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Abstract: The main aim of the present study was to explore health professionals’ reported experiences
and approaches to managing children who receive a designation of cystic fibrosis transmembrane
conductance regulator-related metabolic syndrome/cystic fibrosis screen positive inconclusive diag-
nosis following a positive NBS result for cystic fibrosis. An online questionnaire was distributed via
Qualtrics Survey Software and circulated to a purposive, international sample of health professionals
involved in managing children with this designation. In total, 101 clinicians completed the online sur-
vey: 39 from the US, six from Canada, and 56 from Europe (including the UK). Results indicated that
while respondents reported minor deviations in practice, they were cognizant of recommendations in
the updated guidance and for the most part, attempted to implement these into practice consistently
internationally. Where variation was reported, the purpose of this appeared to be to enable clinicians
to respond to either clinical assessments or parental anxiety in order to improve outcomes for the
child and family. Further research is needed to determine if these findings are reflective of both a
wider audience of clinicians and actual (rather than reported) practice.

Keywords: cystic fibrosis; newborn bloodspot screening; CFTR-related metabolic syndrome; cystic
fibrosis screen positive; inconclusive diagnosis

1. Introduction

Newborn screening (NBS) for cystic fibrosis (CF) has many benefits, including im-
proved health outcomes for the affected child [1,2]. Screening algorithms for CF differ
internationally [3,4]. First-tier testing generally consists of measuring immunoreactive
trypsinogen (IRT); second-tier testing differs considerably between programmes and in-
cludes IRT, pancreatitis-associated protein (PAP), and/or DNA. In most cases, diagnosis of
CF after a positive NBS result is straightforward; the most reliable and widely available test
for diagnosing CF is the sweat chloride (SC) test [5]. Following SC testing, most children
with a positive NBS result will be confirmed as affected by or carriers of CF. However,
identification of infants with an inconclusive diagnosis after a positive NBS result—termed
cystic fibrosis transmembrane conductance regulator (CFTR)-related metabolic syndrome
or CF Screen Positive Inconclusive Diagnosis (CRMS/CFSPID) is an increasingly recog-
nized outcome [6]. Children with CRMS/CFSPID have either a normal sweat chloride
(<30 mmol/L) and two CFTR mutations (at least one of which has unclear phenotypic
consequences) or an intermediate sweat chloride value (30–59 mmol/L) and one or no
CFTR mutations [7]. The incidence of CRMS/CFSPID varies internationally depending on
the population and algorithms used; it is unclear how many of these children will go on to
develop CF [8–12]. Whilst NBS protocols that do not employ DNA analysis will recognize
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significantly fewer infants with CRMS/CFSPID, this is often at the expense of performance
with respect to positive predictive value and sensitivity [13].

Historically, internationally, there have been variations in terms of the way these
children were managed and even the terminology used. Management of these infants is
still evolving with increasing experience and reporting of relevant outcomes [13]. These
children have, in most cases, a good prognosis and there is no evidence for improvement
through early treatment. Those who convert to a CF diagnosis may benefit from early
interventions to prevent long-term complications [13]. However, it is not clear which
children this applies to or how frequently they should be monitored [10,11,13]; the reported
proportion of children who convert from CRMS/CFSPID to a CF diagnosis and the age
at which this occurs varies from 2–48% at <1–5 years of age [8–12,14]. Findings of studies
suggest initial IRT and SC values are higher in children with a CF diagnosis following
NBS compared to children with CRMS/CFSPID [9–12,14,15]. Additionally, P. aeruginosa
colonisation was less common in children with CRMS/CFSPID compared to children with
a diagnosis of CF [9,12,15]. The risk of developing a CFTR-related disorder defined as,
“ . . . clinical conditions that are recognised to be associated with abnormality of the CFTR gene but
are not CF” [13], is not yet quantified. A limited number of studies have been conducted
to explore how these children are being managed in practice. One study in Italy found
varied practice with regard to sweat testing, chest x-ray, and salt supplementation [14].
Similarly, a study conducted in Switzerland also found varied practice with regard to sweat
testing; only 16 children (53%) had a second sweat test and ongoing care; only half of
the children with a CRMS/CFSPID designation were being cared for by a primary care
physician (PCP)/general practitioner (GP) or a paediatrician [16].

In 2015, recommendations were made regarding the management of these infants,
which included 31 consensus statements [7]. Updated guidance for the management
of children with CRMS/CFSPID was published in 2020 [13]. These highlight lack of
data currently available regarding the risk of infants with CRMS/CFSPID converting to
a CF diagnosis. The nature of CRMS/CFSPID means it is difficult to provide clear and
accurate information regarding long-term outcomes for these children. This uncertainty can
cause parents additional anxiety [17–19], and therefore communication must be managed
effectively but also consistently.

The main aim of the present study was to explore health professionals’ reported expe-
riences and approaches to managing children who receive a designation of CRMS/CFSPID
following a positive NBS result.

2. Materials and Methods

A questionnaire (Supplementary files) was developed via Qualtrics Survey Software.
This was circulated to a purposeful, international sample of health professionals involved
in managing children with a CRMS/CFSPID designation. Ethical approval was granted by
the Research Ethics Committee at City, University of London (ETH1920-0952).

