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1.&Introduction&
Dyspnea was defined at an international symposium in
1965 as “a sensation of difficult, labored, or
uncomfortable breathing”.1 Disputes about the verbal
description of this sensation have emerged, because
dyspnea is a subjective experience closely related to other
subjective sensations and no unique neural pathways
facilitating the sensation are known.1-6 Dyspnea is related
to pathophysiology and should not be confused with
“shortness of breath” that is more a simple awareness of
increased breathing that may be physiological because it
can be experienced with exercise and other physical
activities.1,4 The term “breathlessness” is a an overall
term including both shortness of breath and dyspnea.1
Increasing knowledge about the pathophysiology and
mechanisms of dyspnea modified the term to be used by
health care providers to characterize “a subjective
experience of breathing discomfort that consists of
qualitatively distinct sensations that vary in intensity”.6
From a patient experience, the core sensation is a
distressing awareness that something is wrong about their
breathing.7
Summative, dyspnea is thus a sensation in patients that
something is wrong and it is a disease indicator linked to
different pathophysiological mechanisms. Therefore, the
starting point for this thesis is patient-experienced
dyspnea triggering contact to the emergency medical
services (EMS).
In the late 1980’s, population-based studies, including the
Framingham study, demonstrated that dyspnea is
associated with mortality.8,9 In the study by Ebi-Kryston
et al, dyspneic subjects on average had twice as high
cardiovascular mortality than non-dyspneic subjects
independent of age and smoking status.8 Later
population-based studies have also demonstrated an
association between the degree of dyspnea and
mortality.10,11 Patients suffering respiratory symptoms are
commonly encountered by EMS personnel.12 Many of
these patients need intensive care unit admission and
10% die during subsequent hospital admission.13 In other
patient groups receiving ambulance transportation,
including road traffic accidents and chest pain patients,
mortality is much lower with hospital mortality of 0,5%
and 30-day mortality of 2,0%, respectively.14,15
The underlying causes in patients with dyspnea vary and
multiple comorbidities are often present.16-20 Whether the
higher mortality rate in patients suffering dyspnea than in
patients with other conditions can be ascribed to patient
characteristics like old age and comorbidities is unknown.
If age and comorbidities do not explain the difference
alone, modifiable characteristics may be responsible,
indicating a potential for improving outcome for this
patient group.

1.1&Routine&management&of&dyspnea&in&
the&ambulance&
Patients suffering dyspnea in the ambulance are generally
treated according to the algorithmic ABCDE-principle
addressing physiological derangements observed in the
individual patient rather than a suspected diagnosis.21
Prehospital treatment options vary between countries
and even between Danish Regions in part du to different
staffing of prehospital units and availability of advanced
medical care.21-24 Establishing a free airway, positioning
the patient in a semi-upright position, administering
oxygen, and administering β-agonist inhalations in
suspected bronchospasm are routine (Figure 1).21,23,24 In
Denmark, Emergency medical technicians (EMTs) are
allowed to dispense nitroglycerin spray when acute heart
failure is suspected, and paramedics also manage
intravenous furosemide administration.21 In case of
serious respiratory failure or respiratory arrest, ventilation
is managed using bag-valve-mask ventilation and in some
regions, paramedics are allowed to use supraglottic airway
devices.21 In other countries, like the United States of
America, EMTs and paramedics routinely administer
continuous positive airway pressure (CPAP) and perform
endotracheal intubation in unresponsive or apneic
patients.24
In many countries, including Denmark, patients with
recent onset of dyspnea and unknown underlying
pulmonary disease, a 12-lead electrocardiogram (ECG) is
obtained and telemedically transferred to a cardiologist
on-call at a department of cardiology.25 The primary aim
is to triage patients with ST-elevation myocardial
infarction (STEMI) directly to primary percutaneous
coronary intervention (PPCI) and improve outcome for
this subgroup of patients.26 In Denmark, the applicability
of cardiac Troponin T is currently being examined for
establishing a prehospital diagnosis of non-ST-elevation
myocardial infarction (NSTEMI) in case of concomitant
chest pain.27

Figure 1 - Dyspneic patient in semi-upright position
receiving oxygen and β-agonist inhalation&
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1.2&Management&of&the&dyspneic&patient&
by&critical&care&team&physician&&
In Denmark and other countries, a critical care team
driven by physician yields the possibility of advanced
interventions, including disease specific medication
(diuretics, anti-arrhythmics, corticosteroids, etc.), and
CPAP, non-invasive ventilation (NIV), and ultimately
endotracheal intubation.28-30 Dispatch of a physician also
adds a possibility of management according to a
diagnostic approach, as it is known from the hospital
setting.31 The diagnostic approach to the dyspneic patient
has developed from Hippocrates 460 b.c. over Vesalius´
establishment of accurate anatomy in 1543,
Auenbrugger´s description of percussion in 1761 and
Laennec´s auscultation by stethoscope in 1816 to be
summed up and incorporated into medical education by
William Osler in 1893.32 The principles rely on two
essential components – the medical history and the
physical examination.33 William Osler´s modern
approach to physical examination in a patient with
respiratory symptoms includes five central elements:
inspection, palpation, percussion, auscultation and
contemplation.34 However, medical history and physical
examination alone is rarely sufficient for establishing a
specific diagnosis in patients suffering dyspnea.35-38 In the
hospital, the diagnostic process can be expanded by the
use of blood samples, chest x-ray, and other types of
imaging such as computed tomography,
echocardiography or ultrasonography performed by a
radiologist.39 In the prehospital setting, time is limited,
the obtainable medical history is frequently sparse, the
physical examination is suboptimal because of the
hostility of the prehospital environment, and time is
limited for contemplation.

1.3&PointAofAcare&diagnostics&
Point-of-care (POC) diagnostics is a concept of moving
simplified variants of diagnostic modalities forward to
the patient’s bedside to aid the diagnostic process and
guide patient triage and management.1,40,41 Physiological
processes and activated signaling pathways during acute
disease can be tested by the use of blood born
biomarkers to assess whether a specific event is ongoing
in the body (Figure 2). Proposed necessary features for
POC devices include simplicity in usage, robust reagents,
concordance with established laboratory methods and
safety.41 However, the true value in point-of-care
diagnostics lies in improving clinical decisions. Thus, the
first criterion should be: Does the test improve patient
management or patient outcome compared with a
routine diagnostic workup?42

1.4&Brain&natriuretic&peptides&&
Brain natriuretic peptide (BNP) is released from the
cardiac myocytes in response to ventricular stretch.43,44 It
reflects inherent humoral response of heart failure or
volume overload because the heart acts as en endocrine
organ with BNP exerting effects on multiple organ
systems.45 The most important effects are increased
diuresis and natriuresis by an increase in glomerular
filtration rate and inhibition of the renin-angiotensinaldosterone system and balanced vasodilation.46,47
The biochemistry of brain natriuretic peptides is complex
and yet not completely understood.48,49 The prohormone
of BNP, proBNP, is secreted and subsequently degraded
to the active component, BNP, and additional active and
inactive compounds (Figure 3).48 The amino-terminal end
of the proBNP molecule (NT-proBNP) is the most

proBNP

NT-proBNP

BNP

(half-life 90 min)

(half-life 20 min)
Vasodilation
Diuresis/natriuresis

Figure 2 – Circulating blood born biomarkers reveals
physiological processes

Figure 3 - Secretion, degradation and functions of brain
natriuretic peptides&
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stable compound. Whereas the half-life of the BNP
molecule is approximately 20 minutes, NT-proBNP has a
half-life between 60 and 120 minutes, hypothetically
making values more reliable.48,50
Observational studies originally demonstrated good
diagnostic performance of BNP and NT-proBNP for the
diagnosis of heart failure with sensitivities ranging from
87% to 99% and specificities ranging from 69% to 88%
depending on the cut-point used.51,52 However, elevation
of circulating BNP and NT-proBNP levels is not specific
for acute heart failure and they may be elevated in
conditions like atrial fibrillation, cardiac ischemia, severe
renal failure, and sepsis and levels increase with
increasing age.53-57 An international pooled analysis
demonstrated that an overall sensitivity of 90% and
specificity of 84% for acute heart failure can be obtained
by use of an age-independent rule-out cut-point of 300
ng/l and age-related rule-in cut-points of 450, 900 and
1800 ng/l for patients < 50 years of age, between 50 and
75 years and > 75 years, respectively.58

1.5&Brain&natriuretic&peptides&as&a&pointA&
ofAcare&analysis&
Results from randomized controlled trials on emergency
department use of NT-proBNP for decision-making and
treatment guidance have been ambiguous.59-62 Given the
difficult conditions for medical history and physical

examination in the prehospital setting, the effect of
supplementing the routine diagnostic work-up with the
measurement of a heart failure biomarker is expected to
be higher in this setting than within the hospital because
additional diagnostic modalities are available at the
hospital. In addition, previous randomized controlled
studies did not used age-stratified rule-in cut-points.59-62
Observational studies of the prehospital applicability of
POC NT-proBNP have demonstrated that NT-proBNP
measurement is feasible and yields sensitivities and
specificities comparable to those in hospital63-65
However, to improve patient management and patient
outcome, the biomarker has to prove valuable when
incorporated into a complex diagnostic work-up (Figure
4) and it must be compared to the usual diagnostic workup. Because comorbidities are frequently present in
dyspneic patients, the task is not only to be able to
diagnose heart failure but also to determine the primary
problem in the individual patient. The clinical questions
are: What is the primary cause of dyspnea in the patient?
More specifically, is dyspnea of cardiac or pulmonary
origin and which is prevailing? What is the optimal triage
of the individual patient – to the emergency department
or a department of cardiology? Which immediate optimal
treatment should be given for the individual patient?
These questions are fundamental for prehospital clinical
decision-making.

Figure 4 – The concept of incorporating point-of-care biomarker measurement into clinical decision-making in the dyspneic
patient. Inspection, palpation, percussion, auscultation, point-of-care diagnostics, and contemplation. &
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2&Aims&and&hypotheses&
2.1&Aims&
We aimed to compare the mortality in patients suffering
dyspnea with patients suffering chest pain, cardiac arrest,
trauma, neurological symptoms and other symptoms in
the prehospital setting and to examine whether
differences in mortality can be ascribed to patient
characteristics like age and comorbidities only.
Furthermore, we aimed to identify high-risk groups
among patients suffering dyspnea in the ambulance.
Finally, we aimed to examine whether supplementing the
routine diagnostic work-up with POC measurement of
NT-proBNP in the ambulance improves management of
patients with dyspnea.

2.2&Hypotheses&
1.

2.

3.

4.
5.
6.

&

Patients with dyspnea have higher mortality
than patients with chest pain and other
symptoms among patients suspected of acute
myocardial infarction (AMI) and undergoing
ECG-based telemedical triage (study I)
Patients with dyspnea have higher mortality
than patients with chest pain, trauma patients,
patients with neurological symptoms and other
symptoms among all patients receiving an
ambulance following a medical emergency call
(study I)
Differences in mortality between patients with
dyspnea and other patient groups are
independent of potential confounders (study I
and II)
Patients with dyspnea of cardiac origin have
higher short-term mortality than patients with
dyspnea of other origins (study II)
ECG-based telemedical triage alone in patients
with dyspnea is insufficient for identifying highrisk patients suffering dyspnea (study I)
Supplementary POC NT-proBNP measurement
in patients with severe dyspnea in the
ambulance increases the proportion of patients
suffering dyspnea of cardiac origin triaged
directly to a department of cardiology (study
III)
&
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3.&Methodologies&
3.1&Study&overview&
To test the hypotheses, we designed three studies. Part 1
of the thesis tests the hypotheses 1 through 5. This part
includes the first two studies that were epidemiological
studies comparing mortality in patients suffering dyspnea
to mortality in patients suffering other symptoms in two
different patient populations. Post-hoc analyses of these
data were designed to identify high-risk patients and to
evaluate ECG-based triage for identification of high-risk
patients. Part 2 of the thesis tests hypothesis 6 and
includes the third study, which was is a randomized
controlled study examining whether supplementing the
routine diagnostic work-up by prehospital emergency
physician with NT-proBNP could improve management
of patients with dyspnea of cardiac origin.

North&

Central&

Capital&

Southern&

Zealand&

3.2&Setting&
The three studies were conducted in a Danish prehospital
setting. Health care, including prehospital emergency
medical services, in Denmark is tax supported and free of
charge. The organization of health care is divided into
five geographical regions.66 The emergency telephone
number in Denmark is 1-1-2. When a person dials 1-1-2,
a police operator answers the call and registers the
address. In case of a medical emergency, the call is
redirected to one of five regional emergency medical
communication centers.12 A health care professional (a
nurse, a paramedic or a physician) determines the level of
emergency as A through E, where A cases receive an
emergency response with horns and sirens and E cases
receive no transportation, but are advised about
management of the condition.12 At dispatch, the level of
emergency and the cause of medical emergency call,
being either a dominant symptom or a mechanism of
accident according to one of 37 different dispatch
criteria, are registered as an alphanumeric dispatch code
(Appendix 1.1).12
Reponses are two-tiered. The first tier includes groundbased ambulances staffed with EMTs and/or
paramedics. The second tier includes prehospital critical
care teams in rapid response vehicles dispatched to lifethreatening or potentially life-threatening conditions
staffed by paramedics, nurses, or doctors. The staffing of
the critical care teams varies between the five Danish
regions. The Central Denmark Region, the Capital
Region of Denmark and the Southern Region of
Denmark primarily use physicians and some nurses,
whereas Region Zealand uses paramedics and the
Northern Region of Denmark utilizes a mixture of these
two models. Three national helicopter emergency
medical services are dispatched to patients with cardiac
arrest, suspected ST-elevation acute myocardial
infarction, suspected major trauma, suspected major
stroke, and pediatric emergencies in remote areas.67,68
Figure 5 shows the five Danish regions and the
distribution of physician staffed critical care teams

Figure 5 – Danish Regions and physician staffed critical
care teams. The Central Denmark Region and the rapid
response vehicles, where study III was conducted, are
highlighted. &

in rapid response vehicles and helicopters.
Field services are subsidized and private contractors
operate the individual units (ambulances, rapid response
vehicles, and helicopters).
A number of patient groups are triaged directly from the
prehospital setting to specialized hospital care. In case of
STEMI, out-of-hospital cardiac arrest (OHCA) with no
obvious non-cardiac cause, and cardiogenic shock,
patients are triaged directly to a pre-alerted
catheterization laboratory at an invasive heart center for
coronary angiography and primary percutaneous
coronary intervention.26 This is achieved by ECG-based
telemedical triage.25,26,69 A national initiative attempts to
improve triage of major stroke patients in a similar
fashion.70 In case of major trauma, patients are triaged
directly to a level 1 trauma center.68,71 Patients not triaged
directly to specialized care center are generally referred to
the closest regional hospital receiving acute patients.
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3.3&Part&1&–&Mortality&and&etiology&
studies&
Study I and study II were observational population-based
follow-up studies reported according to the
Strengthening the Reporting on Observational Studies in
Epidemiology guidelines.72
3.3.1&Participants&
Study I included patients suspected of AMI and triaged
by ECG-based telemedicine in an ambulance in the
Central Denmark Region from 1 June 2008 to 1 January
2013. Study II included all patients dialing the emergency
number 1-1-2 due to a medical emergency in the Central
Denmark Region, the Capital Region of Denmark and
the Southern Region of Denmark from 1 July 2011 to 31
December 2012.
3.3.2&Data&sources&
Participants for study I were identified in the Danish
Tele-database, which contains information about all
patients undergoing ECG-based telemedical triage.
Ambulance personnel establish telemedical contact to an
on-call cardiologist at a department of cardiology in
suspicion of AMI according to predefined criteria:
• Chest pain, on-going or onset within the past 12
hours and/or clinical suspicion of AMI (e.g. pallor
and diaphoresis)
• Recent onset dyspnea (within the past 12 hours) and
no known lung disease
• Other symptoms raising suspicion of heart disease
(e.g. syncope/somnolence, palpitations,
abdominal/back pain, intoxication etc.)
• Following resuscitation from OHCA
The on-call cardiologist registers civil registration
number, information on patient presentation (symptoms
and vital signs), ECG findings, overall interpretation and
treatment given in the Tele-database. For study I, we
extracted the time of telemedical triage, the predominant
symptom/condition causing telemedical triage, vital signs
(from first patient encounter in the ambulance), ECG
findings, interpretation and the patient’s civil registration
number.
Participants for study II were identified through a
database containing information on ambulance
dispatches in each of the three regions. These databases
contain information on dispatch codes (and thus level of
emergency and dispatch criteria), civil registration
numbers and different time stamps for departure, arrival
on-scene, hospital delivery etc. The study included all
patients assigned level of emergency A through D (i.e. all
patients receiving some kind of ambulance
transportation). For study II, we extracted the time of
emergency call, the dispatch code, and the patient’s civil
registration number for all contacts to an emergency
medical communication center in the three regions. The
contact was excluded when an invalid dispatch code was
registered, or when the civil registration number was
invalid or missing.

