexed by the gain of within-iner-
tia. The algorithm also automatically provides an optimal
number of clusters, since we have no prior information
or theory about this topic.

Data analysis

All analysis were conducted with R ver. 4.1.0, R Studio
ver.2021.09.2, FactoMineR ver.2.4, FactoExtra ver. 1.0.7
and tidyverse ver. 1.3.1 packages [11-15]. The resultant
clusters were described by principal components and by
categories. The FactoMineR partition algorithm performs
a Cramer v-test (based on Chi-Square) on each variable
to detect statistically significant differences among clus-
ters. We considered statistically significant a p-value less
than 0.05. Since it is an exploratory analysis of a small
sample, we also considered quasi-significant a p-value
between 0.05 and 0.1. In the interpretation of the results,
we generated hypothesis only on the basis of the signifi-
cant and quasi-significant findings.

Results

We extracted a total of 35 out of 77 original questions for
this secondary analysis: 28 probed the expert opinions
about the care pathway and 7 concerned the characteris-
tics of the experts. The recoded map of the “Characteris-
tic” questions is reported in Table S4, while the “Opinion”
questions are reported in Table S5 in supplementary
materials. From the original 85 experts, we excluded 15
because they did not properly fill all the questions, end-
ing with 30 EU experts (42.9%), 4 JP experts (5.7%), and
36 US experts (51.4%), for a total of 70 experts.
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Factorial analysis

The first 10 dimensions extracted by the MCA
accounted for 17,1%, 16%, 10.9%, 8.1%, 5.5%, 5.3%,
4.5%, 4.1%, 3.9% and 3% of the total explained vari-
ance, respectively. After the scree plot examination,
we kept the first three dimensions for further analy-
sis, explaining for 44% of the total variance: Diml,
Dim2 and Dim3. The scree plot of the dimensions is
reported in Supplementary materials 2 (Fig. S1). Fig-
ure 1 shows the correlation of the variables with the
MCA first two principal dimensions.. The first 10
contributors to the three dimensions are reported in
Table 1. The contribution of every combination of var-
iable/category to the three dimensions and the relative
squared cosine values are reported in Supplementary
materials 2 (Table S1). A positive value of dimension 1
seems to detect an opinion of multidisciplinary current
setting for many sub-processes. The second dimen-
sion appears to describe a predominant judgement of
absence of bottlenecks along with a judgment of not
completeness of the sub-processes. Finally, Dim3 most
likely probes an opinion of not completeness of many
sub-processes (predominantly the sub-specialist ones).
The N.Ap variables are not significantly represented in
the resulting dimensions: therefore, their information
is redundant with other variables.

Hierarchical clustering on principal components (HCPC)
The partitioning algorithm suggested 4 as the optimal
number of clusters. The first cluster is composed of 5
experts, the second of 36, the third 12 and the fourth
includes 17 individuals. The resulting dendrogram is
reported in Supplementary materials (Fig. S5). The
bi-plot of individuals and the first two dimensions is
shown in Fig. 2.

Description of each cluster by quantitative variables
(opinion variables)

A graphical representation of the clusters is shown in
Fig. 3 with the resulting MCA dimensionvalues.

Cluster 1 has a mean Diml value of -0.5440.21, a
mean Dim?2 value of 0.80 £ 0.47 and a mean Dim3 value
of 0.68£0.38. Individuals belonging to this cluster
strongly declare that the sub-processes are not com-
plete (some activities are missing) and that the settings
where they are currently executed are mono-discipli-
nary; moreover, they do not identify bottlenecks.

Cluster 2 has a mean Diml value of -0.244+0.14, a
mean Dim2 value of -0.18+0.15 and a mean Dim3
value of -0.09 £ 0.12. Therefore, it comprises the experts
whose opinion about the settings is that they are mono-
disciplinary. They also think there are bottlenecks in
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Fig. 1 Plot of the squared correlation between the variables and the MCA principal dimensions. The "opinion" variables are in red, the

"characteristic" (predicted) variables in blue

the sub-processes and show a tendency towards a com-
pleteness judgment.

Cluster 3 has a mean Dim1 value of 0.24+0.39, a mean
Dim2 value of 0.49+0.14 and a mean Dim3 value of
-0.38 £0.24. The experts in this cluster do not see bottle-
necks; moreover, they repute that the sub-processes are

Table 1 Top 10 contributors to Dim1, Dim2 and Dim3

complete. The predominant opinion for the settings is
that they are multidisciplinary.