The survey link was circulated to members of the European CF Society (ECFS) Neona-
tal Screening Working Group (NSWG) (n = circa 400 Worldwide, it is not known how
many of these met the eligibility criteria) and representatives from each US state to the CF
Foundation NBS quality improvement consortium (n = 50) between November 2020 and
March 2021.

The online survey started with questions aimed at gathering demographic data such
as country of work, job title, the number of years working with children with CF, and a
CRMS/CFSPID designation. This was followed by questions related to clinicians’ reported
experiences of designating the child as having CRMS/CFSPID, ongoing management of
children with a CRMS/CFSPID designation, and their family, including if and how the con-
sensus statements for CRMS/CFSPID are implemented in practice. Finally, communicating
with professionals outside of the CF team about the child’s CRMS/CFSPID designation.
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Data Analysis

Quantitative (demographic and closed-ended questions) data were analysed using
simple descriptive statistics. Qualitative data (open-ended questions) were analysed us-
ing qualitative content analysis [20]. An inductive approach was used focussing on the
manifest meanings.

3. Results
3.1. Demographic Data

In total, 101 clinicians completed the online survey: 39 from the US, six from Canada,
and 56 from Europe (including the UK). Participant characteristics including job title, years
working with children with CF, and years working with children with CRMS/CFSPID
can be seen in Tables 1 and 2, respectively. The majority of respondents were doctors
(n = 76, 75%), most had worked with children with CF for over 15 years (n = 73, 72%), but
CRMS/CFSPID less than 15 years (n = 75, 74%).

Table 1. Job title of study participants.

Job Title US Canada Europe

Centre Director 6 3
Doctor 30 3 43
Laboratory Staff 1
Newborn screening co-ordinator 1
Nurse/Nurse practitioner 3 1
Paediatric Programme Director 1
Professor/Associate Professor 1 7
Research Scientist 1
Total 39 6 56

Table 2. Years working with children with CF and CRMS/CFSPID.

Number of Years Working with Children with CF Working with Children with CRMS/CFSPID

US Canada Europe US Canada Europe

0–4 1 2 2 1 11
5–9 5 1 7 9 1 11
10–14 6 6 22 3 15
15–19 6 1 11 2 1 14
20–24 6 3 11 3
25–29 6 7 1
30–34 8 8 1
35–39 1 4
40–44 1 1
Not answered 3
Total 39 6 56 39 6 56

3.2. Initial Consultation after a Positive NSB Result

Most respondents reported performing a multitude of tests during the initial assess-
ment following the positive NBS result to reach the CRMS/CFSPID designation. These
included: sweat test (n = 99, 98%); extended CFTR analysis (if the genotype was incomplete)
(n = 82, 81%); collection of a stool sample for measurement of fecal elastase (n = 80, 79%)
and less frequently: upper airway respiratory culture (e.g., oropharyngeal, nasopharyngeal
or cough swab) (n = 13, 13%); chest x-ray (n = 4, 4%) and liver function tests and/or
electrolytes (n = 2, 2%).

Following the initial assessment, in terms of information provision, respondents
reported commonly discussing the fact that while the NBS result had been positive, further
testing had indicated the result was inconclusive for CF:
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“I tell them that the newborn screen was abnormal but that the sweat test was not positive
for cystic fibrosis”. (US10)

Consequently, several respondents acknowledged the need to provide reassurance to
the family due to the perceived impact of the uncertain outcome for the family.

“ . . . empathize that this is a not a good place for the family”. (Europe52)

Many respondents also indicated that once the CRMS/CFSPID designation has been
determined, they would inform the child’s family that the child is well and would be
unlikely to require treatment but would need to be followed up to monitor any changes
on their health status that may be indicative of them converting to a CF diagnosis or
developing a CFTR related disorder.

“Their child is likely to remain well, should not need treatment, and will be unlikely to
develop symptoms suggestive of CF but this may change over time and this means that
their child will need review through their childhood”. (Europe41)

Despite emphasizing that the child was well and did not have CF, respondents, par-
ticularly in the US, reported that they would discuss signs and symptoms of CF with the
family during this initial consultation.

“They have a child . . . that is indeterminate for full diagnosis of CF but it may develop
over time, therefore necessitating we follow them intermittently to monitor for disease
before obvious signs and symptoms, specifically end organ injury . . . ” (US18)

Most respondents indicated details of children who had been given a designation of
CMRS/CFSPID would be stored on the relevant CF Registry (n = 75, 74%), n = 15 (15%)
stated there was not a national database where the child’s details could be stored, and n = 4
(4%) stated these would be stored on a separate CRMS/CFSPID registry, n = 7 (7%) did
not respond.