3.3.3&RegisterAbased&research&
The Danish civil registration number is a unique personal
identification number that enables unambiguous linkage
to public Danish registries. The Danish Civil Registration
System contains daily updated vital status on all Danish
citizens.73 The Danish National Patient Registry contains
information on all hospital admissions including
diagnoses according to the 10th version of the
International Classification of Disease (ICD-10).74 The
Danish Civil Registration System and The Danish
National Patient Registry supply accurate information on
vital status and diagnoses.73,74 For study I and II, we
retrieved vital status from the Danish Civil Registration
System and diagnoses from the Danish National Patient
Registry assigned to each individual patient before and
after the index event, which was telemedical triage for
study I and medical emergency call for study II.
3.3.4&Exposures&and&outcomes&
For study I, the predominant symptoms/conditions
leading to suspicion of AMI and telemedical triage were
defined as exposures. For study II, the 37 individual
dispatch criteria were grouped into major causes of
medical emergency call according to Appendix 1.2. These
groups were defined as exposures. We added a subgroup
analysis for patients suffering dyspnea dependent on
known preexisting heart and/or lung disease.
The primary outcome for both studies was 30-day
mortality. For study I, the secondary outcomes were
long-term mortality (up to 4 years), mortality in
subgroups of patients suffering dyspnea and chest pain
with and without confirmed AMI, and primary cause of
dyspnea. As part of study I, we developed an algorithm
to determine the primary cause of dyspnea by ICD-10
codes (Appendix 2) assigned during the following
hospital admission. We validated the algorithm by an
endpoint adjudication committee assessment (see Paper
I). In the thesis, I also present unpublished results of a
post-hoc analysis grouping patients suffering dyspnea
according to interpretation at telemedical triage, i.e. signs
of STEMI or bundle branch block myocardial infarction
(BBBMI), signs of NSTEMI or unstable angina pectoris
(UAP), or no signs of acute coronary syndrome (ACS).
For study II, secondary outcomes were mortality at day
1, day 7, and 1 year. In the thesis, I also present an
unpublished post-hoc analysis exploring short-term
mortality according to the primary diagnosis assigned
during the following hospital admission using a modified
version of the algorithm developed in study I (see
Appendix 3).
3.3.4&Confounder&adjustment&and&Charlson&
Comorbidity&Index&
To substantiate that any differences in mortality observed
among patients suffering dyspnea and other patient
groups was not only caused by patient characteristics, we
adjusted for potential confounders that may affect
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3.3.6&Survival&analysis,&emergency&medicine&and&nonA
proportional&hazards&
The method used in study I and study II differ from
conventional survival analysis and requires a justification
of the chosen approach. Survival analyses in
epidemiological studies are ideally based on time-to-event
data. The studies include participants experiencing an
index event (the exposure), identified as a disease or a
symptom necessitating ambulance dispatch, in a specific
time period. 79,80 Participants are subsequently followed
over time for the occurrence of another event (the
outcome), like disease complication, surgery, or death,
until a specified follow-up date. Participants experiencing
the index event in the end of the study period have
shorter follow-up times and a lower probability of
experiencing the outcome event than patients included in
the beginning of the study period. For all patients not
experiencing the outcome event, survival time is rightcensored, i.e. the event may happen just the day after
termination of the follow-up period and we do not
know.79,80 Including only patients with complete followup to a specific follow-up time is a possibility, but the
inherent information in even shorter follow-up periods is
important and should not be disregarded.79,80 The
Kaplan-Meier estimate is a computation of probabilities
that an event occurs during specified time intervals, using
a conditional probability best explained by Bland &
Altman: “the probability of being a survivor at the end of
the interval on condition that the subject was a survivor
at the beginning of the interval”81. These probabilities
can be graphically depicted as Kaplan-Meier cumulative
incident curves.
When the curves differ between two or more groups, we
want to know whether the difference is statistically
significant. The logrank test and the Cox proportional
hazards regression are the most used methods to achieve
this information.82 The logrank test provides a
comparison of the total survival experience of two or
more groups. However, survival analysis at specific time
points is not possible, and the test is not valid when
survival curves cross or when hazards are not
proportional (Figure 6), and it yields no estimate of the
size of the difference – it only provides a p-value for
testing the null-hypothesis of no difference.82,83 The Cox

Kaplan-Meier cumulative mortality estimates
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mortality. We considered the following as potential
confounders: Age, sex, comorbidities, smoking status,
pulmonary function and left ventricle ejection fraction
before index event, and vital signs. In study I, we
adjusted for age, sex, Charlson Comorbidity Index (CCI)
group, systolic blood pressure, and heart rate. In study II,
we adjusted for age, sex and CCI group. Calculation of
the CCI is one of several possible methods to describe
the cumulative load of comorbidities in a patient.75
Advantages of the CCI comprise the option to use ICD10 codes retrieved from the Danish National Patient
Registry and that this approach is extensively validated.7678 We were unable to obtain data about smoking status,
pulmonary function and left ventricle ejection fraction.
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Figure 6 – Examples of Kaplan-Meier cumulative
mortality curves with non-proportional hazards (top) and
crossing curves (bottom)&

regression (or the proportional hazards regression) yields
an estimate of the size of the difference. However, it is a
central assumption that hazards should be proportional
(i.e. the curves should be parallel). Like the logrank test,
the Cox regression does not render estimation of
differences in survival at specific time points&possible.
Raw Kaplan-Meier estimates yield risks approximation at
specific time points, but there are no possibilities for
adjustment.
The pseudovalues approach relies on a transformation of
data described by Klein et al.84,85 Although
mathematically more complex, the approach is not
different from logarithmic transformation and the
pseudovalues can be used in a generalized linear
regression. Advantages of this approach include no
assumption of proportional hazards, the possibility for
survival analysis at specific time points and the
calculation of both unadjusted and confounder adjusted
risk differences and risk ratios. The possibility of survival
analysis at specific time points is highly relevant in
emergency medicine because we are often interested in
the development over time in the first 1, 7 or 30 days. In
addition, risk ratios and risk differences are generally
easier to interpret than the hazard ratios provided by the
Cox regression.
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In study I, we calculated adjusted risk differences and in
study II we calculated adjusted risk ratios by a generalized
linear regression using pseudovalues. Analyses were
conducted in STATA12 and 13 respectively (StataCorp
LP, Texas, USA) according to the method described by
Parner and Overgaard.86,87 P-values of <0.05 was
considered to be significant and 95% confidence intervals
(CIs) were used.

3.4&A&Part&2&–&PointAofAcare&diagnostic&
study&
Study III was a multicentre, single-blinded, randomized,
and controlled study (ClinicalTrials.gov identifier
NCT02050282). Nine physician staffed prehospital
critical care teams conducted the study in the Central
Denmark Region from 5 February 2014 to 16 July 2015.
3.4.1&Participants&&
Prehospital critical care team physicians included patients
attended due to severe dyspnea. Severe dyspnea was
defined as patient-experienced dyspnea plus one of more
objective signs of respiratory distress, including:
• Respiration rate > 20 or < 8 /min
• Saturation < 96% without supplementary oxygen
• Heart rate > 100 or < 50 /min
• Systolic blood pressure < 100 or > 200 mmHg
• Difficulty talking
• Central or peripheral cyanosis
• Use of accessory muscles of respiration
• Glasgow coma score < 15
We established no exclusion criteria.
All patients underwent a clinical assessment by the
critical care team physician as described in the
introduction. In all patients, a 5.5 mL blood sample was
drawn from the peripheral venous catheter that is
routinely inserted.

Figure 7 – COBAS h232h and Roche Cardiac proBNP
assay in use in the ambulance&

3.4.3&Education&
Before initiation of the study, we educated the physicians
in the diagnostic performance of NT-proBNP. The
education included an initial one-hour educational
session at the hospital department, where each physician
was employed. We also developed a 10-minute study
instruction video for study III. This is accessible from a
hidden youtube channel: https://youtu.be/mScYxcTYNU. All physicians were obligated to view this at
least once. In total it was accessed 594 times. We also
developed a pocketsize leaflet including study
instructions and rule-in and rule-out cut-points based on
the study by Januzzi et al58 (Table 1). The entire leaflet is
presented in Appendix 4 (in Danish). The physicians
were informed to make decisions by complete patient
assessment, not strictly based on NT-proBNP cut-points.

Table 1. NT-proBNP cut-points used in
study III
Patient category

Cut-point

Heart failure very likely
< 50 years

> 450 pg/ml

50-75 years

> 900 pg/ml

> 75 years

> 1800 pg/ml

Heart failure very unlikely

3.4.2&Randomization&and&intervention&
Patients were randomized electronically by iPad
according to a computer-generated randomization
scheme in a 1:1 ratio without stratification to one of two
strategies:
1. Routine diagnostic work-up
2. Routine diagnostic work-up supplemented with
point-of-care NT-proBNP measurement.
In patients randomized to the strategy with
supplementary NT-proBNP measurement, 150 µL blood
was analyzed immediately using a handheld Roche
COBAS h232 device and the Roche Cardiac proBNP
assay (Roche Diagnostics, GmBH, Mannheim, Germany)
(Figure 7). The remaining blood sample followed the
patient to the hospital for storage in a biobank.

All age groups

< 300 pg/ml

3.4.4&Outcome&measures&
The primary endpoint was the proportion of patients
suffering dyspnea of cardiac origin triaged directly to a
department of cardiology. The secondary endpoints were
1) the proportion of patients with dyspnea from noncardiac causes triaged directly to department of
cardiology 2) the proportion of patients with a correct
prehospital diagnosis of congestive heart failure in the
ambulance and the proportion of patients where
congestive heart failure were correctly disproved in the
ambulance (this endpoint was included after initiation of
the study and inclusion of the first 115 patients based on
feedback from a funding application) 3) the proportion
of patients suffering cardiac dyspnea given pulmonary
medication 4) length of hospital stay, need of ICU
treatment, all-cause re-hospitalization rate and all-cause
30-day mortality.
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3.4.5&Data&collection&
The critical care team physicians registered all prehospital patient data. Vital signs, Killip classification, NTproBNP values, airway management, medication,
department triage, and assessment of the primary cause
of dyspnea were registered on a paper-based registration
sheet (translated version of the registration sheet is
presented in Appendix 5). The physicians were instructed
to bring this to the ambulance station, at which it was
collected by the local secretary and sent to the central
study administration. All data were then entered into a
web-based database. NT-proBNP values were crossed
checked with COBAS software to check for
randomization violations.
Baseline characteristics were obtained from electronic
patient files, except for data on previous cancers that
were obtained from the Danish National Patient
Registry.74 Data on mortality, length of hospital stay,
intensive care unit admissions and re-admissions were
obtained from the Danish Civil Registration System and
the Danish National Patient Registry.73,74
3.4.6&EndApoint&adjudication&committee&
An endpoint adjudication committee consisting of two
cardiologists (one specialist and one in training) and two
anesthesiologists (one specialist and one in training)
determined the final diagnoses as dyspnea of primary
cardiac origin, dyspnea of primary pulmonary origin and
dyspnea of other origins dependent on the totality of the
diagnostic findings during the following hospital
admission. A primary cause of heart disease presumed to
be acute heart failure was also adjudicated. Adjudicators
had access to patient files, ECGs, blood samples, thorax
x-ray/computed tomography, echocardiography and
when they were conducted, pulmonary function test. All
material was blinded for randomization outcome and
prehospital NT-proBNP results. All patients were
assessed by at least one specialist in either cardiology or
anesthesiology. When adjudicators agreed, the
adjudication was final. When adjudicators did not agree, a
third adjudicator assessed the previous adjudications and
chose one of these. We accepted this majority vote as
final. The endpoint adjudication committee adjudicated
whether patients fulfilled any predefined criteria for acute
heart failure (not only when it was a primary cause), acute
myocardial infarction, pneumonia and/or sepsis. We
used the definition for acute heart failure provided in
2005 European Society of Cardiology guidelines on the
diagnosis and treatment of acute heart failure.88 We used
the third universal definition for myocardial infarction
provided by Thygesen et al.89 We used modified criteria
for pneumonia also used in the Biomarkers in Acute
Heart Failure trial, i.e. requiring radiological confirmation
of pneumonia.90 We used the following criteria for sepsis:
documented infection (obvious clinical, radiological or by
blood culture) and two or more systemic inflammatory
response syndrome criteria, the following for severe
sepsis: sepsis + one or more signs of organ dysfunction,
and the following for septic shock: sepsis and mean

arterial blood pressure (MAP) < 60 mmHG or systolic
blood pressure < 90 in spite of adequate fluid
resuscitation.91
3.4.7&Statistical&analysis&
Primary study results were analyzed according to an
intention-to-treat approach. We used Chi-square test to
compare all primary and secondary outcome measures,
except for hospital length of stay, in which a Wilcoxon
ranked sum test was used. For determination of
diagnostic performance, we calculated sensitivities,
specificities, positive predictive value and negative
predictive value for each primary cause of dyspnea as
assessed by the prehospital critical care team physicians.
Diagnostic performance measures were compared with
Chi-square test. Analyses were performed in STATA13.
Relying on our preliminary data from studies I and II, we
assumed that 14% of the included patients would suffer
from dyspnea of cardiac origin and that the proportion
of patients initially admitted to department of cardiology
could be increased from 30% to 60% by use of the
biomarker. We then needed 350 patients in every group
with and alfa = 0.05 and a 1-beta = 0.80.

3.5&General&methodological&
considerations&
3.5.1&Missing&data&and&sensitivity&analyses&
Missing data and randomization violations are
encountered in medical research predominantly in the
acute setting of prehospital research, where the need for
immediate action is required. The randomized study of
the present thesis is no exception and missing data were
also encountered in our observational studies.
Consequently, sensitivity analyses are important to test
the robustness of the data.92,93 Multiple ways are possible
to manage these issues and involve exclusion of
participants, generating data by imputation or weighted
generalized estimating equations, and making
assumptions.92
In study I, missing data was not a major issue. Even so,
we performed sensitivity analysis related to distinct ways
of incorporating age and comorbidities into the
regression analysis.
In study II, the use of dispatch software not designed for
research resulted in a relatively high number of missing
data. In the primary analysis, contacts missing crucial data
were excluded, but we performed sensitivity analysis
making different assumptions on outcomes for contacts
lacking Civil Registration Number and reported all
missing data and results of the sensitivity analysis
according to guidelines72
In study III, we needed to address missing data as well as
randomization violations. Among crucial data, the most
frequently missing data were assessments of the primary
cause of dyspnea established by the prehospital critical
care team physicians. In case of missing registration
sheets or missing information on the registration sheets,
we obtained all other information registered by the
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physicians. This included ambulance reports, mission
commentaries (prosaic statement on medical history,
clinical findings and treatment given) and diagnoses
according to the ICD-10 that were routinely issued
following all physician-based prehospital missions. We
reviewed the individual ambulance reports, commentaries
and ICD-10 codes and extracted the assessment of
primary cause of dyspnea only if it could be
unambiguously transferred from ambulance report
and/or commentary. In some cases, the assessed primary
cause seemed obvious although the information was
conflicting. In these cases, a clarifying email was sent to
the physician who included the patient. We compared the
distribution of primary cause of dyspnea in the
ambulance with and without data from those patients in
whom the information was extracted from ambulance
files and/or commentaries in accordance with
recommendations.92-94
When we obtained electronic registrations on NTproBNP measurements from COBAS software, we
uncovered randomization violations in study III. The
primary analyses were scheduled on an intention-to-treat
approach only excluding patients that did not provide
written informed consent after initial inclusion. It might
be argued that this is not a true intention-to-treat
analysis95, but it is the most strict approach when we
need to oblige to the emergency research paragraph
(please see next section). We performed a sensitivity
analysis based on whether NT-proBNP was actually
measured or not (i.e. according to de facto intervention)
and reported this according to guidelines.96.
&
3.5.2&Ethics&
Studies I and II were approved by the Danish Data
Protection Agency (Study I: File nr. 1-16-02-158-12,
Study II: File nr. 1-16-02-130-15) and the National Board
of Health (Study I: File nr. 3-3013-247/1, Study II: File
nr. 6-8011-953/1).
The Central Denmark Region Committee on Biomedical
and Research Ethics approved Study III as an emergency
research project (approval nr 1-10-72-317-13), allowing
us to include patients prior to informed consent.
Subsequent oral and written informed consent was
obtained from all participants or next of kin and general
practioner by one of nine PreBNP investigators. The
study complied with the Declaration of Helsinki.
&
&

