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ABSTRACT
Background Paediatric track and trigger tools (PTTTs) 
based on vital parameters have been implemented in 
hospitals worldwide to help healthcare professionals 
identify signs of critical illness and incipient deterioration 
in hospitalised children. It has been documented that 
nurses do not use PTTT as intended, but deviate from PTTT 
protocols because, in some situations, PTTT observations 
make little sense to them. The present study aimed to 
reach consensus on whether automatically generated 
PTTT scores that are higher than deemed reasonable by 
healthcare professionals according to their professional 
experience and clinical expertise may be downgraded.
Methods A two- round modified Delphi technique 
was used to explore consensus on 14 patient cases for 
hospitalised children with a high PTTT score that did not 
raise concerns by systematically collating questionnaire 
responses. Participants rated their level of agreement on 
a 9- point Likert scale. IQR and median were calculated for 
each case.
Findings A total of 221 participants completed round 1 
and 101 participants completed round 2. Across the two 
rounds, majority of the participants were from paediatric 
departments, nurses and women. In round 1, consensus 
on inclusion was reached on 2 of the 14 cases. In round 
2, consensus was reached on one additional patient case. 
Three of the 11 non- consensus cases remaining after 
rounds 1 and 2 were included by the research group based 
on predefined criteria.
Conclusion In conclusion, a consensus opinion was 
achieved on six patient cases where the child had a high 
PTTT score but where the healthcare professionals were 
not as concerned as indicated by the PTTT score.

BACKGROUND
In the past decade, greater focus has been 
placed on recognising and responding to 
hospitalised paediatric patients at risk of 
deterioration.1 It has been documented that 
a child’s deterioration often goes unrecog-
nised and elicits no timely response, which 
heighten the risk of negative health outcomes 

and child deaths.2 3 For most children, acute 
illnesses develop gradually over many hours, 
with vital parameters gradually becoming 
more abnormal as deterioration progresses.4 
Paediatric track and trigger tools (PTTTs) 
may be employed as a screening tool to help 
healthcare professionals identify signs of crit-
ical illness and incipient deterioration and 
facilitate a prompt and relevant response 
in hospitalised paediatric patients.5 6 When 
a child’s clinical condition is deteriorating, 
deviation from normal vital parameters will 
yield a high or increased score indicating that 
intervention may be required. Using PTTT is 
thus a systematic method for assessing several 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Nurses express that routine observations are often 
unnecessary in stable paediatric patients.

 ⇒ Nurses highlight the constant burden of repeated 
alerts relating to individual patients in situations re-
quiring no clinical intervention.

WHAT THIS STUDY ADDS
 ⇒ The study identifies the most frequent patient cases 
in paediatric care for hospitalised children who have 
a high paediatric track and trigger tool (PTTT) score 
that, nevertheless, causes no mounting concern.

 ⇒ The study provides knowledge that may help reduce 
alarm fatigue and increase nurses’ perspective of 
the clinical relevance of PTTT.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ In children who are at risk of deterioration, we may 
possibly benefit from focusing on more aspects than 
just vital signs.

 ⇒ Giving nurses the opportunity to reduce the PTTT 
score based on predefined patient cases may poten-
tially help reduce alarm fatigue and increase nurses’ 
use of PTTT.
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observations, primarily vital parameters. In other words, 
PTTTs quantify paediatric patients’ risk of clinical dete-
rioration. Worldwide, a variety of PTTTs are available 
aiming to provide healthcare professionals with an aggre-
gate PTTT score based on physiological parameters such 
as respiratory rate, respiratory effort, oxygen saturation, 
systolic blood pressure, pulse rate and level of conscious-
ness.7 8 Some PTTTs have been validated, whereas others 
have been modified or developed at a local hospital with 
no subsequent validation.7 To the best of our knowledge, 
no consensus exists as to which PTTT is superior, and 
evidence to determine which PTTT may be superior is 
limited.7 9 Furthermore, recent literature reviews have 
questioned the evidence underpinning PTTTs’ effect on 
children’s outcomes.6 7 9