3.3. Ongoing Management of Children with a CRMS/CFSPID Designation

Clinicians were asked a series of closed-ended questions about the ongoing manage-
ment of children with a CRMS/CFSPID designation. Responses to these are summarized in
Table 3. The Chi-Square test was used to determine any statistically significant differences
between management strategies in the US and Europe (Canada was excluded from analysis
due to the low response rate). Significantly more respondents in the US compared to
Europe reported they would not manage children with an intermediate sweat chloride
value (30–59 mmol/L) and one or no CFTR mutations, differently when compared with
those children with a normal sweat chloride (<30 mmol/L) and two CFTR mutations, at
least one of which has unclear phenotypic consequences (χ2 = 14.631, d.f. 1, p < 0.01). For
those who would manage them differently, responses to an open-ended question revealed
this was reportedly due to those with an intermediate sweat chloride being considered
more likely to display symptoms and convert to a CF diagnosis or develop a CFT- related
disorder. Respondents stated their intention would therefore be to follow up these infants
more frequently, although the intended frequency was variable. Other differences included
offering sodium supplementation, particularly in the summer, oral antibiotics for a new
cough, regular respiratory cultures, and advice regarding ‘high risk’ activities such as using
aerated baths.
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Table 3. Summary of current management for children with CRMS/CFSPID designation (* p < 0.05,
** p < 0.01).

Question

Responses: US n = 39, Canada n = 6, Europe n = 56 Total

Yes No Unanswered

US Canada Europe US Canada Europe US Canada Europe 101

Do you manage children with (a) Normal
sweat chloride (<30 mmol/L) and two
CFTR mutations, at least one of which
has unclear phenotypic consequences
(b) Intermediate sweat chloride value
(30–59 mmol/L) and one or no CFTR
mutations, differently

5 ** 2 27 ** 33 ** 3 29 ** 1 1 0 101

Do you follow up infants with a
CRMS/CFSPID designation in a
specialist CF clinic?

37 5 50 2 1 6 0 0 0 101

Do any policies exist to ensure the infant
is not exposed to any increased risk of
cross infection?

36 4 45 1 1 4 2 1 7 101

Do you offer these infants a repeat sweat
test at any point? 39 6 52 0 0 2 0 0 2 101

Do you review the CFTR-2/CFTR-France
website prior to the review? 32 4 50 4 0 4 3 2 2 101

Do you do any respiratory cultures at the
review appointment or at any
other times?

35 5 48 1 0 6 3 1 2 101

Do you offer families a referral for
genetic counselling? 29 * 5 51 * 7 * 0 2 * 3 1 3 101

Is there a national database where the
infants’ details can be stored? 35 5 39 1 0 14 3 1 3 101

Do you think a review for children with
CRMS/CFSPID who are discharged from
specialist care, should be organised when
the child is a young adult to
communicate information directly to
them, as per recent guidance?

33 5 50 2 0 3 4 1 3 101

“ . . . we would advise oral antibiotics for a new cough lasting 48 h, and would take a
cough swab if lasting 2 weeks . . . .to avoid activities at high risk for CF pathogens (eg
jacuzzi) . . . we advise there is a small chance (possibly around 10%) of them at some
point in the future being recategorized as atypical CF”. (Europe14)

Almost all (n = 92, 91%) respondents reported that they would follow up infants with
a CRMS/CFSPID designation in a specialist CF clinic. Reasons for not seeing these infants
in a specialist CF clinic included: viewing it as unnecessary (n = 3, 3%), children being seen
by a specialist but not in a CF clinic (n = 3, 3%), and concern this may confuse parents and
make them think their child had CF (n = 2, 2%), n = 1 (1%) did not provide a reason). Of
those who did see children in a specialist CF clinic, most (n = 85, 92%), reported policies
were in place to ensure infants with a CRMS/CFSPID designation were not exposed to
an increased risk of cross-infection while attending clinic appointments (n = 6, 7%) stated
there would not be specific infection control policies and n = 1, (1%) did not respond to this
question. Reasons for not having policies in place included: lack of capacity (time, space, or
staff) (n = 3, 3%), and not feeling it is necessary due to there being no evidence that infants
with a CRMS/CFSPID designation are at increased risk of infection (n = 3, 3%). Where
policies did reportedly exist, these were multifaceted and most commonly consisted of staff
washing their hands before and after the consultation (n = 84, 99%), each child is placed in
a separate room (n = 69, 81%), the staff is required to wear apron and gloves during the
consultation (n = 51, 60%) as well as the child is seen at the beginning or end of the CF
clinic (n = 29, 34%) or in a separate clinic to children with CF (n = 19, 22%).

Almost all respondents (n = 97, 96%) reported offering children with a CRMS/CFSPID
designation a repeat sweat test following the initial consultation (n = 2, 2% stated they did
not and n = 2, 2% did not respond). Of those who reported offering a repeat sweat test,
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48 (49%) stated this would happen when the child was six months of age, and a further
22 (23%) stated this would happen when the child was 12 months of age. The remaining
respondents (n = 27, 28%) undertook more than one repeat sweat test on these infants, the
frequency of which ranged from every six months until the child reached seven years of
age to this being variable and/or as needed.