Cluster 4 has a mean Diml value of 0.49 +0.24,
a mean Dim2 value of -0.194+0.26 and a mean
Dim3 value of 0.26+£0.12. These individuals think
the settings are multidisciplinary and they say the

Dim1 (var %) Dim1 Variable Dim2 (var %) Dim2 Variable Dim3 (var %) Dim3 Variable
1 9.4602 Set.6_multi 6.2757 BN.7_No 11.6302 Cpl.6_No
2 9.0767 Set.5_multi 5.9407 Cpl4_No 10.0131 Cpl.7_No
3 8.5980 Set.3_multi 54720 Cpl.2_No 94347 Cpl.5_No
4 8.0098 Set4_multi 54194 BN.6_No 7.8866 Cpl4_No
5 6.2071 Set.1_multi 5.3254 Cpl.6_No 6.6222 Cpl.2_No
6 5.8557 Set.7_multi 5.0513 BN.2_No 5.7270 N.Ap.6_Yes
7 5.8318 Set.2_multi 4.6630 Cpl3_No 4.9483 N.Ap.7_Yes
8 4.4499 Set4_mono 43389 BN.1_No 48405 N.Ap.3_Yes
9 3.7841 Set.6_mono 42378 BN.3_No 3.6551 Cpl.3_No
10 3.6769 Set.7_mono 42137 BN.5_No 3.2584 N.Ap.5_Yes
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Fig. 2 Biplot of both individuals and the values of the first two dimensions: Dim1 and Dim2. The center of each cluster has been highlighted

sub-processes are not complete. They tend to spot
bottlenecks.

Description of each cluster by categories

of the characteristic variables

Table 2 reports the frequencies of the modalities regard-
ing the characteristic variables in the total of the sample
(Global %) and for each cluster. These findings are also
graphically shown in the heat map reported in Fig. S6
in supplementary materials. Cluster 1 shows an over-
representation of Japanese experts (40% of the cluster
individuals—p =0.024) that are currently working in a
neuromuscular disease center (20%—p=0.028). There
is also a not significant tendency of working less fre-
quently in a university center (20% versus a global modal-
ity of 58.6%—p=0.1) but more often in a private center
(60%—p=0.15). In cluster 2 the Japanese provenience is
not represented (0%—p =0.051), and, most notably, these
experts tend not to work in subspecialist settings. In fact,
none of them worked in logopedic center (p=0.051),
occupational therapy center (p=0.109), physiotherapy
or rehabilitation center (p=0.004). Cluster 3 seems not
to show any distinct characteristic in comparison to the
entire sample and therefore is the most representative of

the global results. However, we noticed that it is not the
largest cluster, with only 12 out of 70 experts (17%). The
experts included in cluster 4 show a higher level of exper-
tise, with 64.7% of them currently treating more than 20
NMD patients per month (p=0.061, global 44.2%). None
of them reported as working place a non-University
center (p=0.094). Remarkably, 94.1% (p=0.04) worked
in ambulatory as well as other specialist settings: logo-
pedic center (17.65%—p=0.044), occupational therapy
center (11.76%—p =0.157), physiotherapy or rehabili-
tation center (23.53%—p =0.062). The expert typology
(NMD neurologist or general neurologist) or the expe-
rience in NMD measured in years appear not to change
significantly among the clusters.

Discussion

The aim of this exploratory analysis was to analyze more
in depth the expert opinion and its determinants when
high quality evidence is lacking, such as when dealing
with the development of a care pathway concerning a
rare disease. From this cluster analysis some interesting
results emerged: the first remarkable aspect is the poor
representation of the not appropriateness variables in the
factorial analysis. Even if the principal study highlighted a
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high level of agreement both on completeness and appro-
priateness (over 90%) [9], this may indicate a poor abil-
ity of the experts to discriminate what is not appropriate
from what is not complete. In case of local implementa-
tion of a CP, this characteristic requires some considera-
tion because it may lead to different outcomes: if the CP
is not complete the main concern is that the patient may
take unnecessary risks; conversely, if the CP contains not
appropriate activities, the main issue is that the health
care organization is wasting resources. Although both
these aspects will ultimately have a negative impact on
the patient health outcomes, the correctional measures
to be employed are much different: where it may be easy
to eliminate a not appropriate activity (at least in theory),
it is not as easy to introduce a missing clinical activity.
In fact, to add a missing activity in a CP would require a
new round of validation among the experts. The cluster
analysis clearly identified 4 different kinds of experts.