Studies on adult patients have documented that nurses 
often also use their intuition to recognise deteriorating 
patients.10–12 Benner et al13 defined intuition as ‘a judgment 
without a rationale, a direct apprehension and response 
without recourse to calculative rationality’. PTTTs do not 
distinguish between diagnoses or the individual child’s 
characteristics. Therefore, a risk exists of overlooking 
children who do not have a normal stress response and 
children with a habitual, chronically impaired physiology 
due to chronic disease. Children with expected abnormal 
vital parameters because of, for example, medical treat-
ment are frequently observed unnecessarily, resulting in 
an increased workload. This is a documented reason for 
not making PTTT observations and not complying with 
PTTT protocols.14 PTTTs do not leave much room for 
individual clinical assessment, which has been reported 
to give nurses a negative perception of PTTT.14 Previ-
ously, we have documented how nurses found that PTTTs 
were an important tool, but they also described that they 
did not use them as intended because, in some situations, 
PTTT observations made little sense to them.14 Such situ-
ations could be those in which a child had a high PTTT 
score indicating that the child was at risk of clinical 
deterioration but where the nurses were not concerned 

to the point expected given the PTTT score.14 In addi-
tion, nurses found that measurement of vital parameters 
increased their workload without improving the care 
they provided.8 15 Furthermore, some nurses stated that 
they spent too much time measuring vital parameters 
and that routine observations were often unnecessary 
in stable paediatric patients.16 Thus, attention should be 
given to further the development of PTTTs. If not, the 
risk of failing to recognise children’s deteriorating condi-
tions will remain and constitute a barrier to nurses’ use 
of PTTT.

Aim
Our aim was to reach consensus on whether automati-
cally generated PTTT scores that are higher than deemed 
reasonable by healthcare professionals according to their 
professional experience and clinical expertise may be 
downgraded.

METHODS
Study design
We used a modified Delphi study technique to develop 
a consensus opinion among clinicians, both nurses and 
medical doctors.17 This method was chosen because it is 
an extensively used method for transforming individual 
opinions on a specific issue into a group consensus.18 
A two- round modified Delphi approach was chosen. 
After each round, the patient case statements on which 
consensus was reached were included and statements on 
which consensus was not reached were carried through 
to the next round of questioning. Feedback on individual 
cases and the panel response were included in the second 
round to enhance consensus among the panel. This two- 
round method was used to enhance participation in the 
study by reducing responder fatigue.

Development of patient cases
To develop the patient cases used in this study, we enlisted 
input from multidisciplinary stakeholders in paediatric 

Table 1 Example of a patient case presented in round 2 including the panel’s score and a reminder of the participant’s score 
along with any free- text comments

To which extent do you agree or disagree that the following patient case could be included in a PTTT as a case where 
a nurse can reduce the PTTT score by the specified number of points without consulting a doctor:
Child with high fever; antibiotic treatment has recently been initiated but has not yet had sufficient effect.
The score for pulse rate and respiration rate can be lowered (max 2 points).

1. Strongly 
disagree

2 3 4 5 6 7 8 9. Strongly agree Don’t know

In the first round, you answered 5 and the panel’s median score was 7 (IQR: 4–9).

The following were the comments from the panel:
 ► “Assume that antibiotics has just been initiated and sepsis, etc., is excluded.”
 ► “It depends on how long the child has been in antibiotic treatment.”
 ► “It depends on how long the child has been treated with antibiotics. Whether it is within 1 day or after 3 days.”
 ► ”Yes, if there is a pain score.”
 ► ”It is a seriously ill child. Reduction in score must be agreed with doctor.”

PTTT, paediatric track and trigger tool.
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care, including clinical nursing specialists, registered 
nurses, paediatric consultants, paediatric residents and 
nurse managers. We held a group meeting at five different 
hospitals covering four of Denmark’s five regions and 
included both university hospitals and regional hospi-
tals. The aim of the study was outlined initially at each 
meeting, and the stakeholders were asked to brainstorm 
on any paediatric patient cases they thought would 
be relevant. The goal of this stage was to incorporate 
multidisciplinary perspectives into the development of 
the patient cases. The final version of the patient cases 
distributed in this study was prepared by CSJ and HVO.

Delphi panel
The Delphi panel in this study included healthcare 
professionals who were active in clinical practice and had 
a minimum of 2 years of experience in the field of paedi-
atrics from hospital settings in Denmark.