Dyspnea&in&the&ambulance&–&mortality,&etiology&and&point9of9care&diagnostics&

14&

4.&Results&

4.&Results&
4.1&Part&1&–&Mortality&and&etiology&
We included 17,398 patients suspected AMI and triaged
by ECG-based telemedicine in study I and followed them
for a median 2.4 years (IQR: 1.3 – 3.7). We included
142,125 unselected medical emergency callers in study II
and followed them for a median 9.9 months (interquartile
range (IQR) 6.7 – 14.8). Figure 8 show study flow charts
and presents the distribution of participants into
symptom categories for each of the two studies.
4.1.1&Baseline&characteristics&
Baseline characteristics from participants suspected of
AMI and undergoing ECG-based telemedical triage
included in study I are presented in Table 2, p. 16.
Baseline characteristics from unselected medical
emergency callers included in study II are presented in
Table 3, p. 17. Patients with dyspnea were older and had
more comorbidities than any other comparison group in
both study I and study II. The dyspneic patients
suspected of AMI and undergoing ECG-based
telemedical triage included in study I were older and had
more comorbidities than the unselected dyspneic medical
emergency callers included in study II. This difference
did not apply to subgroups of patients with chest pain
and cardiac arrest.
4.1.2&Symptoms&and&mortality&
Patients telemedically triaged following resuscitation
from OHCA had the highest mortality rate in study I

(Figure 9, p. 18). Consistent with this,
unconscious/cardiac arrest patients had the highest
mortality rate in study II (Figure 10, p. 18). Although
patients suffering dyspnea did not have mortality as high
as cardiac arrest/unconscious patients, dyspneic patients
had higher mortality than any of the remaining
comparative patient groups among those telemedically
triaged in study I as well as among unselected medical
emergency callers in study II (Figure 9 and 10, p. 18).
The 30-day mortality rate in telemedically triaged
dyspneic patients in study I was 13% (12 – 15) compared
to 2.9% (2.6 -3.2) in those with chest pain and 5.8% (5.0
– 6.6) in those with other symptoms. The differences in
mortality remained significant even after adjusting for
age, sex, comorbidity, systolic blood pressure and heart
rate (Table 4, p. 19). The differences also persisted
irrespective of a confirmed MI diagnosis and persisted up
to 4-years of follow-up (Table 4, p. 19).
Among unselected medical emergency callers in study II,
30-day mortality was 12% (12-13) in patients suffering
dyspnea compared to 2.8% (2.5 – 3.0) in patients with
chest pain, 6.0% (5.6 – 6.3) in patients with neurological
symptoms, 2.3% (2.5-2.5) in patients subject to accident
or trauma, and 4.4% (4.2-4.6) in the group of other
medical emergency callers. Adjusted for age, sex and
comorbidity, these differences in mortality remained
statistically significant. The differences were also present
at all time points - day 1, day 7, day 30 and 1-year of
follow-up (Table 5, p. 20).
&
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Figure 8 – Study flow diagrams for study I and study II. Reproduced from study I and study II.&
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Variables

1,274 (10)

644 (5)

3-4

≥5

4,201 (34)

1,381 (11)

Ischaemic heart disease

Chronic pulmonary disorder

Dyspnea&in&the&ambulance&–&mortality,&etiology&and&point9of9care&diagnostics&

88 (77-99)

82 (70-98)

Diastolic

Heart Rate

11,451

11,411

11,449

12,230

1,361
1,373

95 (80-116)

1,362

1,464

1,464

1,464

1,464

Valid Cases

87 (74-102)

148 (128-170)

354 (24)

510 (35)

355 (24)

185 (13)

279 (19)

517 (35)

483 (33)

760 (52)

76 (65-84)

Dyspnea
(n = 1,464)

Binary data are compared using chi-squared test, continuous data are compared using Kruskal Wallis test

Continuous data presented as median (IQR) and categorical data presented as number (%)

146 (129-166)

Systolic

Blood pressure, mmHg

Clinical parameters

1,164 (10)

Heart failure

Specific diagnoses

4,016 (33)

1-2

12,230

12,230

7,061 (58)

6,296 (51)

12,230

65 (53-76)

0

Charlson comorbidity index

Preexisting comorbidities

Sex (male)

Age, median, y

Demographics

Chest pain
(n = 12,230) Valid Cases

92 (76-105)

83 (66-102)

129 (107-148)

16 (10)

38 (23)

19 (12)

6 (4)

11 (7)

57 (35)

90 (55)

114 (70)

67 (57-79)

127

123

124

163

163

163

163

Cardiac arrest
Valid Cases
(n = 164)

82 (67-101)

82 (70-94)

138 (120-158)

402 (11)

1,027 (29)

529 (15)

226 (6)

441 (12)

1,235 (35)

1,638 (46)

2,098 (59)

71 (59-81)

Other
(n = 3,540)

3,242

3,231

3,240

3,540

3,540

3,540

3,540

Valid Cases

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

p

Table 2. Baseline characteristics for patients suspected of myocardial infarction triaged by use of ECG-based telemedicine in study I
(n = 17,398). Stratified according to indication for telemedical triage. Reproduced from study I.
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1,661 (17.2)
903 (9.4)

3-4

≥5
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116 (2.1)

245 (2.6)

* Weight in the Charlson Comorbidity Index

Neurology

Accidents &
trauma

Other emergency
callers

193 (0.9)

2,027 (9.7)

744 (3.6)

1,175 (5.6)

2,066 (9.9)

2,416 (11.5)

2,349 (11.2)

1,780 (8.5)

2,416 (11.5)

2,805 (13.4)

1,091 (5.2)

2,381 (11.4)

6,823 (32.5)

10,650 (50.8)

11,519 (55.0)

64 (50 - 76)

240 (1.4)

1,755 (9.9)

526 (3.0)

730 (4.1)

1,312 (7.4)

1,492 (8.4)

3,440 (19.3)

1,027 (5.8)

887 (5.0)

639 (3.6)

818 (4.6)

1,713 (9.6)

5,387 (30.2)

9,886 (55.5)

9,318 (52.3)

62 (37 - 77)

283 (0.7)

2,797 (6.7)

742 (1.8)

963 (2.4)

2,009 (4.9)

3,011 (7.4)

2,986 (7.3)

1,449 (3.6)

1,474 (3.6)

897 (2.2)

982 (2.4)

2,439 (6.0)

8,785 (21.5)

28,578 (70.6)

20,929 (51.3)

52 (25 - 74)

649 (1.4)

4,316 (9.1)

1,405 (3.0)

2,512 (5.3)

4,545 (9.6)

4,144 (8.7)

4,201 (8.9)

2,370 (5.0)

2,210 (4.7)

1,524 (3.2)

2,154 (4.5)

3,985 (8.4)

12,239 (25.8)

29,044 (61.2)

23,715 (50.0)

52 (30 - 72)

n = 20,945 (14.7%) n = 17,804 (12.5%) n = 40,784 (28.7%) n = 47,422 (33.4%)

Chest pain

Continuous data presented as median (IQR) and categorical data presented as number (%)

Abbreviations: CCI; Charlson Comorbidity Index

Metastatic cancer (3)

239 (4.3)
711 (12.8)

493 (5.1)

317 (5.7)

527 (9.5)

732 (13.2)

753 (13.5)

453 (8.1)

552 (9.9)

310 (5.6)

364 (6.5)

705 (12.7)

1,772 (31.8)

2,722 (48.9)

3,169 (57.0)

68 (52-80)

Unconscious/
cardiac arrest
n = 5,563
(3.9%)

1,483 (15.4)

Renal disease (2)

Cancer (2)

556 (5.8)

Diabetes complications (2)

4,118 (42.8)

Pulmonary disease (1)
955 (9.9)

1,228 (12.7)

Cerebral vascular incident (1)

Diabetes (1)

933 (9.7)

1,339 (13.9)

Peripehral vascular disease (1)

Congestive heart failure (1)

Acute myocardial infarction (1)

694 (7.2)

3,962 (41.2)

1-2

Specific diagnoses (weight*)

3,081 (32.1)

0

CCI group

Comorbidities

69 (51 - 80)
4,613 (48.0)

Sex (male)

n = 9,607
(6.8%)

Age, y

Demographics

Variables

Dyspnea

Table 3. Baseline characteristics for unselected medical emergency callers included in study II (n = 142,125). Stratified according
to cause of medical emergency call. All valid cases.
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Table 4. Generalized linear regression analysis of covariates associated with
mortality at 30 days and 4 years in study I patients suspected of myocardial infarction
triaged by use of ECG-based telemedicine (n = 15,578 cases with complete data).
30-day mortality

Covariates

4-year mortality

Risk difference (95%
CI)

P value

Risk difference
(95% CI)

P value

0.19% (0.17 to 0.21)

<0.001

0.9% (0.8 to 1.0))

<0.001

Demographics
Age, per 1-y increase
Comorbidity
Charlson Comorbidity Index
0

1 [Reference]

1 [Reference]

1-2

0.1% (-0.6 to 0.8)

0,591666667

7.2% (5.4 to 8.9)

<0.001

3-4

1.6% (0.3 to 2.8)

0.017

22% (19 to 26)

<0.001

≥5

6.4% (4.3 to 8.6)

<0.001

39% (35 to 44)

<0.001

Clinical characteristics
Systolic blood pressure
<120

1 [Reference]

1 [Reference]

120-139

-4.9% (-6.2 to -3.6)

<0.001

-3.7% (-6.2 to -1.2)

0.004

140-159

-6.0% (-7.3 to -4.8)

<0.001

-7.3% (-9.9 to -4.8)

<0.001

≥160

-7.8% (-9.1 to -6.5)

<0.001

-11% (-13 to -8.0)

<0.001

Heart rate
<70

1 [Reference]

1 [Reference]

70-84

1.3% (0.5 to 2.1)

0.001

4.1% (2.0 to 6.3)

<0.001

85-99

2.2% (1.3 to 3.1)

<0.001

5.2% (2.9 to 7.5)

<0.001

≥100

3.2% (2.2 to 4.1)

<0.001

8.7% (6.5 to 10.9)

<0.001

Patient category
Chest pain, no MI

1 [Reference]

Chest pain and MI

1.8% (0.8 to 2.8)

<0.001

1.7% (-0.7 to 4.0)

0.167

Dyspnea, no MI

7.3% (5.5 to 9.2)

<0.001

16% (12 to 19)

<0.001

Dyspnea and MI

12% (5.7 to 20)

<0.001

21% (11 to 32)

<0.001

Other

1.7% (0.8 to 2.6)

<0.001

3.8% (1.7 to 5.8)

<0.001

26% (18 to 34)

<0.001

20% (11 to 29)

<0.001

Cardiac arrest

1 [Reference]

Abbreviations: MI, myocardial infarction

&
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1.0 [Reference]

Adjusted RR (95% CI)

Abbreviations: RR; Relative Risk

Adjusted RR (95% CI)

Cumulative mortality rate (95% CI)

Day 365

Adjusted RR (95% CI)

Cumulative mortality rate (95% CI)

5.5 (5.1 - 5.9)

47.1% (45.8 – 48.1)

9.1 (8.2 – 10.0)

44.0% (42.7 – 45.3)

Unconscious/
cardiac arrest
(n = 5563)

3.6 (3.4 - 3.8)

1.0 [Reference]

1.8 (1.7 - 1.9)

27.7% (26.7 – 28.7) 54.7% (53.4 – 56.1)

1.0 [Reference]

12.3% (11.7 – 13.0) 49.3% (48.0 – 50.7)

1.0 [Reference]

Adjusted RR (95% CI)

Day 30 (primary endpoint)

8.0% (7.5 - 8.6)

Cumulative mortality rate (95% CI)

Day 7

4.6% (4.2 - 5.0)

Cumulative mortality rate (95% CI)

Day 1

(n = 9607)

Dyspnea

0.4 (0.4 - 0.5)

8.5% (8.1 - 9.0)

0.3 (0.2 - 0.3)

2.8% (2.5 - 3.0)

0.2 (0.2 - 0.3)

1.7% (1.6 - 1.9)

0.2 (0.2 - 0.3)

1.1% (1.0 - 1.2)

(n = 20 945)

Chest pain

0.7 (0.7 - 0.8)

14.1% (13.6 – 14.7)

0.6 (0.6 - 0.7)

6.0% (5.6 - 6.3)

0.6 (0.5 - 0.7)

3.8% (3.5 - 4.1)

0.6 (0.5 - 0.7)

2.2% (1.9 - 2.4)

(n = 17 804)

Neurology

0.5 (0.5 - 0.6)

7.8% (7.5 - 8.1)

0.3 (0.3 - 0.3)

2.3% (2.2 - 2.5)

0.2 (0.2 - 0.2)

1.1% (1.0 - 1.2)

0.1 (0.1 - 0.2)

0.5% (0.4 - 0.6)

Accidents &
trauma
(n = 40 784)

0.7 (0.7 - 0.7)

11.1% (10.8 – 11.4)

0.5 (0.5 - 0.6)

4.4% (4.2 - 4.6)

0.5 (0.5 - 0.5)

2.8% (2.6 - 2.9)

0.5 (0.5 - 0.6)

1.7% (1.6 - 1.9)

Other emergency
callers
(n = 47 422)

Table 5. Cumulative mortality rates and age-, sex-, and comorbidity-adjusted relative risks of death according to cause of medical
emergency call using patients with dyspnea as reference group, study II (n = 142,125)
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4.1.3&High&risk&groups&based&on&AMI&diagnosis&and&
ECG&interpretation&
According to the algorithm used in study I, the primary
diagnosis was a heart disease in 47% (692/1464) of
patients telemedically triaged because of dyspnea, but
only 8.3% (121/1464) were diagnosed with an MI. In
patients with chest pain, 19% (2319/12 230) were
diagnosed with an AMI. Among patients suffering
dyspnea, those diagnosed with an AMI did not have
significantly higher mortality than those not diagnosed
with an AMI (Table 4, p. 19). Patients suffering dyspnea,
not diagnosed with an AMI had higher mortality than
patients with chest pain, who were diagnosed with an
AMI (Table 4, p. 19). Post-hoc analyses from Study I
data only presented in this thesis in the subgroup of
patients with dyspnea demonstrated that
STEMI/BBBMI was suspected in 3.7% (54/1,464) at
telemedical triage. NSTEMI/UAP was suspected in 18%
(267/1,464) and signs of ACS were absent in 78%
(1,143/1,464). Cumulative mortality rates according to
these groups are presented in Figure 11, p. 18. Adjusted
for age and sex, those with suspected STEMI/BBBMI
had significantly higher short-term mortality than those
not suspected of ACS with a RR at day 30 of 1.9 (1.1 –
3.1). We found no difference in mortality between those
suspected of NSTEMI/UAP and those with no signs of
ACS.

4.1.5&Sensitivity&analysis&
Using other methods to adjust for age and comorbidity
(including specific diseases rather than CCI) did not
change the overall findings of study I in patients triaged
by ECG-based telemedicine. Patients suffering dyspnea
still had significantly higher 30-day mortality than
patients with chest pain.
Inclusion of patients not receiving an ambulance in study
II did not change the results (Appendix 6). More
unconscious/cardiac arrest patients (21%), trauma
patients (20%) and “other medical emergency callers”
(21%) had unknown Civil Registration Number than
patients with chest pain (14%), dyspnea (16%), and
neurological symptoms (16%) at emergency call.
Assuming either that medical emergency callers with
unknown Civil Registration Number died at day one or
that they lived to median follow-up time changed the
relative risks, but not the overall finding that patients
suffering dyspnea had higher mortality than all other
groups, except for unconscious/cardiac arrest patients.