In terms of information gathering prior to review of children with a CRMS/CFSPID
designation, n = 86 (85%) of respondents reported they would consult the CFTR-2/CFTR-
France website prior to the review, n = 8, (8%) stated they would not, and n = 7 (7%) did
not answer. Of those who would not access the CFTR-2/CFTR-France website n = 3 (38%)
stated this was because it was viewed as being too difficult or time-consuming to access,
n = 1 (13%) stated they viewed it on an as needed basis, rather than prior to each review
and n = 4 (50%) did not provide a reason. For those who reported that they would check the
CFTR-2/CFTR-France website prior to the review, n = 75 (87%) provided specific reasons
for doing so which included: obtaining up to date information about specific mutations
(n = 36, 41%), informing clinical decision making/management of the child (n = 22, 26%),
gaining information about the prognostic outcomes associated with different mutations
(n = 12, 14%), and to facilitate providing up to date information to the family (n = 5, 6%).

Reported timing and frequency of reviews was variable (ranging from three-six-
monthly to not until the child reached age five-six years of age) but for those infants with
no clinical concerns, most respondents (n = 80, 79%) indicated the intention to review
them annually. Respondents indicated they took a multitude of factors into considera-
tion when determining how frequently they would undertake reviews of children with a
CRMS/CFSPID designation. These included: clinical assessment (including respiratory,
abdominal and nutritional assessment) (n = 94, 93%), the sweat chloride value (n = 81,
80%), parental anxiety (n = 80, 79%), respiratory cultures (n = 66, 65%), the NBS result
(n = 53, 52%), pulmonary function (n = 36, 36%), chest x-ray findings (n = 30, 30%), chest
computerized tomography scan results (n = 8, 8%), genotype (n = 5, 5%), local guidelines
(n = 2, 2%) and pancreatic elastase (n = 1, 1%). The most frequent tests or measurements
that would reportedly be undertaken as part of or in preparation for, review appointments
included: respiratory cultures (n = 85, 84%), pulmonary function tests (n = 81, 80%)—most
commonly these were done once the child reached >5 years of age and fecal elastase (n = 65,
64%). Of those who would obtain respiratory cultures, n = 37 (43%) stated they would
perform these annually, n = 15 (18%) stated they would perform these at every visit and
n = 13 (15%) stated they would only perform these if the child was symptomatic (for the
remainder, n = 20, 24%, timing of respiratory cultures was variable).

For children with a CRMS/CFSPID designation who reach six years of age in good
health with normal growth, lung function and imaging, and normal sweat chloride values,
and are therefore unlikely to convert to a diagnosis of CF, n = 42 (41%) reported they would
continue regular specialist review either as part of the CF clinic or in a separate clinic
(this could be ‘virtually’ for example as an annual telephone call or video consultation).
A further n = 22 (22%) reported they would discharge the child from CF specialist care,
but offer a further isolated specialist review as the child reaches adolescence (at the age
of around 14–16 years and n = 21 (21%) reported they would discharge the child from CF
specialist care, with follow-up in primary care by a PCP/GP. For n = 9, (9%), responses
varied and indicated no consistent policy existed, n = 7 (7%) did not respond.

The majority (n = 88, 87%) of respondents agreed that for children with CRMS/CFSPID
who are discharged from specialist care, a subsequent review should be considered when
the child is a young adult, to communicate the information directly to them, n = 5 (5%) felt
they should not be offered a review and n = 8 (8%) did not respond. For those who felt
children should be reviewed, nine (10%) felt the review should take place when the child
was aged between 6–12 years, the majority n = 68, (77%) felt this should happen between
the ages of 13–18 years with n = 19 (28%) of these believing it should happen when the
child reached age 18 years, and n = 6 (7%) felt the review should happen between the ages
of 18–21 years, n = 5 (6% did not respond).
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3.4. Support Outside the CF Team

Responses indicated that advice regarding when parents should seek medical advice
about their child and advice given to the child’s PCP/GP were consistent; this is summa-
rized in Table 4. In terms of health promotion advice, n = 87 (86%) respondents stated they
would advise parents that their child should follow the national immunization programme
(n = 7, 7% did not respond). In addition, n = 86 (85%) stated they would advise parents that
their child should not be exposed to cigarette smoke, n = 83 (82%) stated they would advise
children and their families to adopt a healthy lifestyle consistent with national guidance on
exercise, nutrition and other aspects of public health policy, n = 1 (1%) stated they would
promote breastfeeding over the age of six months and advise parents to avoid community
care for their child for the first two years of their life, n = 1 (1%) stated that they would
advise families that their environment should be pseudomonas free and n = 1 (1%) said
they would provide advice regarding family planning (n = 9, 9% did not respond).

Table 4. Advice for parents and primary care practitioners (PCPs)/general practitioners (GPs)
regarding when parents should seek medical advice.