The participants were recruited from the following rele-
vant professional national healthcare network and associ-
ation: the Emergency Paediatric Network representing 
73 healthcare professionals and the Danish Association 
for Nurses working with children and young people 
representing 400 nurses. Invitations to participate in the 
study were posted on the network’s and the association’s 
Facebook sites. Furthermore, we contacted the manage-
ment of all 19 paediatric departments in Denmark and 
invited them to distribute the invitation to healthcare 
professionals who met the above criteria.

The Delphi process
First round
The Delphi survey was distributed electronically using 
Research Electronic Data Capture (REDCap) hosted by 
Aarhus University, Denmark. In the first round, the partic-
ipants were asked independently to rate 14 paediatric 
patient cases (online supplemental table 1). They were 
asked to rate their agreement with each of the 14 cases 
on a scale from 1 (completely disagree) to 9 (completely 
agree). For each statement, participants were given the 
opportunity to tick ‘Don’t know’ as an alternative answer. 
For each case, they were also given the opportunity to 
contribute free- text comments, including suggestions 
for rephrasing, elaborating or explaining their response. 
The participants were also given the opportunity to add 
other relevant cases. Demographic information such as 
years of experience in the paediatric field, workplace, 
gender and year of birth was also collected.

Second round
In the second round, each participant received the 
Delphi survey with the non- consensus cases from round 
1. For each case, the participants were presented with 
their own response and the panel response outlined as 
median and IQR, as well as any free- text comments given 
by the participants (see table 1 for an example). Any new 
cases being suggested by more than one participant from 
the first round were also presented and rated in round 
2. No option was provided to add new cases in round 2.

Analysis
Descriptive statistics were used to analyse participants’ 
demographic characteristics. IQR and median were calcu-
lated for each patient case. A consensus for inclusion was 
defined by a median score and IQR of 7–9; for exclusion, 
a consensus was defined by a median score and IQR of 
1–3.17 19 20 Non- consensus was defined as all other scores 
yielding reassessment in round 2, for example, a score 
and IQR falling within the 4–6 range or an IQR crossing 
the 4–6 range.

Any non- consensus cases remaining after round 2 
were handled in accordance with predefined criteria21 
(table 2). In order to ensure that the response being 
analysed was answered only by clinicians who felt that 
they possessed the knowledge required to rate the cases, 

Table 2 Criteria for inclusion or exclusion of non- 
consensus patient cases

Level Criteria

1 >60% of the score in the interval 7–9 (inclusion).

>60% of the scores in the interval 1–3 (exclusion).

2 >60% of the scores >5 (inclusion).

>60% of the scores ≤5 (exclusion).

3 Qualitative criteria: inclusion or exclusion of 
patient cases was determined based on experts’ 
comments and the estimated relevance of these 
comments to the definition.

Patient cases that did not meet the criteria at level 1 were re- 
evaluated against the criteria at level 2. Finally, patient cases that 
could not be included or excluded at level 2 were resolved through 
a qualitative assessment by an independent paediatrician.21

Table 3 Demographic characteristic of Delphi participants

Demographics
Round 1 
(n=221)

Round 2 
(n=101)

Gender, n (%)

  Male
  Female

22 (10)
199 (90)

13 (12)
88 (87)

Age 41 (27–70) 45 (27–68)

Department, n (%)

  Paediatrics
  Emergency

203 (92)
18 (8)

95 (94)
6 (6)

Education, n (%)

  Medical doctors
  Nurses
  Social and healthcare assistant

51 (23)
162 (73)
8 (4)

31 (31)
68 (67)
2 (2)

Experience (years), n (%)

  2–4
  5–9
  10–14
  >15

55 (25)
31 (14)
35 (16)
100 (45)

22 (22)
12 (12)
22 (22)
45 (46)
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all ‘don’t know’ responses were excluded from the group 
response.

Patient and public involvement
Patients or the public were not involved in the design, 
or conduct, or reporting or dissemination plans of our 
research.

RESULTS
Demographics of panel members and response rate
A total of 221 participants completed round 1 and 101 
completed round 2, corresponding to 54%. Table 3 
presents the participants’ demographic characteristics. 

Across the two rounds, majority of the participants were 
from paediatric departments, nurses and women.