4.1.4&High&risk&groups&based&on&preexisting&disease&
and&subsequent&diagnoses&
Patients with preexisting heart disease or a combination
of heart and lung disease at medical emergency call had
higher mortality than patients with lung disease or neither
heart nor lung disease among patients suffering dyspnea
in Study II (see Paper II, Table 4). However, adjusted for
age and sex, differences were minor and patients without
preexisting heart or lung disease had higher adjusted
mortality than patients with preexisting lung disease or a
combination of heart and lung disease at some time
points. In post-hoc analyses on the study II population,
the primary diagnosis among dyspneic medical
emergency callers receiving a certain diagnosis was heart
disease in 16% (985/6201) and 4.8% (299/6201) were
primarily diagnosed with heart failure. The primary cause
was lung disease in 55% (3435/6201) and 17%
(1204/6201) were diagnosed with pneumonia. The
primary cause was other disease in 29% (1781/6201) and
1.8% (109) were primarily diagnosed with sepsis.
Cumulative mortality curves for these groups are
presented in Figure 12, p. 18. Adjusted for age and sex,
patients suffering sepsis consistently had the highest
short-term mortality (day 1, 7, and 30), but patients
suffering heart failure, pulmonary infections and “other
diseases” also had higher mortality than patients with
other lung disease.
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4.2&Part&2&–&PointAofAcare&diagnostics&
In study III, 711 patients suffering severe dyspnea were
included into the final analysis (Figure 13). Of these, 351
patients were randomized to supplementary NT-proBNP
measurement and 360 to routine diagnostic work-up.
Equipment failures in 25 patients, insufficient blood
sampling in 5 patients and randomization violations in 5
patients led to missing measurement of NT-proBNP in
35 patients in the NT-proBNP group. Randomization
violations led to NT-proBNP measurement in 70
patients in the routine work-up group.
4.2.1&Baseline&characteristics&
Table 6 presents baseline characteristics for study III
participants. Pulmonary disease was more prevalent while
the number of smokers was lower in the NT-proBNP
group than in the routine work-up group.
4.2.2&Missing&data&on&primary&cause&of&dyspnea&in&
the&ambulance&
Registration sheet information about the primary cause
of dyspnea assessed by the physicians in the ambulance
was missing in 222 patients. In 114 patients, the
information could be unambiguously transferred from
ambulance reports and/or commentaries. In 17 cases, a
clarifying email was sent to the attending physician and in
14, an answer was received. In 94 cases, the primary
cause of dyspnea could not be validly established. The

diagnostic distribution among the 128 manually extracted
patients did not differ from the entire population
(Appendix 7).
4.2.3&Endpoint&adjudication&
The two endpoint adjudicators agreed on the primary
cause of dyspnea in the ambulance in 680 patients, a
third adjudicator was involved in 31 patients and the
primary cause of dyspnea could not be determined in 22
patients.
The two endpoint adjudicators agreed on criteria for
acute heart failure in 676 patients; a third adjudicator was
involved in 35 patients and in 3 patients, a decision could
not be reached. The two endpoint adjudicators agreed on
criteria for AMI (and which, STEMI or NSTEMI) in 688
patients; a third adjudicator was involved in 23, and a
final conclusion could not be established in 5 patients.
The two endpoint adjudicators agreed on criteria for
pneumonia in 688 patients; a third adjudicator was
involved in 23 patients and in 4 patients, a final
conclusion could not be established.
The two endpoint adjudicators agreed on criteria for
sepsis and its gravity (sepsis, severe sepsis or septic
shock) in 638 patients, a third adjudicator was involved in
78 patients and in 2 patients this could not be
determined.

747#Underwent#randomiza0on#

373#Were#randomized#to#
NT5proBNP#measurement#

23#Were#excluded#
#17#Withdrawn#at#
# #pa0ent/surrogate#
# #request#
#6 #Consent#could#
# #not#be#obtained#
##

374#Were#randomized#to#
rou0ne#diagnos0c#work5up#

13#Were#excluded#
#11# Withdrawn#at#
#
# #pa0ent/surrogate# #
# #request#
#1 #Consent#could#
#
# #not#be#obtained#
#1# #Randomiza0on#error#

#
#
#

350#(93.8#%)#were#included#into#the#
ﬁnal#analyses#
• 315:#NT5proBNP#measured#
• 35:#NT5proBNP#not#measured#

361#(96.5#%)#were#included#into#the#
ﬁnal#analyses#
• 70:#NT5proBNP#measured#
• 291:#NT5proBNP#not#measured#

Figure 13 – CONSORT flow diagram of trial participants in study III&

Dyspnea&in&the&ambulance&–&mortality,&etiology&and&point9of9care&diagnostics&

22&

4.&Results&
Table 6. Baseline characteristics of trial patients included in study III
NT-proBNP
group
(n = 350)

Characteristic
Age, years
Male sex

Routine work-up
group
(n = 361)

75 (66-82)

74 (64-82)

54 (189/350)

60 (218/361)

Comorbidities
Chronic heart failure

16 (56/350)

16 (58/360)

Ischemic heart disease

36 (125/350)

38 (138/360)

Atrial fibrillation

23 (80/350)

24 (88/360)

Other heart disease

21 (73/350)

20 (72/360)

COPD/Asthma

37 (129/350)

33 (120/361)

Other lung disease

5.4 (19/350)

4.7 (17360)

Chronic renal failure

14 (49/350)

15 (55/360)

Any cancer

15 (53/347)

15 (53/355)

Stroke

11 (40/350)

10 (36/360)

Anaemia

13 (45/350)

14 (52/360)

ACE inhibitor/ATII-antagonist

38 (132/345)

35 (126/357)

Beta-blocker

44 (151/346)

35 (126/356)

Any diuretic

45 (156/345)

44 (156/355)

Digoxin

6.1 (21/342)

4.5 (16/355)

Medication

Anticoagulant

20 (70/344)

20 (72/356)

Any antiplatelet

45 (158/350)

43 (157/361)

B-agonist/anticholinergic inhalation

37 (129/346)

35 (125/356)

Corticosteroid inhalation

28 (96/346)

25 (89/356)

Systemic corticosteroid

9.9 (34/343)

11 (39/356)

41 (144/349)

41 (148/356)

Risk factors
Arterial hypertension
Diabetes

17 (59/350)

17 (62/359)

Tobacco use, ever smoker

73 (249/350)

82 (287/352)

Respiration rate, median (IQR)

24 (20-30)

24 (20-30)

Heart rate, mean (SD)

101 (±26)

101 (±25)

Systolic blood pressure, mean (SD)

154 (±34)

148 (±32)

Peripheral oxygen saturation, median (IQR)

93 (87-97)

94 (88-97)

Glasgow coma score < 15

9.7 (33/341)

7.2 (25/349)

Killip classification > 1

29 (91/317)

28 (90/322)

Clinical findings in the ambulance

Abbreviations: COPD; Chronic obstructive pulmonary disease, ACE; Angiotensin converting enzyme, ATII:
angiotensin-II, SD; standard deviation, IQR: interquartile range
Categorical data presented as percentage (n/valid cases)
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4.2.4&Predefined&outcome&measures&
As specified in Table 7, no statistically significant
differences were found in neither the predefined primary
outcome measure of triage nor any predefined secondary
outcome measures between patients randomized to the
NT-proBNP group and the routine work-up group.
4.2.5&Diagnostic&performance&
Explorative analysis of further diagnostic performance
measures revealed that the sensitivity for heart disease
was higher in the NT-proBNP group than in the routine
work-up group, although not reaching statistical
significance (84% vs 75%, p = 0.074). The negative
predictive value for heart disease was significantly higher
in the NT-proBNP group than in the routine work-up
group (87% vs. 75%, p = 0.010) (Table 8). We also
observed a higher positive predictive value for pulmonary
disease (74% vs. 60%, p = 0.032).
4.2.6&Sensitivity&analyses&
Analyzing the data according to de facto measurement of
NT-proBNP did not change the results of any predefined
management, treatment or patient outcome measures
(see Appendix 8.1 and 8.2 for baseline characteristics and
results according to the de facto intervention). Although
the sensitivity for heart failure was larger in the NTproBNP group than in the routine work-up group in this
analysis, it did not reach statistical significance (74% vs.
60%, p = 0.100).

Table 7 - Results of the predefined primary and secondary
outcome measures of study III
NT-proBNP
group
(n = 350)
Decision making
Patients with dyspnea of cardiac origin
triaged to department of cardiology*
Patients with dyspnea of non-cardiac origin
triaged to department of cardiology*
Patients with dyspnea of cardiac origin
receiving pulmonary medication*§

Routine
work-up
group
(n = 361)
p value

75 (107/143)

69 (118/172)

0.22

28 (58/207)

33 (62/189)

0.30

21 (30/143)

23 (40/172)

0.62

1.4 (5/350)

1.4 (5/361)

0.96

30-day mortality

9.1 (32/350)

8.0 (29/361)

0.59

Intensive care unit admission rate

14 (49/350)

11 (40/361)

0.24

Hospital length of stay, days

4 (2-7)

3 (2-7)

0.93

Readmission within 3 months

42 (148/350)

40 (145/361)

0.56

Sensitivity for heart faliure

72 (49/68)

65 (40/62)

0.36

Patients not admitted to hospital
Patient outcome

Categorical data presented as percentage (n/valid cases), contionus as median (interquartile range)
*In 11 (3.1%) patients in the NT-proBNP group and 11 (3.1%) in the routine work-up group, it was
not possible to determine the primary cause of dyspnea
§Pulmonary medication included β-agonist inhalation, anticholinergic inhalation and/or intravenous
corticosteroids

Table 8 - Diagnostic performance of the diagnostic work-up with and without
supplementary NT-proBNP measurement in relation to the primary cause of dyspnea
NT-proBNP group
(n = 350)

Routine work-up group
(n = 361)

Sens.
(95% CI)

Spec.
(95% CI)

PPV
(95% CI)

NPV
(95% CI)

Sens.
(95% CI)

Spec.
(95% CI)

PPV
(95% CI)

NPV
(95% CI)

84% *

76%

71%

87%#

75%

71%

71%

75%

Disease
Heart
AHF
Lung
Other

(106/126) (133/176) (106/149) (133/153)

(110/146) (110/155) (110/155) (110/146)

72%

82%

54%

91%

65%

81%

47%

90%

(49/68)

(187/229)

(49/91)

(187/206)

(40/62)

(193/238)

(40/85)

(193/215)

78%

84%

74%§

87%

74%

79%

60%

87%

(86/111)

(160/191)

(86/117)

(160/185)

(68/92)

(164/209)

(68/113)

(164/188)

34%

94%

61%

84%

30%

94%

58%

84%

(22/65)

(223/227)

(22/36)

(223/266)

(19/63)

(224/238)

(19/33)

(224/268)

Abbreviations: Sens.; Sensitivity, Spec.; Specificity, CI; Confidence Interval, PPV; Positive Predictive Value, NPV; Negative
Predictive Value
*p = 0.074 compared to routine work-up group
§p = 0.032 compared to routine work-up group
#p = 0.010 compared to routine work-up group
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The main findings in relation to the hypotheses of this
thesis were:
1. Next to only patients resuscitated from cardiac
arrest, patients suffering dyspnea had higher
short- and long-term mortality than patients
suffering chest pain or other symptoms
indicative of AMI triaged by use of ECG based
telemedicine (study I)
2. Next to only unconscious/cardiac arrest patient,
patients suffering dyspnea had higher mortality
than any other group of patients receiving
ambulance transportation following medical
emergency call (study II)
3. The differences in mortality in dyspneic patients
were independent of age and comorbidities
(study I and II)
4. Patients suffering dyspnea because of heart
disease did not in general have higher mortality
than other dyspneic patients. Patients suspected
of STEMI or BBBMI, patients diagnosed with
heart failure, patients diagnosed with pulmonary
infections, and in particular those diagnosed
with sepsis were identified as high-risk groups
with a potential for improvement of outcome.
(study I and study II and post-hoc analyses)
5. ECG-based telemedical triage thus identified a
minor high-risk group of patients with STEMI
or BBBMI, but this diagnostic modality alone is
not sufficient for identification of high-risk
dyspnea patients (study II, post hoc-analysis)
6. Supplementing the routine diagnostic work-up
by POC NT-proBNP measurement did not
significantly improve patient management or
patient outcome, but facilitated early rule-out of
heart disease (study III)

5.1&Strengths&and&limitations&
5.1.1&Studies&I&and&II&
The strengths of study I and study II include large
population-based follow-up designs, high-quality registerbased outcome data, and rigorous adjustment for the
most important potential confounders including age, sex
and comorbidities. The two studies had some limitations.
Most importantly, study I was conducted in a selected
group of patients undergoing ECG-based telemedical
triage in suspicion of AMI. Our findings in this group of
patients needed to be reproduced in an unselected
population. This underlined the importance of study II.
However, the dispatch software used for identification of
patients in study II was not originally designed for
research. Missing dispatch codes hindered clarification of
the cause of the medical emergency call in approximately
20% of registrations. Of these registrations,
approximately 30% seemed to be double registrations,
while the remaining registrations most likely reflected
actual dispatches. Missing dispatch codes may have

changed the distribution of causes of medical emergency
call, but we do not expect that our exclusion of these
contacts has biased mortality estimations. A Civil
Registration Number was missing in almost 20% of
contacts with valid dispatch codes, hampering the merge
with national registers for follow-up data. Contacts
lacking a Civil Registration Number may have been from
patients with conditions that were considered less serious
than patients with present numbers, if dispatchers
regarded the information less important in these cases.
On the other hand, more urgent cases may have rendered
the possibility to obtain a Civil Registration Number
impossible and the disease state in these patients may
have been more serious than patients with identification.
The latter is the most likely explanation. We chose not to
impute data, but rather tested the extremes of these
speculations by assuming that patients lacking Civil
Registration Number either all died on day one or that
they all lived to median follow-up time. Even so, the
conclusion of the study remained unaffected. We also
conducted a sensitivity analysis including patients not
receiving an ambulance – this did not change our results.
Consequently, we consider the results to be robust.
We adjusted for age, sex, and comorbidity in both studies
I and II and we also adjusted for systolic blood pressure
and heart rate in study I. The underlying reason was
availability of data. Optimally, we wanted to adjust for
smoking status, left ventricular ejection fraction, and
pulmonary function. However, the data were not
available. The increased risk of death with smoking is
well described in large population-based studies like the
Framingham study9. Adjusting for smoking status did not
affect the association between dyspnea and mortality in
previous studies.8-11 In previous studies the association
between pulmonary function and mortality was not
consistent in all age groups and populations and dyspnea
was a predictor of mortality regardless of pulmonary
function and ejection fraction.8-10 Adjusting for the CCI
in this thesis’ study I and II included indirect adjustment
for pulmonary function and ejection fraction, as both
congestive heart failure and chronic pulmonary disease
are parts of the index.75 In addition, the primary endpoint
in study I and II was 30-day mortality, which we expect
to be less affected by smoking status, pulmonary function
or ejection fraction than long-term mortality is. Although
residual confounding may be present, we do not believe
that adjusting for these potential confounders would
change the conclusions of study I or study II.
5.1.2&Study&III&
The most obvious strength of study III is its multicenter,
randomized, and controlled design with almost all
physicians staffing the prehospital critical care teams
including unselected dyspneic patients. The setup thus
tested an approach to point-of-care NT-proBNP
measurement, as it would be in daily clinical practice.
Educating 160 physicians scattered across nine different
prehospital critical care teams was challenging, but the
approach chosen also resembles daily clinical practice.
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The proportion of dyspneic patients triaged to a
department of cardiology did not meet our presumptions
in the power calculation. The calculation was derived
from data in study II demonstrating that 14% of
dyspneic patients receiving ambulance transportation
suffered from dyspnea of cardiac origin and on data from
a random sample of 100 patients from study I
demonstrating that 30% of patients suffering dyspnea of
cardiac origin were triaged directly to a department of
cardiology. Hence, we were surprised that the physicians
were able to correctly triage so many patients with heart
disease directly to department of cardiology both with
and without the biomarker. Whether study III in itself
influenced triage is speculative. Although this cannot be
classified as a bias in that it is not skewed between
groups, improvements in triage in both groups may
explain some of the discrepancy between the power
calculation and the observed triage pattern. In addition,
we did not have data on physician-based triage, only
triage in general, when performing the power calculation.
Assuming that the findings of this study represent a true
difference in proportions of patients suffering dyspnea of
cardiac origin triaged directly to department of cardiology
(75% vs. 69%), 2025 patients in each group would have
been needed to show a statistical significant difference in
an intention-to-treat analysis. However, a difference of
this size is not likely to be clinically significant.
Randomization violations were frequently encountered in
particular among those randomized to routine work-up.
This is a well-known challenge in prehospital trials97-99
and may have diluted the effect of NT-proBNP
measurement. Although our approach may be questioned
as being a search for significant results,100 we analyzed
the data according to the de facto intervention because we
felt the most obvious objection to our conclusion would
be the dilution effect. The approach strengthened our
neutral findings, as it did not significantly change the
results, specifically not any of the predefined patient
management or patient outcome endpoints. Although
not statistically significant, the sensitivity for heart failure
was increased with the approach, but baseline
characteristics showed that a large number of patients
with preexisting ischemic heart disease had been moved
from the routine work-up group to the NT-proBNP
group in this analysis. We suspect that NT-proBNP was
used confirmatory of heart disease rather than diagnostic
in a large proportion of the randomization violations,
introducing selection bias. Unblinding the in-hospital
staff to the results of the prehospital diagnostic work-up
may also have biased the results of the endpoint
adjudication committee assessment in favour of NTproBNP measurement. Hence, we believe that the
conclusion of no effect on patient management and
patient outcome is justified.