Symptoms Advice to Parents
n, (%)

Advice to PCPs /GPs
n, %

Persistent respiratory symptoms
lasting more than 2 weeks 94 (93) 86 (85)

Failure to gain weight 90 (89) 86 (85)
Persistent loose stools 80 (79) 80 (79)
Sinus issues 3 (3) 4 (4)
Any other concerns 3 (3) 4 (4)
Pancreatitis 2 (2) 3 (3)
Digestive symptoms 2 (2) 1 (1)
Evidence of salt loss 1 (1) 2 (2)
Jaundice 1 (1) 1 (1)
Abdominal pain
Constipation 1 (1)
Results of swabs 1 (1)

Significantly more respondents in Europe compared to the US reported they would
offer families a referral for genetic counselling (χ2 = 5.792, d.f. 1, p = 0.02). Of the 85 (84%)
respondents who said they would offer a referral, n = 63 (74%) stated they would discuss
this at the initial consultation with the family, n = 10 (12%) stated they would discuss this
during the annual review, n = 5 (6%) said this would be dependent on the family, n = 4
(5%) said they would do this during the first year and n = 3 (4%) stated it would be during
their first visit. In terms of how long it would take for the family to be seen following the
referral, n = 13 (15%) reported that the family would be seen by the genetic service during
the initial visit following the positive NBS result, n = 64 (75%) reported the family would be
seen before the baby reached 6 months of age, and n = 4 (5%) reported they would be seen
when the baby was between 6–12 months of age. The remaining n = 4 (5%) respondents
indicated this would vary.

4. Discussion

Identification of infants with an inconclusive diagnosis after a positive NBS result,
designated CRMS/CFSPID leads to uncertainty for both families and healthcare profes-
sionals [6]. Recent, updated guidance on the management of these infants aimed to ensure
more consistent and appropriate care pathways are employed [13]. Results of the present
study indicated that while respondents reported minor deviations in practice, they were
cognizant of recommendations in the updated guidance [13], and for the most part, the
intention was to implement these into practice consistently internationally. However, this
is not consistent with studies that have collected clinical data (rather than reported practice)
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for children with a CRMS/CFSPID designation which have demonstrated inconsistent
practice both in relation to sweat testing and follow-up [14,16].

Respondents in the present study reported using a multitude of tests during the
initial assessment to confirm the CRMS/CFSPID designation including clinical evaluation,
sweat testing, extended CFTR analysis if the genotype was incomplete, and a collection
of stool sample for measurement of fecal elastase; these were commensurate with those
recommended in the update guidance [13]. Following the initial assessment and due to
the uncertainty associated with the CRMS/CFSPID designation, it is vital that the initial
communication of the CRMS/CFSPID result to the family is clear and consistent [13]. This
is important since previous research has highlighted that poor communication of positive
NBS results to families can influence parental outcomes in the short term [21–26] but may
also have a longer-term impact on children and families [27]. In the present study, as per
the updated guidance [13], respondents reported that they would emphasize to parents
that their child is well, does not have CF but will need to be followed up. Respondents also
acknowledged the uncertainty the CRMS/CFSPID designation created for families and
were empathetic with regard to their information needs in relation to this.

In the present study, significantly more respondents in the US compared to Europe
(χ2 = 14.631, d.f. 1, p < 0.01) reported they would not manage children with a normal
sweat chloride (<30 mmol/L) compared to children with an intermediate sweat chloride
value (30–59 mmol/L), differently. Those who reported they would be managed differently
indicated this was due to those with an intermediate sweat chloride being considered
more likely to display symptoms and convert to a CF diagnosis or develop a CFTR related
disorder. This reflects evidence which suggests infants with an initial intermediate sweat
chloride concentration are more likely to convert to a CF diagnosis than those in whom the
initial value was normal [8,9,12].

Almost all (n = 92, 91%) respondents in the present study reported they would follow
up infants with a CRMS/CFSPID designation in a specialist CF clinic which would enable
them to follow recommendations regarding prevention of potential cross-infection [13].
This contradicts findings from a study in Switzerland which found that in practice, only
half of the children with a CRMS/CFSPID designation were receiving ongoing follow-up
by a PCP/GP or pediatrician [16]. In terms of ongoing clinical management, the updated
guidance recommends that children should have repeat sweat testing performed when
the child is aged six months, two years, and six years of age; respiratory, abdominal, and
nutritional assessment when the child is 6 and 12 months of age and then annually and
respiratory culture and chest imaging if clinically indicated [13]. In the present study,
most participants reported that the repeat sweat test would take place when the child was
either six months (n = 48, 49%) or 12 months of age (n = 22, 23%) with only n = 27 (28%)
reporting that more than one repeat sweat test would be undertaken; the frequency of
which ranged from every six months until the child reached seven years of age to this
being variable and/or as needed. This is contracted in a study reporting actual practice in
Switzerland which found that nearly half of the children with a CRMS/CFSPID designation
had no follow up with a second sweat test [16]. The findings of the present study indicated
that the frequency with which reviews were undertaken would be influenced by parental
anxiety. Few studies have explored parental experiences and responses to being told
their child has a CRMS/CFSPID designation. Those that have, have highlighted that the
uncertainty associated with receiving a CRMS/CFSPID designation for their child led to
emotional distress. For instance, a study in America found that uncertainty associated
with ambiguity as the screening and diagnostic results were perceived to be contradictory,
the unknown disease trajectory and difficulty distinguishing between normal childhood
problems from those associated with CF was central to parent’s experiences of receiving
their child’s CRMS/CFSPID designation [17]. Similarly, parents in a more recent study
conducted in England described communication of the CRMS/CFSPID result as intrusive
and traumatic followed by feelings of fear and grief [18]. Therefore, acknowledging the
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potential emotional distress caused by this uncertain outcome and using this to inform
timing and frequency of reviews was considered a positive outcome of this work.