The expert from cluster 1 thinks that the care MG set-
ting is multidisciplinary, does not spot bottlenecks and
gives a completeness judgment. In this cluster most of the
experts were not working in a NMD center. Moreover,
the Japanese provenience is over-represented (40%): this
may be due to the fact that there are few NMD centers in

Japan, probably reflecting one of the smallest prevalence
of M@ as estimated in a recent study [16]. Lastly, the uni-
versity workplace is underrepresented in favor of a higher
frequency of private center working experts. Therefore, it
seems that these experts have the least academic exper-
tise of the whole panel, and their characteristics suggest
that their tendency towards monodisciplinary settings
might be related to a profession practiced predominantly
in a private and not university workplace.

The second cluster main opinions include a mono-
disciplinary setting with spotted bottlenecks and a
completeness judgment of the sub-processes. The sub-
specialist working settings in this cluster are clearly
under-represented. We therefore reasonably think that,
as the working setting shifts from sub specialist to hos-
pital centered, the expert changes his opinion from not
completeness to completeness, begins to spot bottle-
necks, but he is still sure about the settings in which the
sub-process are currently executed.

Cluster 3 is the most similar to the global results of the
panel of experts. Even though some differences arise,
none of them reached even quasi-significance, with the
least p-value of 0.155 for the working setting of hospital
ambulatory. Therefore, this cluster represents a sort of
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Table 2 Predominant opinions and characteristics of the clusters. **=p <0.05 *=p <0.1

Global % Cl.1% p Cl2% p Cl.3% P Cl.4% p

(n=70) (n=5) (n=36) (n=12) (n=17)
Predominant opinion: Setting Mono Mono Multi Multi
Predominant opinion: Bottleneck No Yes No Yes
Predominant opinion: Completeness No Yes Yes No
Region of origin: EU 42.86 40 0917 47.22 0461 4167 0.938 35.29 0.489
Region of origin: JP 571 40 0.024** 0 0.051* 833 0.671 5.88 0.927
Region of origin: USA 5143 20 0.184 52.78 0.821 50 0917 58.82 0.501
Expert type: General Neurologist 48.57 60 0.633 50 0.811 41.67 0619  47.06 0.892
Expert type: NMD Neurologist 5143 40 0.633 50 0.811 5833 0.619 5294 0.892
Currently working in a NMD center 70 20 0.028** 6944 0.921 75 0.714 82.35 0.217
N° of patients treated/month: > 20 44.29 40 0.868 38.89 0.363 3333 0427  64.71 0.061*
N°of patients treated/month: < 5 7.14 20 0.355 833 0.724 8.33 0.822 0 0.237
N° of patients treated/month: 5-20 4857 40 0.724 5278 0482 5833 048 3529 0.225
Experience in NMD:> 10 years 70 60 0.63 63.89 0.267 75 0.714 82.35 0.217
Experience in NMD: < 5 years 7.14 20 0.355 8.33 0.724 0 0379 5.88 0.886
Experience in NMD: 5—10 years 22.86 20 0.941 27.78 0.332 25 0.828 11.76 0.229
Working place: not for profit center 2.86 0.861 0 0.232 833 0343 588 0486
Working place: not University center 11.43 0.535 16.67 0.182 16.67 0.547 0 0.094*
Working place: private center 28.57 60 0.158 22.22 0.242 25 0.799 35.29 0.494
Working place: public center 14.29 20 0.695 11.11 0461 833 0.585 2353 0.248
Working place: University center 5857 20 0.1 63.89 0.367 5833 0.978 58.82 0.988
Working setting: hospital ambulatory 75.71 100 0.237 69.44 0.225 5833 0.155  94.12 0.04*
Working setting: day-hospital 24.29 0 0.237 2222 0.69 3333 0443 2941 0.579
Working setting: hospital ward 64.29 80 0.51 55.56 0.127 75 0425 7059 0.557
Working setting: logopedic center 571 20 0.285 0 0.051* 0 0463 17.65 0.044**
Working setting: occupational therapy center 4.29 20 0.214 0 0.109 0 0.564 11.76 0.157
Working setting: other 143 0 0.929 2.78 0514 0 0.829 0 0.757
Working setting: physiotherapy / rehabilitation center 10 20 0.494 0 0.004** 16.67 0436  23.53 0.062*

reference cluster, representative of the whole panel and
no deduction nor speculation can be made on the basis
of these results.

The cluster number 4 shows the predominant opinion
on multidisciplinary settings, with subprocesses reputed
not complete but with spotted bottlenecks. These experts
are not working outside a university center (0%), often in
sub-specialist settings. Given also that the experts treat-
ing more than 20 MG patients on a regularly monthly
basis are over-represented, we can summarize this cluster
as the one with the most expertise.