5.2&Symptoms&and&mortality&
Medical research often regards the diagnosis or treatment
of specific diseases. This applies also in the prehospital
setting and this is reflected in guidelines and

recommendations in the areas relevant to the dyspneic
patient. 101-104 However, patients do not present
themselves to EMS personnel labeled “acute heart
failure” or “acute coronary syndrome”. They present
with a symptom or a mechanism of accident. Studies I
and II were designed to compare mortality among
prehospital patients based on their presentation and
demonstrated higher mortality in dyspneic patients than
all other patients groups except for unconscious/cardiac
arrest patients. Studies comparing mortality among
prehospital patients depending on their presentation are
scarce. One study has examined the association of
symptomatology prior to cardiac arrest with mortality
and demonstrated that patients suffering dyspnea prior to
cardiac arrest had one-fifth the probability of surviving
observed in patients with chest pain.105 Because other
studies comparing mortality among different prehospital
patient groups based on their symptomatology or
mechanisms of accident are lacking, we searched for
studies examining mortality in patients presenting one
specific symptom or mechanism of accident. A recent
prehospital study found 10% in-hospital mortality for
dyspneic patients.13 This compares well to the 30-day
mortality observed in the present studies (13% in Study I
and 12% in Study II). We observed low 30-day mortality
among patients with chest pain in our studies (2.9% in
study I and 2.8% in study II). Our findings are in
accordance with two recent studies establishing
outcomes for patients with chest pain after dialing the
medical emergency number. The studies showed 30-day
mortality rates of 2.0% and 3.8%, respectively.15,106 An
increase in medical emergency calls due to chest pain
have been registered during the last two decades.
Simultaneously electrocardiographic evidence for
ischemia has decreased among the callers.15,107 It can be
speculated that this trend is a consequence of over-triage,
earlier or improved treatment of heart disease. The 30day mortality among cardiac arrest patients in study I and
the unconscious/cardiac arrest patients in study II was
lower than in the Danish Cardiac Arrest Registry, which
recently demonstrated a 30-day mortality at 89% in
2014.108 Study I included patients with cardiac arrest and
return of spontaneous circulation and study II included a
group of patients that were either unconscious or
suffered cardiac arrest, because these are collected under
the same criteria at dispatch. Thus, these groups are not
quite comparable to usual cardiac arrest patients. We
were not able to identify any prehospital study yielding
information about mortality among patients suffering
neurological symptoms. The 30-day mortality observed in
patients suffering neurological symptoms in study II was
lower than in patients with stroke.109 The 30-day
mortality for patients suffering accidents and trauma in
study II was lower than observed in recognized trauma
registries showing hospital mortality rates of 5.9% to
9%.110,111 For trauma patients, morbidity and mortality is
decreasing, and the results of study II are comparable to
a recent study assessing unselected road traffic accidents,
showing hospital mortality rates of 0.5 – 1.6%.14
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5.3&High&risk&dyspneic&patients&
Post-hoc analyses of short-term mortality using data
from studies I and II were performed by the overall
knowledge gain from all three studies with a perspective
of identifying high-risk groups that might benefit from a
change in prehospital management. In study I, we wanted
to assess the usefulness of the established telemedical
triage in patients with dyspnea. Thus, this analysis was
based on the initial assessment of tentative diagnoses
done by the on-call cardiologists. We established two
important findings. Firstly, in patients with dyspnea,
patients with suspected STEMI or BBBMI represent a
high-risk group with high short-term mortality. In line
with other recent findings, it emphasizes the importance
of obtaining a 12-ECG in dyspneic patients in the
ambulance for triage of this group of potentially
salvageable patients to an invasive heart center.112
Secondly, patients suspected of NSTEMI or UAP did
not have higher risk of death than patients, in whom
acute coronary syndrome was not suspected among
patients suffering dyspnea. This indicates a need for
other methods of identifying high-risk conditions among
these patients.
The study I population was selected and smaller than the
study II population, so for identification of high-risk
patients derived from the diagnoses during the following
admission, we chose to use study II data. A drawback of
the algorithm used in study I was that it required manual
coding of some diagnoses, which is less reproducible.
Still, a considerable number of patients remained coded
with unspecific ICD-10 diagnoses (in particular DZ and
DR diagnoses). Using a modification of the algorithm,
we specifically examined short-term mortality among
patients with pneumonia and sepsis in addition to heart
failure. Patients diagnosed with pneumonia had higher
short-term mortality than patients with other pulmonary
diseases. The mortality in pneumonia patients was similar
to that in patients with heart failure. Patients with a
primary sepsis diagnosis had extremely high short-term
mortality. Recent data suggest that dyspnea is a warning
sign in patients suspected of sepsis.113 Early recognition
and treatment of infections and sepsis may improve
outcome for this subgroup of dyspneic patients.

5.4&POC&NTAproBNP&measurement&
No randomized controlled studies comparing
supplementary NT-proBNP measurement to routine
diagnostic work-up alone in the prehospital setting have
been conducted until now. I therefore performed a
systematic review of studies reporting data on the
diagnostic accuracy or clinical applicability of brain
natriuretic peptides in patients with dyspnea (methods
and overall results are described in Appendix 9.1).
Among 77 identified studies, 10 presented data from a
randomized controlled study56,60-62,114-119 and 67 from
observational studies (complete list of the observational
studies is supplied in appendix 9.2). The observational
studies were heterogeneous in aim and design, ranging

from simple diagnostic accuracy studies of acute heart
failure in dyspneic patients over comparisons of different
biomarkers, other diagnostic modalities and/or clinical
examinations to the usefulness of brain natriuretic
peptides in different subgroups of patients. To sum up
the evidence of relevance for study III, I reviewed all
abstracts of these studies regardless of the aim and design
and initially performed a simple extraction of the
conclusions regarding diagnostic accuracy or clinical
applicability of brain natriuretic peptides alone or in
combination with other examinations. The conclusion
was registered as supporting brain natriuretic peptide use,
opposing brain natriuretic peptide use, or urging
precaution in specific subgroups of patients. This simple
overview of conclusions from the 67 observational
studies is presented in Table 9, p. 28. Of the
observational studies, 53 supported brain natriuretic
peptide measurement, 11 called for precaution in
subgroups of patients, two opposed brain natriuretic
peptide measurement and one publication was not
obtainable. Three observational studies have evaluated
the use of brain natriuretic peptides in the prehospital
setting. 63-65 They all support their usefulness either as
stand-alone modality or in combination with other pointof-care diagnostics. Early central studies supporting the
usefulness of brain natriuretic peptide measurement in
dyspneic patients include the Breathing Not Properly
study and the N-terminal Pro-BNP Investigation of
Dyspnea in the Emergency Department (PRIDE)
study.51,52 In the Breathing Not Properly study, BNP was
measured in 1586 patients with acute dyspnea at the
bedside and yielded a sensitivity of 90% and a specificity
of 76% at the established cut-point of 100 pg/ml. In
addition, BNP provided diagnostic information
independent of medical history and clinical findings. The
PRIDE study compared NT-proBNP values to clinical
evaluation of acute heart failure by physician in 600
emergency department patients with dyspnea.51 The
study showed that NT-proBNP was the strongest
independent predictor of acute heart failure and
established a cut-point of 300 pg/ml for rule-out of acute
heart failure. A multitude of subsequent observational
studies are substudies on populations or subpopulations
from these two studies (Table 9, p. 28).
Notably, the mean age of the included patients in both
studies was considerably lower than in our study III. In
the Breathing Not Properly study mean age was 64 years,
in the PRIDE study 73 years in the 209 patients with
acute heart failure and 57 years in the 390 without acute
heart failure and in our study III it was 75 years. The
correlation between age and a variety of comorbidities
may significantly influence the usefulness of brain
natriuretic peptides, which is supported by the
observational studies urging precaution in specific patient
groups. Precaution about falsely high brain natriuretic
peptide levels was urged in a number of groups suffering
conditions that increase in prevalence with increasing
age. Such conditions include severe renal failure55,120,
atrial fibrillation54,121,122, and preexisting heart
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Table 9 - Observational studies evaluating the value of brain natriuretic peptides in
acute dyspnea
Year First author

n

Conclusion Year First author

n

2015 Røsjø H

309

2006 Gegenhuber A

251

2014 Guo L

177

2006 Collins SP

343

2013 Lakhdhar R

30

2006 Berdagué P

256

2012 Shaikh K

100

2012 Eckstein

632

2011 Shaikh K
2011 Prosen G (Prehospital)

2006 Bouhsain S
2006 El Mahmoud R

103

100

2006 Januzzi JL*

1256

218

2005 Anwaruddin S (PRIDE)

599

2010 Karakilic E

34

2006 Baggish AL (PRIDE)

599

2010 Martinez-Rumayor A (PRIDE)

599

2006 Sanz MP

75

2009 Pahle AS (BNP)

1586

2005 Zaninotto M

122

AFLI

2005 Knudsen CW (BNP)

1431

2008 Breidthardt T

99

2009 Shah KB

338

2005 Steg PG (BNP)

709

2008 Behnes M

401

2005 O'Donoghue M (PRIDE)

153

2009 Singer AJ

301

2005 Mueller T

251

2008 van der Burg-de Graauw N

221

2005 Januzzi JL Jr (PRIDE)

600

2009 Klemen P (Prehospital)

441

2005 Krauser DG (PRIDE)

204

2009 Potocki M

287

2005 Ababsa R

86

2008 Chenevier-Gobeaux C

570

2005 Alibay Y

150

2008 Gargani L

149

2005 Belovicova M

79

2007 O'Donoghue M (PRIDE)

599

2004 Ray P

308

2007 Arques S

41

2004 Wu AH (BNP)

1586

2007 Méndez Bailón M

79

2004 Maisel AS (BNP)

1586

2007 Bayes-Genis A*

Conclusion

HF-PEF

1103

AFLI

Obesity

Elderly

2004 Teboul A (Prehospital)

52

2004 Knudsen CW (BNP)

880

2004 Bayés-Genís A

100

Renal failure

2004 Knudsen CW

155

CHF

2003 Lainchbury JG

205

599

2003 McCullough PA (BNP)

1452 Renal failure

2006 Melanson SE

218

2002 Logeart D

2006 Krauser DG (PRIDE)

599

2002 McCullough PA (BNP)

1586

2006 Tung RH (PRIDE)

216

2002 Maisel AS (BNP)

1586

2006 Murray H

129

2002 Morrison LK

321

2006 Daniels LB (BNP)

1586

1997 Fleischer D

123

1994 Davis M

52

2007 Arquès S

59

2007 Morello A (PRIDE)

599

AFLI

2007 Gorissen C

80

2006 Chung T

143

2006 van Kimmenade RR (PRIDE)

Obesity

115 Flash edema

Supporting
Urging subgroup precaution
Opposing
Not available
Abbreviations: PRIDE; N-terminal Pro-BNP Investigation of Dyspnea in the Emergency Department study or substudies, BNP;
Breathing Not Properly Study or Substudie, AFLI; Atrial Fibrillation, HF-PEF; Heart Failure with Preserved Ejection Fraction, CHF;
Chronic Heart Failure
* Included patients from the PRIDE study and other studies
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failure123. A substudy on the Breathing Not Properly
population actually demonstrated that BNP was a
significantly weaker predictor of heart failure in elderly
than in younger patients, but supported the use of BNP
regardless of age, sex, or ethnicity.124 One early study
specifically examining the usefulness of brain natriuretic
peptide in an elderly population urged for precaution and
suggested that higher cut-point values would likely be
necessary in elderly patients.125 Subsequent smaller
studies reproduced these findings.126,127 Consequently,
Januzzi et al conducted a pooled analysis of data from
the PRIDE study and other studies to establish agestratified rule-in cut-points for heart failure and we chose
to use this model in our study III.58 The age groups
categorized were <50 years, 50-75 years and > 75 years.
The median age in our study III including unselected
dyspneic patients was 75 years. In their pooled analysis,
Januzzi et al demonstrated that even with a rule-in cutpoint of 1800 pg/ml in patients > 75 years, the sensitivity
at 85% and specificity at 73% was lower than in the other
age groups. It is plausible, that this is even poorer in the
very elderly population included in our study III.
Some of the observational studies urged for precaution
about falsely low levels of natriuretic peptides in subgroups of patients with heart failure with preserved
ejection fraction128, obesity129,130 and in patients with
rapid development of pulmonary edema.131 One study
opposing the usefulness of brain natriuretic peptides
examined diagnostic performance of a panel of
biomarkers including NT-proBNP in unselected
dyspneic patients.132 Increased sensitivity for AMI, acute
heart failure and pulmonary embolism was demonstrated
– but on the expense of decreased specificity. The other
study opposing the usefulness of brain natriuretic
peptides included 129 unselected dyspneic patients and
demonstrated a high false positive rate and thus poor
specificity for the diagnosis of heart failure with the use
of NT-proBNP.133
Out of ten studies reporting data from randomized
controlled trials, seven were secondary publications from
previous randomized controlled trials56,114-119 and 3 were
original randomized controlled trials.60-62 One additional
randomized controlled trial59 was identified by handsearch of references in two meta-analyses identified
through the literature search.134,135 One of these metaanalyses134 also included a study examining serial NTproBNP measurement for treatment guidance in the
emergency department.136 This was not the aim of our
study III. Therefore, the study was not included in the
literature overview of randomized, controlled trials
relating to our study III (Table 10, p. 30).
In one of four randomized controlled studies in an
emergency department setting, brain natriuretic peptide
measurement failed to provide an improvement in
patient outcome.59-62,136 The initial three studies
demonstrated a shortened hospital length-of-stay59-61
while the last did not.62 A meta-analyses, including the
four randomized ED studies included in this thesis and
the study that we excluded, provides evidence of a minor

beneficial effect defined as shortened hospital length-of stay of approximately one day.135 Another meta-analysis
only including the four studies comparable to our study
III did not demonstrate any effect in terms of mortality.
In the four comparable emergency department studies,
the routine work-up included chest x-ray and routine
blood samples and all studies used less specific cut-points
for rule-in and rule-out of heart failure than those
provided in the study by Januzzi et al that we used in our
study III.58 A prehospital diagnostic work-up is limited
by time and equipment compared to an in-hospital workup. Hence, we expected a higher impact of
supplementary NT-proBNP measurement in this setting.
Although we were unable to demonstrate such a
beneficial effect for the primary outcome, we observed
an increment in the negative predictive value of heart
disease and the positive predictive value of lung disease.
The multiple comparisons performed may increase the
risk of a Type I error. Yet, the results are clinically
plausible because the issues concerning elderly are
regarding the rule-in cut-point for heart failure and not
the rule-out cut-point. There is an increasing acceptance
in the most recent guidelines and recommendations that
the real value in natriuretic peptides lies in rule-out of
heart disease rather than rule-in49,102 and our study III
supports this. It is likely that the shortened length of stay
observed in some of the early emergency department
studies performed approximately 20 years ago when
hospital length-of-stays were longer is not a consequence
of a reduction in the complication rate in heart failure
patients, but rather early discharge in patients, who had
heart failure ruled-out. It is important to note that the
diagnostic accuracies in our study III are not accuracies
of the biomarker related to the individual diseases, but of
the physician assessed primary cause of dyspnea, which –
in the NT-proBNP group – included incorporation of a
biomarker result.
Overall, study III was designed to reflect the real world
as close as possible with no opaque inclusion or
exclusion criteria and a pragmatic approach to examine
the true value of the biomarker in terms of decisionmaking. As a consequence, our population was
heterogenous and dominated by elderly patients. In
addition, we observed a large number of patients
suffering pulmonary infections and sepsis. Sepsis is
known to trigger high NT-proBNP values.137 In this
heterogenous elderly population, we were not able to
improve triage, treatment or patient outcome by
supplementing the routine diagnostic work-up with POC
NT-proBNP.
&
&
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Severe shortness
of breath as main
symptom and
triaged as severe
ilness