Current evidence suggests that for most children who are six years of age in good
health with normal growth, lung function and imaging, and normal sweat chloride values
(<30 mmol/L), conversion to a diagnosis of CF is unlikely [12]. Despite this, nearly half
of respondents n = 42 (41%) in the present study reported they would continue regular
specialist review either as part of the CF clinic or in a separate clinic. Furthermore, the
majority (n = 88, 87%) of respondents agreed that children with CRMS/CFSPID should be
offered a further review when the child is a young adult, to enable information about the
CRMS/CFSPID designation to be communicated directly to them. While this reflects the
update guidance in terms of a review taking place [13], the age at which this review should
take place was variable and ranged from 6–21 years.

In terms of care outside of the immediate CF team provision, the updated guidance [13]
suggests a referral for genetic counselling should take place at the initial assessment and
this was reflected in responses in the present study. Interestingly, significantly more
respondents in Europe compared to the US stated they would offer families a referral
for genetic counselling (χ2 = 5.792, d.f. 1, p = 0.02); the reasoning behind this was not
explored. Respondents also reported that information given to parents regarding when to
seek additional medical advice for their child was very similar to advice given to PCPs/GPs.
This is important since it has been shown that providing high-quality information and
reducing perceived power imbalances between health professionals and parents/children
can facilitate shared decision-making in pediatric practice [28]. However, little attention
was given to the risk of pancreatitis to either parents or PCPs/GPs despite this being one of
the conditions most well characterized as a CFTR-related disorder [29,30].

Overall, the results of the present study indicate that clinicians are cognizant of the
updated guidance [13] and are keen to ensure these are being consistently implemented
in practice with minimal variation. However, this does not reflect the findings of studies
that have explored actual practice [14,16]. Many reasons could account for this disparity
between actual and reported practice. The present study targeted a purposeful sample of
clinicians with a specific interest in CF NBS internationally who are more likely to be aware
of the updated guidance and the importance of consistent implementation in practice [13];
different results may have been obtained if all clinicians involved in managing children
with a CRMS/CFSPID designation were surveyed internationally. In addition, the sample
were very experienced in looking after children with CF; the majority of respondents were
doctors (n = 76, 75%), and most had worked with children with CF for over 15 years (n = 73,
72%). Again, different results may have been obtained from a more varied sample with
less clinical experience. Respondents in the present study were clearly familiar with the
recommendations contained within the updated guidance [13]; it is known that in such
instances, respondents are more likely to answer in a way that would be viewed favorably
by others [31]. Finally, the present study presents reported rather than actual practice, and
as such, there is no evidence to support or refute statements made by respondents.

In summary, it is reassuring that workers in the field have acknowledged and appreci-
ate the new guidance for the management of infants with a CRMS/CFSPID designation,
but further research is needed to determine if these findings are reflective of both a wider
audience of clinicians and actual (rather than reported) practice to ensure the guidance is
being implemented in practice consistently and as intended.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/ijns8010005/s1. Supplementary files: CRMS/CFSPID Questionnaire.

Author Contributions: Conceptualization, J.C., J.B., C.L.R. and K.W.S.; methodology, J.C., J.B.,
C.L.R. and K.W.S.; validation, J.C., J.B., C.L.R. and K.W.S.; formal analysis, J.C.; data curation, J.C.;
writing—original draft preparation, J.C.; writing—review and editing, J.B., C.L.R. and K.W.S.; project
administration, J.C. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

https://www.mdpi.com/article/10.3390/ijns8010005/s1
https://www.mdpi.com/article/10.3390/ijns8010005/s1


Int. J. Neonatal Screen. 2022, 8, 5 10 of 11

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and approved by the Ethics Committee of City, University of London
(ETH1920-0952 12 March 2020).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to ethical constraints.

Acknowledgments: We would like to thank the many respondents and interviewees, who gave
their valuable time. We are Suppunable to name them without impacting on the confidentiality of
the comments.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Castellani, C.; Massie, J.; Sontag, M.; Southern, K.W. Newborn screening for cystic fibrosis. Lancet Respir. Med. 2016, 4, 653–661.

[CrossRef]
2. Goetz, D.; Ren, C.L. Review of cystic fibrosis. Pediatr. Ann. 2019, 48, e154–e161. [CrossRef]
3. Barben, J.; Castellani, C.; Dankert-Roelse, J.; Gartner, S.; Kashirskaya, N.; Linnane, B.; Mayell, S.; Munck, A.; Sands, D.;

Sommerburg, O.; et al. The expansion and performance of national newborn screening programmes for cystic fibrosis in europe.
J. Cyst. Fibros. 2017, 16, 207–213. [CrossRef]

4. Chudleigh, J.; Ren, C.L.; Barben, J.; Southern, K.W. International approaches for delivery of positive newborn bloodspot screening
results for CF. J. Cyst. Fibros. 2019, 18, 614–621. [CrossRef]

5. Bienvenu, T.; Nguyen-Khoa, T. Current and future diagnosis of cystic fibrosis: Performance and limitations. Arch. Pediatr. 2020,
27 (Suppl. 1), eS19–eS24. [CrossRef]