First round
In round 1, consensus was reached on inclusion of 2 
of the 14 described cases (Table 4). The proportion of 
participants who reported ‘don’t know’ to each case 
ranged from 1.4% to 47%, with the cases regarding 
oncology patients and those with anorexia and diabetes 
having the highest number of ‘don’t know’ answers. No 
cases were excluded in the first round. No new cases 
were suggested by the participants in round 1. Sugges-
tions were made to implement a minor change in the 

Table 4 Included and excluded patient cases in the Delphi process

Patient cases
Round 1
Median score (IQR)

Round 2
Median score (IQR) Decision

Child with asthmatic bronchitis who has responded to treatment with β2- agonists 
equivalent to adequate saturation (saturation has been adequate all the time) but 
with a high pulse rate.
The score for pulse rate can be lowered (max 2 points).

9 (7–9) Included

Child affected by pain with a high pulse rate. The cause of pain has been clarified.
The score for pulse rate can be lowered (max 2 points).

5 (2–7) 6 (3–7) Included*

Child with febrile convulsions seen by a doctor; no suspected sepsis or meningitis 
and with a constant high pulse rate.
The score for pulse rate can be lowered (max 2 points).

7 (5–9) 7 (5–8) Included†

Agitated child; crying/fidgety when staff are present but observed as calm and 
‘happy’ when staff are not in the room.
The score for pulse rate can be lowered (max 2 points).

8 (6–9) 8 (7–9) Included

Child with cancer who has received Solu- Medrol and afterwards has a high pulse 
rate.
The score for pulse rate can be lowered (max 2 points).

3 (1–6) 3 (1–5) Excluded*

‘Child active in sports’ with a low pulse rate; the doctor has been made aware of 
the low pulse rate.
The score for pulse rate can be lowered (max 2 points).

9 (7–9) Included

Child who has been clinically stable for a longer period of time and who is stable 
just below or above a cut- off/threshold in the PEWS score.
The score can be lowered by 1 point for the current PEWS parameters (max 2 
points in total).

7 (4–9) 7 (5–8) Excluded*

Child treated with CPAP who has remained stable for a longer period of time and in 
this period the child has had stable high parameters.
Respiration rate, respiratory work or pulse rate can be lowered (max 2 points).

5 (2–8) 5 (2–7) Excluded*

Child with a high fever; antibiotic treatment has recently been initiated but has not 
yet taken sufficient effect.
The score for pulse rate and respiration rate can be lowered (max 2 points).

5 (2–8) 5 (2–7) Included*

Child who is readmitted because the parents are concerned.
Maximum lowering by 2 points.

3 (1–7) 3 (1–5) Excluded*

Child who is admitted because the parents are concerned.
Maximum lowering by 2 points.

3 (1–7) 3 (1–5) Excluded*

Child with a high fever with a known focus on fever; the child is well.
The score for pulse rate and respiration rate can be lowered (max 2 points).

4 (1–7) 5 (3–7) Excluded*

Patient with anorexia and a low pulse rate.
The score for pulse rate can be lowered (max 2 points).

5 (1–8) 5 (2–7) Excluded*

Child with stable diabetes.
Maximum lowering by 2 points.

6 (3–9) 5 (2–7) Excluded*

Non- consensus cases following round 2 were included or excluded due to the predefined criteria outlined in table 2.
*Included/excluded based on predefined criteria 2.
†Included/excluded based on predefined criteria 1.
CPAP, Continuous Positive Airway Pressure; PEWS, Paediatric Early Warning Score.
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wording of seven of the described cases (online supple-
mental table 1).

Second round
Consensus was reached on inclusion of one additional 
case following round 2 (table 4). The three cases that 
had a high number of ‘don’t know’ answers in round 
1 remained the same in round 2. The proportion of 
‘don’t know’ answers in each case ranged from 0% to 
50.5%. Based on the response from round 1, some minor 
changes were made to the wording in some of the cases 
prior to distribution of the second round of the survey.

In 11 out of the 14 cases, consensus on inclusion was 
not reached in rounds 1 and 2. An additional three cases 
were included and eight were excluded according to the 
predefined criteria outlined in table 2.