Schneider et n = 612
al, 2009
Intervention: 306
(100)
Control: 306

Age < 40 years, dyspnea
secondary to trauma,
cardiogenic shock,
creatinine level > 250 umol/l,
and patients transferred to
another hospital within 24
hours

Acute dyspnea due to
trauma or cardiogenic shock
and renal failure requiring
hemodialysis or peritoneal
dialysis

Advanced renal faliure
(creatinine > 250 umol/l),
acute myocardial infarction,
malignant disorders,
dyspnea from clinically overt
origins including PTX and
chest wall trauma

Severe renal disease
(creatinine > 250 umol/l),
cardiogenic shock, early
transfer to other hospital

Exclusion criteria

History,
physical
exam, ECG,
blood tests,
chest X-ray

History,
physical
exam, ECG,
blood tests,
chest X-ray,
(chest CT for
some)

History,
physical
exam, ECG,
blood tests,
chest X-ray

History,
physical
exam, ECG,
blood tests,
chest X-ray

Routine
work-up

Age, mean: 74
HF: 36% (220/612)
IHD: 41% (253/612)
COPD/asthma: 63%
(388/612)

Age, mean: 59
HF: 18% (85/477)
IHD: 21% (100/477)
COPD: 26% (126/477)

No

No

Lenght-of-stay, median (IQR)
Intervention: 4 days (2-9)
Control: 5 days (2-9)

Mortality, 30-days
Intervention: 6.9%
Control: 6.5%

Length-of-stay, median (IQR)
Intervention: 1.9 (0.12 - 8.4)
Control: 3.9 (0.16 - 11.0)

Mortality, 30-days
Intervention: 6% (15/236)
Control: 8% (18/241)

Length-of-stay, median (IQR)
Intervention: 6 days (4 - 11)
Control: 7 days (4 - 13)

0.93

0.87

0.04

0.26

0.30

0.19

0.001

Length-of-stay, median
Intervention: 8 days
Control: 11 days
Mortality, inhospital
Intervention: 4.5% (11/246)
Control: 2.4% (6/254)

0.45

p

Mortality, 30-days
Intervention: 10% (22/225)
Control: 12% (28/227)

Blinding Results
No

Age, mean: 75
No
HF: 34% (171/500)
Prior MI: 30% (151/500)
COPD: 29% (145/500)

Age, mean: 71
HF: NA
IHD: 50% (225/452)
COPD: 31% (140/452)

Patient
characteristics

Abbreviations: ECG; Electrocardiogram, HF; Heart failure, IHD; Ischemic heart disease, PTX; Pneumothorax, MI; Myocardial infarction, COPD; Chronic obstructvive pulmonary disease, IQR; interquartile
range, CT; computed tomography

Adult, acute
dyspnea as most
prominent
complaint

Dyspnea of
suspected
cardiac origin

Dyspnea as
primary symptom,
no obvious
traumatic cause

Inclusion
criteria

Rutten et al, n = 477
2008
Intervention: 241
(99)
Control: 236

Moe et al,
2007
(101)

n = 500
Intervention: 246
Control: 254

Mueller et al, n = 452
2004
Intervention: 225
(98)
Control: 227

Study

Table 10 - Methods of previous randomized controlled studies on the use of NT-proBNP in acute dyspnea
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6.Perspectives&and&future&
research&
For decades, the main focus in prehospital guidelines,
prehospital education and prehospital research has been
cardiac arrest, trauma and myocardial infarction.138-141
Because systematic approaches to diagnostics and
treatment have been implemented, mortality decreases in
all of these conditions.142-146 Such improvements
motivate extension of analogous approaches to other
patient groups including dyspneic patients. In Denmark,
implementation of a national prehospital electronic
patient file, increasing awareness from dispatchers on the
importance of precise registration and regional and
national initiatives to improve data quality in the
prehospital setting will facilitate research of an even
higher quality than today.

6.1&Identifying&the&cause&of&dyspnea&
For the diagnosis of heart failure, a single biomarker
seems insufficient confirming that the diagnosis requires
a variety of diagnostic modalities following the initial
clinical evaluation. Choosing a biomarker with high
sensitivity for heart failure is at the expense of specificity.
Cardiac troponins perform inferiorly in patients with
dyspnea compared to patients with chest pain.147
Therefore, attempts at introducing other biomarkers for
heart failure that are slightly more sensitive or specific
seems futile.148,149 For efficiently diagnosing heart failure,
a combination of one or more heart failure biomarkers
with a biomarker for infection may be a way
forward.90,150-156
Studies evaluating other diagnostic modalities in the
emergency department have demonstrated that focused
ultrasonography may improve the diagnostic accuracy
not only for heart failure, but also pulmonary embolism,
pleural effusion, pneumonia and COPD exacerbation.157161 Prehospital studies using adjusted and simplified
approaches to pulmonary ultrasonographic identification
of the so-called B-line artifacts are promising.64,162 A
growing body of evidence indicates that the largest
potential is in a combination of different POC modalities
that include biomarkers and imaging.63,64,163 The lack of
sensitivity or specificity of one marker/modality may
counterbalance any inadequacy of another test with
different diagnostic properties. A recent prehospital
study demonstrated improved diagnostic accuracy by
pulmonary ultrasonography compared to natriuretic
peptides and a very unusual sensitivity and specificity of
100% for heart failure when used in combination.64
Focused ultrasonography requires an educational effort.
Multiple studies have demonstrated that critical care
providers may achieve adequate competences by targeted
education. 164,165 However, implementation in clinical
practice takes years because ultrasonography is frequently
practiced by summoned specialists166 and a minority of
passionate emergency care providers.

Figure 14 – The concept of combined POC modalities&

6.2&SymptomAoriented&guidelines&
There are no generally accepted international guidelines
on the management of patients suffering dyspnea in the
ambulance. Current international guidelines either focus
on the management of patients suffering dyspnea in an
elective setting or on the management of specific
underlying causes of dyspnea, like heart failure, in the
emergency setting.7,102
The studies included in this thesis demonstrate the need
for prehospital guidelines based on patient presentation
rather than specific disease-related guidelines. These are
useful only, when the clinical picture is obvious or when
additional examinations have qualified the underlying
cause.
Future research should focus on early recognition of
sepsis and pulmonary infections, early diagnosis of heart
failure, and an exploration of the underlying causes in
that diffuse group of patients with “other diseases” to
identify high-risk patients. Also, optimized treatment
regimes for subgroups of dyspneic patients should be
examined. As an example b-agonist inhalation in daily
treatment of heart failure patients increases
mortality,167,168 but is unknown whether this is also
applicable to short-term treatment in emergency care.169
Continuous positive airway pressure and/or non-invasive
ventilation may be beneficial already in the prehospital
phase, but this is also unsettled.170 Inhalation therapy
driven by compressed air in combination with oxygen
titrated on a nasal cannula may improve outcome in
COPD patients when compared to inhalations driven by
high-flow oxygen, but this has only been evaluated in a
cluster-randomized trial with a high number of
randomization violations.97
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National guidelines for management and treatment in the
prehospital setting do not exist in Denmark. A symptombased approach is not part of the teaching books for
EMTs/paramedics or physicians.21,171 In the United
Kingdom, the first national Ambulance Services Clinical
Practice Guidelines were published in 2000. The current
version contains a symptom-based approach – including
one for patients suffering dyspnea.23
Future dyspnea guidelines should include early
recognition of ST-elevation myocardial infarction by 12lead ECG and we propose a long-term aim of
incorporating methods to stratify the underlying cause of
dyspnea into relevant categories (including STEMI, heart
failure, sepsis and possible a range of other conditions)
and give recommendations for the treatment of each of
these. Initial work-up and early correct treatment should
be commenced already in the ambulance and the
diagnostic process and treatment continued in an
unbroken chain in hospital departments. The diagnostics
modalities used in the prehospital setting should be based
on their capability to improve patient management and
outcome.

6.3&Future&POC&research&methodology&
Observational studies should address the performance of
point-of-care examinations using specific cut-points,
measurements or observations in a prehospital setting
(like biomarker value above/below a specific cut-point or
ultrasonographic B-lines using focused ultrasonography
of the lungs yes/no). Multiple modalities should be tested
in a setting that is not confounded by the research
design, i.e. findings should be blinded to the hospital
staff and decisions should only be made based on these
findings, if they are life threatening such that the true
value of the tests can be assessed. A point-of-care
examination or a combination of examinations should
then be tested in randomized controlled studies,
examining the value of making decisions based on the
test – i.e. whether or not using the test improves patient
management and ultimately patient outcome.
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7.1&Background&
Dyspnea is a distressing subjective sensation of difficult,
labored, or uncomfortable breathing that can be caused
by a range of diseases – including heart and pulmonary
diseases. Patients suffering dyspnea in the ambulance
have a high risk of death compared to other patients that
are highly prioritized in emergency medical services –
including chest pain and trauma. Whether this increased
mortality can be ascribed to an older age and comorbidity
among patients suffering dyspnea, or if modifiable risk
factors are also present, is unsettled. Improving outcome
for patients suffering dyspnea in the ambulance requires
identification of high-risk groups and early correct
treatment. Bringing forward simplified versions of
advanced diagnostic modalities known from the hospital
as point-of-care diagnostics already in the ambulance may
aid the discrimination of underlying conditions causing
dyspnea and improve patient management and ultimately
outcome.

7.2&Aims&
The aims of this thesis were 1) to compare mortality
among patients suffering dyspnea and other symptoms in
the prehospital setting, 2) to clarify whether the high
mortality in patients suffering dyspnea when compared
to patients with other symptoms in the ambulance are
due to unmodifiable patient characteristics only, 3) to
identify high-risk groups among those suffering dyspnea,
4) to evaluate the electrocardiogram-based telemedicine
in the ambulance for identification high-risk patients and
5) to evaluate whether addition of a point-of-care
examination for heart failure improves management of
patients suffering dyspnea because of heart disease
beyond usual care.

In Part 2 we conducted a randomized controlled study
examining whether addition of point-of-care N-terminal
pro-brain natriuretic peptide (NT-proBNP) measurement
to the routine diagnostic work-up by prehospital
physician improved triage and treatment of patients with
dyspnea caused by heart disease

7.4&Results&and&conclusion&
Patients suffering dyspnea in the ambulance had higher
risk of death than any other group of patients in the
ambulance except patients resuscitated from cardiac
arrest in study 1 and unconscious/cardiac arrest patients
in study 2. The differences were independent of patient
age and underlying diseases, indicating a potential for
improving outcome among patients suffering dyspnea in
the ambulance. Electrocardiographic assessment leading
to suspicion of ST-elevation myocardial infarction or
bundle branch block myocardial infarction was useful for
identification of a small group of patients with very high
risk of death, emphasizing the importance of obtaining
an electrocardiogram in patients suffering dyspnea at any
doubt about the underlying cause. Patients suffering
heart failure, pneumonia and in particular those suffering
sepsis were identified as high-risk patients with potential
for improvement. A large group of patients with dyspnea
of other causes may contain subgroups of patients with
high-risk where outcome can be improved.
Supplementing the routine diagnostic work-up by
prehospital physician with NT-pro-BNP did not improve
management, treatment or patient outcome, but seemed
to improve rule-out of heart disease and rule-in of lung
disease. Other initiatives to facilitate a systematic
approach to diagnosis and treatment in patients suffering
dyspnea in the ambulance are warranted.

&

&

7.3&Methods&
The thesis includes two register-based studies (Part 1)
and one interventional study (Part2). In Part 1, the risk of
death in patients suffering dyspnea was compared to that
in patients suffering chest pain and other symptoms in
two different patient populations. In the first study, we
included patients suspected of myocardial infarction and
undergoing electrocardiogram-based telemedical triage in
an ambulance in the Central Denmark region. In the
second study, we included all patients dialing the
emergency number (1-1-2) due to a medical emergency in
three of five Danish regions. For identification of highrisk patients and evaluation of electrocardiogram-based
triage, we compared short-term mortality between
patients included in the first study based on the
interpretation of their electrocardiogram. In addition, we
compared short-term mortality between patients
diagnosed with different heart, lung, and other diseases
among patients included in the second study.
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8.&Dansk&resumé&(Summary&in&
Danish)&
8.1&Baggrund&
Dyspnø er en ubehagelig fornemmelse af
vejrtrækningsbesvær forbundet med en lang række af
forskellige sygdomme, herunder hjerte- og
lungesygdomme. Patienter, som modtager en ambulance
på grund af dyspnø har en høj dødelighed sammenlignet
med andre patienter, der modtager en ambulance, for
eksempel patienter med brystsmerter og traumepatienter.
Det er uvist, om den øgede dødelighed blot skyldes at de
er ældre og har flere bestående sygdomme, eller om der
er andre faktorer, som der er mulig at modificere, tilstede.
Skal man forbedre overlevelsen for dyspnø patienter, er
det nødvendigt at identificere høj-risiko patienter og give
disse den rigtige behandling så tidligt som muligt. Ved at
flytte simplificeret såkaldt point-of-care diagnostik ud i
ambulancerne, er det muligt, at man på et tidligere
tidspunkt kan erkende den underliggende årsag til dyspnø
og på den made forberede håndteringen af patienten og
ultimativt bedre overlevelsen.

8.2&Formål&
Formålet med denne afhandling var 1) at sammenligne
dødeligheden mellem patienter med dyspnø og andre
symptomer i ambulancen 2) at afklare om den høje
dødelighed hos dyspnø patienter sammenlignet med
andre patientgrupper blot kan tilskrives patienternes alder
og bestående sygdomme 3) at identificere høj-risiko
grupper blandt dyspnø patienter 4) at evaluere brugen af
elektrokardiogram til identificering af høj-risiko dyspnø
patienter 5) at evaluere, hvorvidt supplerende analyse af
en blodprøve for hjertesvigt kaldet N-terminal pro-Brain
Natriuretic Peptide (NT-proBNP) kan forbedre
håndteringen af patienter med hjertesygdom som årsagen
til deres dyspnø sammenlignet med vanlig klinisk
undersøgelse ved ambulance læge.

mellem patienter med forskellige elektrokardiografiske
fund i det første studie og mellem patienter
diagnosticeret med forskellige hjerte-, lunge-, og andre
sygdomme i det andet studie. I Del 2 gennemførte vi en
randomiseret kontrolleret undersøgelse, hvor vi
sammenlignede rutinemæssig undersøgelse ved
ambulancelæge med og uden point-of-care NT-proBNP
måling Det primære endepunkt var visitation af patienter
med dyspnø som følge af hjertesygdom direkte til
specialiseret hjerteafdeling.

8.4&Resultater&og&konklusion&
I Del 1 fandt vi, at patienter med åndenød i ambulancen
havde højere dødelighed end alle andre patientgrupper,
fraset dem der netop var genoplivet efter hjertestop i
studie 1 og bevidstløse/hjertestopspatienter i studie 2.
Denne forskel i dødelighed var uafhængig af patienternes
alder og bestående sygdomme. Identifikation af STelevations myokardie infarkt eller grenbloks infarkt ved
hjælp af elektrokardiogram i ambulancen var brugbart til
at identificere en lille gruppe af patienter med meget høj
risiko for død i studie 1, hvilket understreger vigtigheden
af at der tages EKG hos åndenødspatienter hvis der er
tvivl om den underliggende årsag. Endvidere fandt vi, at
patienter med hjertesvigt, lungebetændelse og i
særdeleshed patienter med sepsis udgjorde vigtige højrisiko grupper, hvor der synes at være et potentiale for at
forbedre overlevelsen i studie 2. Der resterede en stor
gruppe af patienter med andre årsager til åndenød, hvor
det på sigt også kan være muligt at identificere høj-risiko
patienter. I Del 2 fandt vi, at det ikke havde effekt på
visitation, behandling eller overlevelse at tilføje NTproBNP måling til den vanlige kliniske undersøgelse.
Derimod blev ambulancelægerne bedre til at udelukke
hjertesvigt som årsag til åndenød. Der synes at være
behov for andre diagnostiske og terapeutiske tiltag for at
bedre håndteringen af patienter med dyspnø i
ambulancen.