6. Munck, A. Inconclusive diagnosis after newborn screening for cystic fibrosis. Int. J. Neonatal Screen. 2020, 6, 19. [CrossRef]
7. Munck, A.; Mayell, S.J.; Winters, V.; Shawcross, A.; Derichs, N.; Parad, R.; Barben, J.; Southern, K.W. Cystic fibrosis screen

positive, inconclusive diagnosis (cfspid): A new designation and management recommendations for infants with an inconclusive
diagnosis following newborn screening. J. Cyst. Fibros. 2015, 14, 706–713. [CrossRef] [PubMed]

8. Kharrazi, M.; Yang, J.; Bishop, T.; Lessing, S.; Young, S.; Graham, S.; Pearl, M.; Chow, H.; Ho, T.; Currier, R.; et al. Newborn
screening for cystic fibrosis in california. Pediatrics 2015, 136, 1062–1072. [CrossRef]

9. Groves, T.; Robinson, P.; Wiley, V.; Fitzgerald, D.A. Long-term outcomes of children with intermediate sweat chloride values in
infancy. J. Pediatr. 2015, 166, 1469–1474.e3. [CrossRef]

10. Castaldo, A.; Cimbalo, C.; Castaldo, R.J.; D’Antonio, M.; Scorza, M.; Salvadori, L.; Sepe, A.; Raia, V.; Tosco, A. Cystic fibrosis-
screening positive inconclusive diagnosis: Newborn screening and long-term follow-up permits to early identify patients with
cftr-related disorders. Diagnostics 2020, 10, 570. [CrossRef]

11. Ooi, C.Y.; Sutherland, R.; Castellani, C.; Keenan, K.; Boland, M.; Reisman, J.; Bjornson, C.; Chilvers, M.A.; van Wylick, R.;
Kent, S.; et al. Immunoreactive trypsinogen levels in newborn screened infants with an inconclusive diagnosis of cystic fibrosis.
BMC Pediatr. 2019, 19, 369. [CrossRef]

12. Munck, A.; Bourmaud, A.; Bellon, G.; Picq, P.; Farrell, P.M.; Group, D.S. Phenotype of children with inconclusive cystic fibrosis
diagnosis after newborn screening. Pediatr. Pulmonol. 2020, 55, 918–928. [CrossRef]

13. Barben, J.; Castellani, C.; Munck, A.; Davies, J.C.; de Winter-de Groot, K.M.; Gartner, S.; Kashirskaya, N.; Linnane, B.; Mayell, S.J.;
McColley, S.; et al. Updated guidance on the management of children with cystic fibrosis transmembrane conductance regulator-
related metabolic syndrome/cystic fibrosis screen positive, inconclusive diagnosis (crms/cfspid). J. Cyst. Fibros. 2020, 20, 810–819.
[CrossRef]

14. Terlizzi, V.; Claut, L.; Tosco, A.; Colombo, C.; Raia, V.; Fabrizzi, B.; Lucarelli, M.; Angeloni, A.; Cimino, G.; Castaldo, A.; et al. A
survey of the prevalence, management and outcome of infants with an inconclusive diagnosis following newborn bloodspot
screening for cystic fibrosis (crms/cfspid) in six italian centres. J. Cyst. Fibros. 2021, 20, 828–834. [CrossRef]

15. Levy, H.; Nugent, M.; Schneck, K.; Stachiw-Hietpas, D.; Laxova, A.; Lakser, O.; Rock, M.; Dahmer, M.K.; Biller, J.; Nasr, S.Z.; et al.
Refining the continuum of cftr-associated disorders in the era of newborn screening. Clin. Genet. 2016, 89, 539–549. [CrossRef]

16. Imahorn, O.; Frauchiger, B.; Pedersen, E.; Kuehni, C.E.; Gallati, S.; Fingerhut, R.; Blanchon, S.; Jung, A.; Mornand, A.;
Müller, D.; et al. Follow-up of children with cystic fibrosis screen positive, inconclusive diagnosis (CFSPID) in switzerland.
J. Cyst. Fibros. 2021, 20, S39–S118. [CrossRef]

17. Tluczek, A.; Chevalier McKechnie, A.; Lynam, P.A. When the cystic fibrosis label does not fit: A modified uncertainty theory.
Qual. Health Res. 2010, 20, 209–223. [CrossRef]

18. Johnson, F.; Southern, K.W.; Ulph, F. Psychological impact on parents of an inconclusive diagnosis following newborn bloodspot
screening for cystic fibrosis: A qualitative study. Int. J. Neonatal Screen 2019, 5, 23. [CrossRef]

19. Massie, J.; Gillam, L. Uncertain diagnosis after newborn screening for cystic fibrosis: An ethics-based approach to a clinical
dilemma. Pediatr. Pulmonol. 2014, 49, 1–7. [CrossRef]