DISCUSSION
In the present study, consensus was achieved on 3 of the 
14 patient cases following the two rounds, and an addi-
tional three cases were included according to the prede-
fined criteria for inclusion and exclusion.

The qualitative feedback option to each patient case 
demonstrated that management of different patient 
cases will differ widely depending on the child’s clinical 
presentation, the nurse’s or the medical doctor’s experi-
ence, individual practice, and variation in PTTT guide-
lines. Statements like “They [the child] are difficult to 
assess” and “depending on the situation, knowledge of 
the patient and the nurses’ competences” were often 
provided. The differences between the opinions of the 
non- consensus patient cases were echoed in the wide 
range of median scores in the responses, which ranged 
from 1 (strongly disagree) to 8 (agree). This complexity 
was also highlighted in a study by Lillitos et al,22 who 
aimed to establish a benchmark list defining significant 
acute paediatric conditions that warrant acute hospital 
admission from the emergency department, using a 
Delphi method. They failed to achieve consensus on 37 
statements because assessment of sick children’s condi-
tions may vary and depend on many factors, such as the 
healthcare professional’s experience and the child’s 
clinical presentation. In the study by Lillitos et al,22 the 
authors identified many neutral answers in round 1 and 
therefore added the response category ‘I don’t look after 
children with this condition’. We also identified many 
patient cases in which the healthcare professionals did 
not have sufficient experience to answer the question, 
which underscores the complexity of paediatrics.

As implementation of PTTTs has a considerable impact 
on both children and resources, it is essential to keep 
refining and developing PTTTs to establish the best way 
to identify children who are at risk of clinical deterio-
ration and who would benefit from early intervention. 
Studies have shown that PTTT implementation has been 
unsuccessful; healthcare professionals often experience 
alarm fatigue and PTTTs are therefore often ignored by 

front- line nursing staff,23 and nurses do not always follow 
PTTT protocols and medical doctors may be unaware 
of their role.14 Bedoya et al23 documented how nurses 
highlighted the constant burden of repeated alerts on 
individual patients in situations requiring no clinical 
intervention. In a previously published study, we showed 
that nurses described low PTTT scores in children who 
did not have a condition that warranted an interven-
tion.14 This discordance led to alert fatigue and a general 
mistrust in PTTT.14 23 Children at risk of deterioration 
may therefore benefit from focusing on more aspects 
than merely vital signs such as respiratory and heart rate. 
Furthermore, children may present different patterns of 
illness as the natural history of inpatient paediatric condi-
tions is not uniform in how they progress. We achieved 
consensus on inclusion of 6 of 14 patient cases. Some of 
the included patient cases occur frequently in paediatric 
care, for example, the agitated child; crying when staff are 
present but observed as calm and ‘happy’ when staff are 
not in the room; and children with asthmatic bronchitis 
who responded to treatment with β2- agonists equivalent 
to adequate saturation but who maintain a high pulse 
rate. It may possibly have a positive impact on clinical 
practice if these case types were included in a modified 
PTTT. Our study provided insight into one aspect of the 
further development of PTTT. Giving nurses the oppor-
tunity to reduce the PTTT score in accordance with the 
clinical particulars of predefined patient cases may poten-
tially help to reduce alarm fatigue and enhance nurses’ 
perception of the clinical relevance of PTTT.

Limitations
This Delphi study was conducted in Denmark. The results 
may therefore not be applicable to other healthcare 
settings where clinical practice, cultural attitudes and 
available resources may be different. To reduce the intro-
duction of persuasive bias that may arise from dominant 
individuals, the study was deliberately anonymised. If a 
Delphi process appears too time- consuming or complex, 
the invited experts may not join or might drop out during 
the survey. We conducted a modified two- round survey to 
reduce the risk of dropout; even so, we did experience 
considerable dropout.

CONCLUSION
In conclusion, consensus was achieved on 6 of 14 paedi-
atric patient cases with a high PTTT score in which health-
care professionals were not concerned to the extent 
indicated by the PTTT score and in which nurses could 
downgrade the PTTT score with a predefined number. 
These patient cases may be used for future research into 
PTTT, and if incorporated into a modified PTTT these 
cases may also help reduce alarm fatigue and enhance 
nurses’ perception of the usefulness of PTTT.
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