&

8.3&Metoder&
Denne afhandling består af to registerundersøgelser (Del
1) og et klinisk interventions studie (Del 2). I Del 1
sammenlignede vi dødeligheden blandt patienter med
åndenød med dødeligheden blandt andre symptomgrupper i to forskellige præhospitale patientpopulationer. I det første studie, inkluderede vi patienter
som blev mistænkt for at have en blodprop i hjertet i
ambulancen og som derfor fik sendt et
elektrokardiogram fra ambulancen ind til en
hjertemedicinsk afdeling i Region Midtjylland. I det andet
studie inkluderede vi alle patienter, som ringede 1-1-2 på
grund af sygdom og modtog en ambulance i Region
Midtjylland, Region Hovedstaden eller Region
Syddanmark. For at identificere høj-risiko patienter,
sammenlignede vi endvidere den kortsigtede dødelighed
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Dyspnea, a high-risk symptom in patients
suspected of myocardial infarction in the
ambulance? A population-based follow-up
study
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and Christian Juhl Terkelsen2
Abstract
Background: Systematic management of patients suffering high-risk symptoms is essential in emergency medical
services. Patients with chest pain receive algorithm-based work-up and treatment. Though dyspnea is recognized as
an independent predictor of mortality, no generally accepted prehospital treatment algorithm exists and this may
affect outcome. The objective of this study was to compare mortality in patients suspected of myocardial infarction
(MI) presenting with dyspnea versus chest pain in the ambulance.
Methods: Follow-up study in patients undergoing electrocardiogram-based telemedical triage because of suspected
MI in an ambulance in the Central Denmark Region from 1 June 2008 to 1 January 2013. Primary outcome was 30-day
mortality. Secondary outcomes were 4-year mortality and mortality rates in subgroups of patients with and without a
confirmed MI. Absolute risk differences adjusted for comorbidity, age, systolic blood pressure and heart rate were
calculated by a generalized linear regression model.
Results: Of 17,398 patients, 12,230 (70 %) suffered from chest pain, 1464 (8 %) from dyspnea, 3540 (20 %) from other
symptoms and 164 (1 %) from cardiac arrest. Among patients with dyspnea, 30-day mortality was 13 % (CI 12–15) and
4-year mortality was 50 % (CI 47–54) compared to 2.9 % (CI 2.6-3.2) and 20 % (CI 19–21) in patients with chest pain.
MI was confirmed in 121 (8.3 %) patients with dyspnea and in 2319 (19 %) with chest pain. Patients with
dyspnea and confirmed MI had a 30-day and 4-year mortality of 21 % (CI 15–30) and 60 % (CI 50–70)
compared to 5.0 % (CI 4.2-5.8) and 23 % (CI 21–25) in patients with chest pain and confirmed MI. Adjusting
for age, comorbidity, systolic blood pressure and heart rate did not change these patterns.
Conclusion: Patients suspected of MI presenting with dyspnea have significantly higher short- and long-term
mortality than patients with chest pain irrespective of a confirmed MI diagnosis. Future studies should examine if
supplementary prehospital diagnostics can improve triage, facilitate early therapy and improve outcome in patients
presenting with dyspnea.
Keywords: Dyspnea, Myocardial infarction, Prehospital emergency medical services, Mortality
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Background
In emergency medical services (EMS), a systematic approach to patients suffering high-risk symptoms is essential. Systematic guidelines for prehospital management of
chest pain were developed more than a decade ago and
prehospital management plays an increasingly important
role in cardiac arrest guidelines [1, 2]. Timely prehospital
diagnostics and early primary percutaneous coronary
intervention or fibrinolysis in ST-elevation myocardial
infarction (STEMI) have contributed significantly to a
reduced mortality in myocardial infarction (MI) [3, 4]. In
out-of-hospital cardiac arrest (OHCA), a combination of
layperson cardiopulmonary resuscitation, early defibrillation, improved skills among EMS personnel and advanced
life support has improved outcome [5]. For patients with
dyspnea, however, we have no commonly accepted guidelines for prehospital management. This is a paradox, since
dyspnea is recognized as an independent predictor of
mortality [6, 7]. In Denmark, a prehospital electrocardiogram (ECG) based telemedical diagnosis of STEMI is
sought not only in patients with chest pain but also among
other symptoms suggestive of MI, including dyspnea [4,
8]. However, STEMI is less frequent in patients with dyspnea than in chest pain [9]. In dyspnea, multiple other
tentative diagnoses are possible – often as interacting comorbid conditions [10–12]. At the same time, treatment
is often necessary before a final diagnosis is made and giving the right treatment to the right patient is a difficult
task. We therefore hypothesize that a primary complaint
of dyspnea predicts a higher mortality than chest pain in
patients suspected of MI in the ambulance.
The primary aim of the present study was to compare
mortality in telemedically triaged patients suspected of MI
presenting with dyspnea or chest pain. The secondary aim
was to compare mortality in these patients according to
whether a diagnosis of MI was established or not.
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surgery) is centralized at Aarhus University Hospital.
Health care is public and provided free of charge by the
Danish National Health Service.
Ambulance personnel establish an ECG-based telemedical contact to an on-call cardiologist at a local department
of cardiology in patients suspected of an MI according to
predefined criteria: 1) patients with on-going or recent
chest pain within the past 12 h and/or clinical suspicion of
MI (e.g. pallor and diaphoresis) 2) patients with new onset
of dyspnea within the past 12 h and no known lung disease 3) patients with other symptoms raising suspicion of
heart disease (e.g. syncope/somnolence, palpitations, abdominal/back pain, intoxication etc.) and 4) patients resuscitated from OHCA. In case of STEMI, OHCA with
no obvious non-cardiac cause, or cardiogenic shock, the
ambulance is re-routed directly to the pre-alerted
catheterization laboratory at Aarhus University Hospital for coronary angiography and primary percutaneous coronary intervention. Patients not re-routed
directly to the catheterization laboratory are generally
admitted to the nearest hospital receiving acute patients. On-call cardiologists receiving the telemedical
calls perform all registrations in the Danish Teledatabase, including which of the above-mentioned
symptoms/conditions is the predominant cause of MI
suspicion in the individual patient.
Study population

The criterion for inclusion in the study was a registration of an ECG-based telemedical contact in the Teledatabase at a department of cardiology in the Central
Denmark Region with a valid personal identification
number. Only the first contact during the study period
in each patient was included. Participants were followed
until 9 October 2013. Contacts with invalid personal
identification number or foreigners were considered lost
to follow up and were excluded from the study.

Methods
Design and setting

Data sources

This is a population-based follow-up study of 23,184 telemedical contacts registered in the Danish Tele-database
from 1 June 2008 to 1 January 2013. The setting is the Central Denmark Region which covers an area of 13,053 km2
of mixed urban, suburban and rural land with 1.3 million
inhabitants corresponding to 23 % of the Danish population [13]. The EMS response in this region is twotiered with basic-level care delivered by ambulances
sent to all urgent cases. Anesthesiologist or nurse
anesthetist staffed prehospital critical care teams deliver
supplementary advanced prehospital care in suspected
life-threatening cases. Acutely ill patients are brought to
one of five public hospitals within the region. Revascularization therapy (percutaneous coronary intervention or

Vital status was retrieved from the Danish Civil Registration System; and data on previous diseases and present
diagnoses according to the 10th version of the International Classification of Disease (ICD-10) were retrieved
from the Danish National Registry of Patients. Full medical files were retrieved from a total of 200 patients with
dyspnea for development of an algorithm for determining
the cause of dyspnea in the ambulance and for validation
of this algorithm.
The present study was exempt from ethical approval
according to Danish law. The Danish Data Protection
agency (Journal nr. 1-16-02-158-12) and the Danish
Health and Medicines Authority (Journal nr. 3-3013247/1/) approved the study.
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Exposures and outcomes

The predominant symptoms/conditions leading to suspicion of MI as registered by the on-call cardiologists were
regarded as exposures. The primary outcome was 30-day
mortality. Secondary outcomes were long-term mortality
(4 years), the number of patients in each group diagnosed with an MI and the associated mortality rates, and
causes of dyspnea in patients triaged because of dyspnea.
The following potential confounders were considered to
be relevant: comorbidities, age, gender, smoking status,
alcohol consumption, heart rate and systolic blood pressure. Because of an expected mixture of different underlying diseases causing the different symptoms, we opted
on using a comorbidity index rather than adjusting for
specific diseases. We chose the Charlson Comorbidity
Index based on the ICD-10 diagnoses as described by
Sundararajan et al. as this is extensively validated - also
in a Danish population [14, 15]. Information on age,
gender, heart rate and systolic blood pressure was obtained from the Tele-database. Vital signs were measured at first encounter – in patients resuscitated from
cardiac arrest immediately following ROSC. We had no
information on smoking status or alcohol consumption.
Patients diagnosed with MI were identified by ICD-10
codes ranging from DI21.0 to DI23.8A. By studying information from the full medical files from the first 100
of the 1,464 patients with dyspnea, we developed an algorithm to predict the cause of dyspnea (heart disease/
lung disease/other cause) based on the ICD-10 codes
assigned at discharge (Additional file 1 and 2). A new
random sample of 100 patients from the 1464 patients
with dyspnea was then drawn to test the algorithm. For
these patients, full medical files including imaging and
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blood tests were retrieved and reviewed by an end-point
adjudication committee consisting of two investigators
blinded to the result of the ICD-10 algorithm. The members of the committee adjudicated the cause of dyspnea,
dividing it into one of three main categories: 1) heart
disease 2) lung disease and 3) other cause. In case of incongruence, a third investigator reviewed the material
and chose one of the two previously adjudicated causes.
Thus, the majority vote was accepted as consensus. It
was decided a priori that the performance of the ICD-10
algorithm was satisfactory if in agreement with the adjudication committee in at least 75 % of cases. This decision
was based on previously reported variations in sensitivity
and specificity in which ICD-10 codes were used to evaluate whether a diagnosis of heart failure and chronic
obstructive pulmonary disease was established [16, 17].
Analyses

Mortality was displayed as Kaplan Meier curves which
were truncated when less than 10 % of the original cohort was left. To adjust for potential confounders, we
planned to perform a Cox proportional hazards regression
analysis. The survival curves did not fulfill the proportional hazards assumption, so this plan was waived.
Instead we calculated adjusted risk differences by a generalized linear regression using pseudo-observations. The
pseudo-observations approach is a transformation of data
like log-transformation and others – although it is mathematically more complex. In contrast to Cox regression it
allows for non-proportional survival curves and analysis
of risk differences at specific time points. It has been well
described by Klein et al. [18]. Analyses were conducted in
STATA12 (StataCorp LP, Texas, USA) according to the

Fig. 1 Study flow diagram of patients suspected of myocardial infarction triaged by use of electrocardiogram-based telemedicine
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Table 1 Baseline characteristics for patients suspected of myocardial infarction triaged by use of electrocardiogram-based
telemedicine (n = 17,398). Stratified according to symptom/condition leading to telemedical triage

Variables

Chest pain

Dyspnea

Cardiac arrest

(n = 12,230)

(n = 1464)

(n = 164)

Other
(n = 3540)

No (%)

Valid cases No (%)

Valid cases No (%)

Valid cases No (%)

Valid cases p

Age, median (IQR), y

65 (53–76)

12,230

76 (65–84)

1464

67 (57–79)

163

71 (59–81)

3540

<0.001

Sex (male)

7061 (58)

12,230

760 (52)

1464

114 (70)

163

2098 (59)

3540

<0.001

Demographics

Charlson comorbidity
index group

12,230

1464

163

3540

0

6296 (51)

483 (33)

90 (55)

1638 (46)

1–2

4016 (33)

517 (35)

57 (35)

1235 (35)

<0.001
<0.001

3–4

1274 (10)

279 (19)

11 (7)

441 (12)

<0.001

≥5

644 (5)

185 (13)

6 (4)

226 (6)

<0.001

146 (129–166) 11,449

148 (128–170) 1362

129 (107–148) 124

138 (120–158) 3240

<0.001

Clinical parameters
Blood pressure
Systolic, median (IQR),
mmHg

Diastolic, median (IQR), 88 (77–99)
mmHg

11,411

87 (74–102)

1361

83 (66–102)

123

82 (70–94)

3231

<0.001

Heart Rate, median (IQR), 82 (70–98)
beats/min

11,451

95 (80–116)

1373

92 (76–105)

127

82 (67–101)

3242

<0.001

Binary data are compared using chi-squared test, continuous data are compared using Kruskal Wallis test

method described by Parner and Andersen [19]. P-values
<0.05 was considered to be significant and 95 % confidence intervals (CIs) were used. Participants were categorized into Charlson Comorbidity Index Groups according
to the original classification by Charlson et al. [20]. Participants were categorized according to systolic blood pressure and heart rate into four groups approximated to
quartiles. Missing data were expected to be missing completely at random and no imputation was made.

Results
Of 23,184 telemedical contacts, 17,398 correct registrations of first telemedical contacts in individual patients were included (Fig. 1). The patients’ baseline
characteristics are presented in Table 1. Median
follow-up time was 2.4 years (IQR: 1.3 – 3.7). An MI

was diagnosed in 2319 of 12,230 (19 %) patients with
chest pain and in 121 of 1464 (8.3 %) patients with
dyspnea. Patients suffering dyspnea had higher mortality rates than patients with chest pain at both day 30
(primary endpoint) and 4 years, irrespective of whether
a diagnosis of MI was confirmed or not (Table 2).
Kaplan-Meier estimates for mortality in all four groups
of patients are displayed in Fig. 2. Kaplan-Meier estimates for mortality in patients with chest pain and
dyspnea with and without confirmed MI are displayed
in Fig. 3. Age, comorbidity, systolic blood pressure and
heart rate remained significant predictors of mortality
in the generalized linear regression model. Adjusted
for these potential confounders, patients suffering dyspnea still had higher mortality rates than patients suffering chest pain (Table 3).

Table 2 Crude mortality rates in patients suspected of myocardial infarction triaged by use of electrocardiogram-based telemedicine
(n = 17,398). Stratified according to symptom/condition leading to telemedical triage and to myocardial infarction diagnosis in
patients with dyspnea and chest pain
Chest pain (n = 12,230)

Dyspnea (n = 1464)

Cardiac arrest (n = 164) Other (n = 3540)

Overall

No MI

MI

Overall

No MI

MI

Mortality

(n = 12,230)

(n = 9911)

(n = 2319)

(n = 1464)

(n = 1343)

(n = 121)

30 days
(95% CI)

2.9 % (2.6–3.2) 2.3 % (2.1–2.7) 5.0 % (4.2–5.8) 13 % (12–15) 13 % (11–15) 21 % (15–30) 38 % (31–46)

4 years 95% CI 20 % (19–21)

19 % (18–20)

23 % (21–25)

50 % (47–54) 50 % (46–53) 60 % (50–70) 51 % (42–60)

5.8 % (5.0–6.6)
29 % (27–31)

Abbreviations: MI myocardial infarction
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Fig. 2 Kaplan Meier curves of cumulative mortality in patients suspected of myocardial infarction triaged by use of electrocardiogrambased telemedicine (n = 17,398). Stratified according to symptom/condition leading to telemedical triage

Cause of dyspnea

Two endpoint committee adjudicators agreed on the primary cause of dyspnea in all but four of 100 patients
sampled for validation. In these patients, the third adjudicator was involved and the majority vote was accepted.
The ICD-10 diagnosis algorithm was in agreement with

the endpoint adjudication committee in 78 % of the 100
patients sampled for validation. The predominant underlying cause of dyspnea in this cohort of patients suspected of MI was heart disease, but only 8,3 % actually
had an MI (Table 4). Among patients in whom heart disease was the primary cause of dyspnea, 20 % were also

Fig. 3 Kaplan Meier curves of cumulative mortality in patients with dyspnea and chest pain suspected of myocardial infarction and triaged by
use of electrocardiogram-based telemedicine (n = 13,694). Stratified according to whether a myocardial infarction was diagnosed or not
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Table 3 Generalized linear regression analysis of covariates associated with mortality. Analyzed at 30 days and 4 years in patients
suspected of myocardial infarction triaged by use of electrocardiogram-based telemedicine (n = 15,578 cases with complete data)
30-day mortality
Covariates remaining
significant in models

4-year mortality

Risk difference (95 % CI)

P value

Risk difference (95 % CI)

P value

0.19 % (0.17 to 0.21)

<0.001

0.9 % (0.8 to 1.0))

<0.001

Demographics
Age, per 1-y increase
Comorbidity
Charlson Comorbidity Index
0

1 [Reference]

1 [Reference]

1–2

0.1 % (−0.6 to 0.8)

0.852

7.2 % (5.4 to 8.9)

3–4

1.6 % (0.3 to 2.8)

0.017

22 % (19 to 26)

<0.001

≥5

6.4 % (4.3 to 8.6)

<0.001

39 % (35 to 44)

<0.001

<0.001

Clinical characteristics
Systolic blood pressure
<120

1 [Reference]

120–139

−4.9 % (−6.2 to −3.6)

<0.001

−3.7 % (−6.2 to −1.2)

1 [Reference]
0.004

140–159

−6.0 % (−7.3 to −4.8)

<0.001

−7.3 % (−9.9 to −4.8)

<0.001

≥160

−7.8 % (−9.1 to −6.5)

<0.001

−11 % (−13 to −8.0)

<0.001

Heart rate
<70

1 [Reference]

70–84

1.3 % (0.5 to 2.1)

0.001

4.1 % (2.0 to 6.3)

1 [Reference]

85–99

2.2 % (1.3 to 3.1)

<0.001

5.2 % (2.9 to 7.5)

<0.001

≥100

3.2 % (2.2 to 4.1)

<0.001

8.7 % (6.5 to 10.9)

<0.001

<0.001

Patient category
Chest pain, no MI

1 [Reference]

Chest pain and MI

1.8 % (0.8 to 2.8)

<0.001

1 [Reference]
1.7 % (−0.7 to 4.0)

0.167

Dyspnea, no MI

7.3 % (5.5 to 9.2)

<0.001

16 % (12 to 19)

<0.001

Dyspnea and MI

12 % (5.7 to 20)

<0.001

21 % (11 to 32)

<0.001

Other

1.7 % (0.8 to 2.6)

<0.001

3.8 % (1.7 to 5.8)

<0.001

Cardiac arrest

26 % (18 to 34)

<0.001

20 % (11 to 29)

<0.001

Abbreviations: MI myocardial infarction

diagnosed with a lung disease. When lung disease was
the primary cause for dyspnea, 41 % of patients were
also diagnosed with a heart disease.