From the comparison among clusters, the first remark-
able aspect is that, shifting from cluster 2 to cluster 4, as
the working setting becomes more sub-specialistic, the
opinions tend to move from a completeness judgement to
a not completeness one. This may indicate a link between
the working setting of the expert and his/her opinion
about the completeness. Moreover, as expected, the opin-
ion about the settings changes to multidisciplinary, prob-
ably reflecting the expert wide knowledge and experience

of the settings. However, the opinion about bottlenecks
appears not to be influenced by the working setting.

Interestingly, there are some characteristics that do not
differ significantly among the clusters: the expert typology
(whether general neurologist or NMD neurologist) and
the experience in treating NMDs as measured in years.
We think that the expert typology question may probe
an opinion rather than a characteristic: since no official
sub-specialty degree about NMD is currently recognized,
the expert answered this question based on what he/she
thought of himself/herself, rather than based on an own
objective characteristic. The experience in NMD treatment
measured in years, instead, appears not to be relevant as a
determinant of the opinion of the experts in this field of
rare diseases: we may speculate therefore that five years in
treating this kind of patients is sufficient for a neurologist
to be labeled as a NMD expert. This is different from what
happens in other specialist medical fields such as the surgi-
cal ones, where practical experience clearly carries a major
weight in defining a professional an “expert”.
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Strength of the study

The role of experience and other factors in the genesis of
opinion is already demonstrated in other scientific fields
of research such as climate change [17, 18], health deter-
minants and social policy [19] or behavioral finance [20],
and it remains a common subject of scientific study. Even
in decision-making circumstances the opinion some-
times carries a high weight [21]. Despite this recognized
importance and the already known difficulties to imple-
ment care pathway in local realities [22, 23], the expert
opinion in this field of knowledge is still poorly investi-
gated, even though it often provides the best evidence
when dealing with rare diseases. To the author’s knowl-
edge, this is the first attempt to analyze the expert opin-
ion more in depth, given the fact that there is still an
acknowledged need of its contribution in many medical
specialties [24, 25].

Limitations of the study

This study, being an exploratory analysis, has some major
limitations and its results must be cautiously interpreted.
Firstly, the analysis was conducted on a restricted panel
of 70 MG experts. Therefore, we cannot be sure that
these results are valid for the whole population of MG
experts, or for diseases or conditions different from MG,
or for any context different from the development of a
care pathway. Secondly, the original questionnaire was
designed for a different purpose study design; hence, to
confirm these findings, a specific questionnaire and study
must be created, validated, and ultimately conducted.
Finally, as the opinions frequently change for many (even
unknown) reasons, we cannot be sure that these find-
ings will be still valid in the future. We did not plan a new
round of validation of our results with the same experts
because of legal reasons. However, we are considering to
include in our further studies about CPs a specific analy-
sis of the expert opinion which implies a validation of the
results with a second round.

Conclusion

The study of the determinants of the opinion when high
quality evidence is scarce may be important to avoid
incorporation of wrong concepts into guidelines, litera-
ture or, worse, CPs. Since the implementation of a CP
must consider the local reality, to have deep knowledge of
opinions may be of help in a successful implementation,
and in reaching the quadruple aim of enhancing patient
experience, improving population health, reducing costs
and improving the work life of health care providers [26].
With this exploratory analysis we highlighted which char-
acteristics of the experts might contribute to the genesis
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of their opinion. In brief, workplace and working settings
seems to influence the opinions on completeness, set-
tings and bottlenecks spotting of the MG care pathway
sub-processes. On the contrary, such opinions might not
be conditioned significantly by the provenience of the
expert, years of experience or by the monthly volume
of MG patients treated. Therefore, this study provides
a rationale for developing more robust design studies
to assess the relationship between the characteristics of
the experts and their opinions, for a deeper understand-
ing of the determinants of the opinion of clinical experts.
Should these insights be confirmed, a recommendation
of a more frequent interchange of MG experts among the
NMD centers and among different sub-specialist settings
might be made, because the more they experience differ-
ent realities, the more accurate their opinions will be and
the better their discrimination skills will be. Moreover,
local implementer of pathways should be aware of the
kind of local expert they are dealing with for a successful
implementation because the opinions may also condition
the resistance to organizational change, often required by
the implementation process. Even if these insights may
be of help in this aspect, further studies in this sense are
strongly recommended. Finally, an overlap between non-
appropriateness and completeness opinions might exist.
More robust studies about this topic are recommended
because a missing activity is much different from a non-
appropriate activity both in terms of their consequences
and in terms of correctional measures, and care pathway
developers and local implementer must be aware of it.
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