20. Krippendorff, K. Content Analysis: An Introduction to Its Methodology, 3rd ed.; SAGE: Los Angeles, CA, USA, 2013.

http://doi.org/10.1016/S2213-2600(16)00053-9
http://doi.org/10.3928/19382359-20190327-01
http://doi.org/10.1016/j.jcf.2016.12.012
http://doi.org/10.1016/j.jcf.2019.04.004
http://doi.org/10.1016/S0929-693X(20)30046-4
http://doi.org/10.3390/ijns6010019
http://doi.org/10.1016/j.jcf.2015.01.001
http://www.ncbi.nlm.nih.gov/pubmed/25630966
http://doi.org/10.1542/peds.2015-0811
http://doi.org/10.1016/j.jpeds.2015.01.052
http://doi.org/10.3390/diagnostics10080570
http://doi.org/10.1186/s12887-019-1756-4
http://doi.org/10.1002/ppul.24634
http://doi.org/10.1016/j.jcf.2020.11.006
http://doi.org/10.1016/j.jcf.2021.03.015
http://doi.org/10.1111/cge.12711
http://doi.org/10.1016/S1569-1993(21)01045-6
http://doi.org/10.1177/1049732309356285
http://doi.org/10.3390/ijns5020023
http://doi.org/10.1002/ppul.22933


Int. J. Neonatal Screen. 2022, 8, 5 11 of 11

21. Ulph, F.; Cullinan, T.; Qureshi, N.; Kai, J. Parents’ responses to receiving sickle cell or cystic fibrosis carrier results for their child
following newborn screening. Eur. J. Hum. Genet. 2015, 23, 459–465. [CrossRef]

22. Chudleigh, J.; Buckingham, S.; Dignan, J.; O’Driscoll, S.; Johnson, K.; Rees, D.; Wyatt, H.; Metcalfe, A. Parents’ experiences of
receiving the initial positive newborn screening (NBS) result for cystic fibrosis and sickle cell disease. J. Genet. Couns. 2016, 25,
1215–1226. [CrossRef] [PubMed]

23. Buchbinder, M.; Timmermans, S. Newborn screening for metabolic disorders: Parental perceptions of the initial communication
of results. Clin. Pediatr. 2012, 51, 739–744. [CrossRef]

24. Salm, A.; Yetter, E.; Tluczek, A. Informing parents about positive newborn screening results: Parents’ recommendations. J. Child.
Health Care 2012, 16, 367–381. [CrossRef] [PubMed]

25. Ulph, F.; Cullinan, T.; Qureshi, N.; Kai, J. The impact on parents of receiving a carrier result for sickle cell or cystic fibrosis for
their child via newborn screening. Eur. J. Hum. Genet. 2014, 22, 459–465.

26. Rueegg, C.S.; Barben, J.; Hafen, G.M.; Moeller, A.; Jurca, M.; Fingerhut, R.; Kuehni, C.E.; The Swiss Cystic Fibrosis Screening
Group. Newborn screening for cystic fibrosis—The parent perspective. J. Cyst. Fibros. 2016, 15, 443–451. [CrossRef] [PubMed]

27. Tluczek, A.; Clark, R.; McKechnie, A.C.; Brown, R.L. Factors affecting parent-child relationships one year after positive newborn
screening for cystic fibrosis or congenital hypothyroidism. J. Dev. Behav. Pediatr. 2015, 36, 24–34. [CrossRef]

28. Boland, L.; Graham, I.D.; Légaré, F.; Lewis, K.; Jull, J.; Shephard, A.; Lawson, M.L.; Davis, A.; Yameogo, A.; Stacey, D. Barriers and
facilitators of pediatric shared decision-making: A systematic review. Implement. Sci. 2019, 14, 7. [CrossRef]

29. Southern, K.W.; Sinha, A. Cystic fibrosis transmembrane conductance regulator-related metabolic syndrome/cystic fibrosis screen
positive, inconclusive diagnosis (CRMS/CFSPID). Breathe 2021, 17, 210088.

30. Gaitch, N.; Hubert, D.; Gameiro, C.; Burgel, P.-R.; Houriez, F.; Martinez, B.; Honoré, I.; Chapron, J.; Kanaan, R.; Dusser, D.; et al.
Cftr and/or pancreatitis susceptibility genes mutations as risk factors of pancreatitis in cystic fibrosis patients? Pancreatology 2016,
16, 515–522. [CrossRef]

31. Lavrakas, P.J. Encyclopedia of Survey Research Methods; SAGE: London, UK; Los Angeles, CA, USA, 2008.

http://doi.org/10.1038/ejhg.2014.126
http://doi.org/10.1007/s10897-016-9959-4
http://www.ncbi.nlm.nih.gov/pubmed/27098418
http://doi.org/10.1177/0009922812446011
http://doi.org/10.1177/1367493512443906
http://www.ncbi.nlm.nih.gov/pubmed/22984167
http://doi.org/10.1016/j.jcf.2015.12.003
http://www.ncbi.nlm.nih.gov/pubmed/26751132
http://doi.org/10.1097/DBP.0000000000000112
http://doi.org/10.1186/s13012-018-0851-5
http://doi.org/10.1016/j.pan.2016.03.021

	Introduction 
	Materials and Methods 
	Results 
	Demographic Data 
	Initial Consultation after a Positive NSB Result 
	Ongoing Management of Children with a CRMS/CFSPID Designation 
	Support Outside the CF Team 

	Discussion 
	References