Sensitivity analyses

We performed three sensitivity analyses, all related to
different ways of adjusting for age and comorbidity (included in Additional file 3). We accounted for a possible
higher risk with increasing age in older age categories
than in younger by including both age and age squared
and for a possible polynomial development by including
age as qubic splines with seven knots. This reduced the
effect of dyspnea slightly but did not change the overall
patterns. Including specific diseases related to chest pain
and dyspnea rather than the Charlson Comorbidity

Index in addition to using qubic splines to adjust for age
did not change the results.

Discussion
This study demonstrates that among patients suspected
of MI in the ambulance, patients presenting dyspnea
have a three-fold higher mortality than patients with
chest pain irrespective of a confirmation of the MI diagnosis. Adjustment for potential confounders does not
change these patterns.
Dyspnea vs. other symptoms

Studies comparing mortality rates in patients with dyspnea and patients with other symptoms in a prehospital
setting are scarce. However, a large study in emergency
medical technician witnessed OHCA showed that
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Table 4 Diagnoses in patients with dyspnea. Primary diagnoses
in patients suspected of myocardial infarction because of dyspnea
and triaged by use of electrocardiogram-based telemedicine
(n = 1464)
Primary diagnosis
Heart disease
Heart failure/cardiomyopathies

n (%)
692 (47.3)
202 (13.8)

Supraventricular tachycardia

151 (10.3)

Acute myocardial infarction

121 (8.3)

Pulmonary embolism

64 (4.4)

Chronic ischaemic heart disease

57 (4.0)

Valvular heart disease

46 (3.2)

Other arrhythmia

17 (1.2)

Other heart disease

34 (2.3)

Lung disease

359 (24.5)

Pulmonary infections

209 (14.3)

Obstructive lung diseases

121 (8.3)

Pleural disorders

12 (0.8)

Interstitial lung disease

8 (0.6)

Other lung diseases

9 (0.6)

Other
Other infections

413 (28.2)
49 (3.4)
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prehospital diagnostics in dyspnea patients, but it seems
inadequate to establish a prehospital diagnosis and identify high-risk patients in this patient group in general.
These patients suffer from a variety of diseases not only
including MI but also heart failure, pulmonary infections, and obstructive pulmonary disorders. Furthermore, our study also demonstrates that heart and lung
disease frequently coexist. This is supported by other
studies [11, 12], and this co-existence deteriorates the
prognosis [10]. As it is seen from Table 1, age and
comorbidities do play a major role in the high mortality
in patients with dyspnea. At long term, the independent
effect on mortality of being in CCI group ≥ 3 or being
10 years older is more pronounced than the effect of
suffering dyspnea. At short term, the same applies to
age, but not comorbidities. In addition, no matter how
we tried to adjust for age and comorbidities, we were
not able to eliminate an independent effect of dyspnea
compared to chest pain. This indicates, that there is a
potential for improving care of patients with dyspnea.
Based on the very high mortality observed in the first
short period of time after ambulance contact, there
seems to be a window of opportunity in the acute phase
(refer to the Kaplan-Meier curves in Fig. 2).

Gastrointestinal diseases

31 (2.1)

Towards a systematic approach

Endocrine and metabolic diseases

26 (1.8)

Anaemia

18 (1.2)

Renal disease

18 (1.2)

As of now, a stethoscope and an ECG is the most advanced diagnostics routinely used in dyspneic patients in
the prehospital setting. Treatment is often broad rather
than specific and the evidence behind different new
interventions is scarce. We are currently witnessing several, promising technological developments that may aid
prehospital decision-making and treatment in dyspneic
patients. Point-of-care testing with biomarkers, like brain
natriuretic peptides and focused ultrasonography, has
been suggested [24–26]. Establishing an accurate diagnosis already in the ambulance to facilitate earlier correct
therapy and triage high-risk patients to specialized departments or intensive care unit may improve outcome,
but this has not been examined. New treatment regimes
facilitating oxygenation and ventilation by continuous
positive airway pressure or non-invasive ventilation has
also been suggested, but has not been sufficiently examined in relation to patient outcome [27]. Validating the
findings of this study in unselected patients with dyspnea in the prehospital setting and the systematic use of
prehospital point-of-care diagnostics and novel treatments for this patient group are potential subjects for
future research.

Miscellaneous

133 (9.1)

No final diagnosis

138 (9.4)

Symptom/“encounter for” diagnoses

105 (7.1)

No hospital admission

33 (2.3)

patients suffering chest pain prior to cardiac arrest were
five times more likely to survive than patients suffering
dyspnea prior to cardiac arrest [21]. In a retrospective
analysis of hospitalized patients with first-time MI, dyspnea was associated with higher long-term mortality
than other presenting symptoms, including chest pain
[22]. In patients undergoing coronary angiography for
suspected acute coronary syndrome, a four-fold higher
mortality in dyspneic compared to non-dyspneic patients
was demonstrated [23]. Thus, the observation of higher
mortality among dyspneic patients is consistent across
the prehospital setting, the acute hospital setting, and
the catheterization laboratory. Nevertheless, we still do
not have broadly accepted guidelines for management of
the dyspneic patient in the prehospital setting.

Strengths and limitations
Diagnoses, comorbidities and age

Approximately 8 % of the patients suffering dyspnea had
an MI. ECG acquisition is thus important also in

A high number of consecutively registered patients and
adjustment for major confounding factors including age
and comorbidity are strengths of this study. Unlike most
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epidemiological studies, we were also able to adjust for
prehospital values of systolic blood pressure and heart
rate. An endpoint-adjudication committee validated the
use of ICD-10 diagnoses to establish the cause of dyspnea. Owing to the predefined criteria for telemedical
contact, only a fraction of all patients with dyspnea in
the ambulance were telemedically triaged and registered.
A selection bias that favors a higher proportion of patients with heart disease is evident. Dyspneic patients
suspected of MI might be more severely affected than
those not suspected of MI because some of them may
have large anterior infarctions and non-cardiac acute
conditions like pulmonary embolism and pneumothorax.
This might have led to an overestimation of the mortality in patients with dyspnea compared with a general
prehospital dyspnea population. As we did not have data
on smoking status, alcohol consumption, left ventricular
systolic function or pulmonary function, residual confounding might be present. However, adjusting for
smoking status did not change the association between
dyspnea and mortality in several other studies [7, 28].
Pulmonary disease and heart failure are included in the
Charlson Comorbidity Index and adjustment was inherent for pulmonary function and left ventricular systolic
function.

Conclusion
Patients suspected of MI presenting with dyspnea have
a markedly higher short- and long-term mortality than
patients with chest pain irrespective of the presence of
MI. ECG acquisition and interpretation are insufficient
to diagnose such high-risk patients in this group. Further
studies are needed to clarify whether supplementary
prehospital diagnostics can improve triage, facilitate earlier
correct therapy and improve outcome in patients presenting with dyspnea.
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ABSTRACT
Objective To examine mortality among patients calling the medical emergency number and receive ambulance
transportation; specifically to compare mortality in those receiving an ambulance because of dyspnea to those
receiving an ambulance due to other causes.
Methods A population-based follow-up study. Participants were 142 125 patients receiving ambulance transportation
following medical emergency call in three of five Danish regions from July 1, 2011 to December 31, 2012. Main
outcome measures were 30-day and 1-year mortality in patients with dyspnea, unconsciousness/cardiac arrest, chest
pain, neurological symptoms, accidents/trauma, and “other medical emergency callers”.
Results At 30 days, mortality rates were: 12.3% (95% CI 11.7 -13.0) in patients with dyspnea, 49.3% (95% CI 48.050.7) in unconscious/cardiac arrest patients, 2.8% (95% CI 2.5 – 3.0) in patients with chest pain, 6.0% (95% CI 5.66.3) in patients with neurological symptoms, 2.3% (95% CI 2.2 – 2.5) in patients suffering accidents or trauma, and
4.4% (95% CI 4.2 – 4.6) in other medical emergency callers. These patterns persisted at the 1-year follow-up. After
adjustment for age, sex, and comorbidity, patients suffering dyspnea had higher short- and long-term mortality than
all other groups except for unconscious/cardiac arrest patients.
Conclusions Second only to unconscious/cardiac arrest patients, patients suffering dyspnea had higher mortality rates
than other patients receiving an ambulance after a medical emergency call. A potential for improving care for patients
suffering dyspnea seems to be present.
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INTRODUCTION
Background
Prioritization of resources is a prerequisite for efficient
emergency medical services (EMS). EMS staff initially
use a symptom based approach, but almost twenty
years after Callaham and Spaite et al advocated for
rigorous evaluation of EMS1,2, studies comparing
patient outcome based on different presenting
symptoms or cause of emergency calls are very limited.
Nevertheless, decades of development have resulted in
a high prioritization of patients with cardiac arrest,
chest pain, and trauma – both clinically and in
research.3-6
In the late 1980’s, population-based studies like the
Framingham study established that in a general
population, dyspnea is a strongly associated to
mortality.7,8 Ten years later, a study in out-of-hospital
cardiac arrest patients showed that patients suffering
dyspnea prior to cardiac arrest were five times more
likely to die than patients suffering chest pain prior to
cardiac arrest.9 A recent prehospital study demonstrates
that patients suffering dyspnea have higher mortality
rates than patients presenting other symptoms
indicative of myocardial infarction.10 These findings
suggest that patients suffering dyspnea in the
ambulance may be at especially high risk of death
compared to other patients, but the conducted studies
suffer from inherent risk of selection bias.
Importance
Knowledge on patient outcome based on primary cause
of medical emergency call is essential. It is imperative
to clarify if mortality rates in patients with dyspnea do
really stand out from mortality rates in patients
suffering other symptoms in unselected patients in need
of emergency medical services.
Goals of this investigation
This study primarily aimed to clarify how mortality
among patients receiving an ambulance because of
dyspnea compares to mortality in patients receiving an
ambulance due to other causes in emergency medical
services. The secondary aim was to compare mortality
among patients suffering different underlying diseases
causing dyspnea.

METHODS
Study design and setting
This was a population-based follow-up study of
patients who dialed the emergency number (1-1-2)
because of a medical emergency and received
ambulance transportation from July 1, 2011 to
December 31, 2012 in three of five Danish Regions.
These regions, the Capital Region of Denmark, the
Central Denmark Region, and the Region of Southern

Denmark, are populated by 4.2 million inhabitants,
representing approximately 75% of the total Danish
population.11 Health care, including emergency medical
services, is tax-supported via the Danish National
Health Service. Field services are subsidized and
private contractors operate ambulances (staffed by
emergency medical technicians and paramedics),
ground-based prehospital critical care teams (staffed by
nurses or physicians) and helicopter emergency
medical services (staffed by physicians). All medical
emergency calls go through public emergency medical
coordination centers staffed by health care
professionals (nurses, paramedics, and doctors). The
health care professionals determine the level of
emergency of the individual calls and dispatch
responses (ambulance, critical care team, and/or
helicopter) guided by a criteria-based dispatch
protocol. Thus, when a response is dispatched, the level
of emergency and cause of the medical emergency call
is registered.12 All registration is performed by
assignment of a dispatch code that includes a level of
emergency (A through E, where E patients do not
receive transportation) and a dispatch criterion
representing the cause of medical emergency call.
There are 37 different dispatch criteria, including
symptoms like unconsciousness, chest pain, breathing
difficulties, and neurological symptoms or incidents
like road traffic accidents (see Appendix 1).
Selection of participants
This study included all patients assigned with an
emergency level of A-D (i.e. all those receiving
transportation). The following variables were extracted
from the dispatch software: time of emergency call,
dispatch code, and the patient’s civil registration
number. The civil registration number is a unique
personal identification number that enables
unambiguous linkage to all public Danish registries.
The contact was excluded if an invalid dispatch code
was registered, or if the civil registration number was
invalid or missing. Only the first medical emergency
call for each unique individual was included in the
analyses.
Data sources and approvals
We retrieved vital from the Danish Civil Registration
System. We retrieved previous diagnoses according to
the 10th version of the International Classification of
Disease (ICD-10) from the Danish National Patient
Register. The Danish National Patient Register
contains information on all hospital admissions in
Denmark and the physicians responsible for the patient
do registration during admission. Both the Danish Civil
Registration System and The Danish National Patient
Register supply very accurate information.13,14 The
Danish Data Protection Agency (File nr. 1-16-02-13015) and the National Board of Health (File nr. 6-8011953/1) approved this study.
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Exposures and outcomes
We grouped the 37 dispatch criteria into six major
“cause of emergency call” groups according to
Appendix 1. These groups were regarded as exposures.
The primary outcome was mortality at 30 days.
Secondary outcome measures included mortality at day
1, day 7, and 1 year. We derived data on comorbidities
for regression analysis by calculating the Charlson
Comorbidity Index based on the ICD-10 ten years back
in time as described by Sundararajan et al. and
validated in a Danish population.15,16
In addition to this, we examined mortality among
groups of patients suffering dyspnea according to the
presence or absence of preexisting heart and lung
disease. We used the classification of heart and lung
diseases known to be prognostic of mortality as
provided in the Charlson Comorbidity Index defined by
the 10th version of the International Classification of
Disease (ICD-10).15,17 Preexisting heart disease thus
included prior myocardial infarction and/or congestive
heart failure. Preexisting lung disease included
obstructive and intrinsic restrictive lung disease.
Statistical analyses
Cumulative mortality was described at day 1, day 7,
day 30, and 1 year. Day 1 corresponds to the same day
as the emergency call or the day after. Long-term
mortality was displayed using Kaplan-Meier
cumulative mortality curves truncated when less than
10% of the original cohort remained.
To calculate adjusted risk ratios between patients
according to the cause of emergency call, we
conducted a generalized linear regression using
pseudo-observations. This is a transformation of the
data described by Andersen et al that allows for
survival analysis at specific time points.18 We adjusted
for three potential confounders – sex, age, and
comorbidity. Analyses were conducted in STATA13
(StataCorp LP, Texas, USA) according to the method
described by Parner and Andersen.19 Participants were
grouped into Charlson Comorbidity Index groups
according to the original classification by Charlson et
al.17 Age was included into the regression model as
cubic splines with seven knots.

RESULTS
Characteristics of study subjects
Of 271 642 ambulance dispatches, we identified and
included 142 125 valid unique first patient contacts
into the study (Figure 1). Median follow-up time was
9.9 months (IQR 6.7 – 14.8). In total, 9607 patients
(6.8%) suffered from dyspnea, 5563 (3.9%) were
unconscious/cardiac arrest patients, 20 945 (14.7%)
suffered from chest pain, 17 804 (12.5%) suffered from
neurological symptoms,
40 784 (28.7%) had been subject to accident or trauma,
and 47 422 (33.4%) were other medical emergency
callers. Table 1 contains baseline characteristics. In
general, medical emergency callers subject to accidents
or trauma and the group of other emergency callers
were younger and had less comorbidity than
emergency
callers
suffering
dyspnea,
unconsciousness/cardiac arrest, chest pain, or
neurological symptoms. Patients with dyspnea had
more comorbidities than any other group.
Main results
At 30 days, cumulative mortality rates in the
major cause of medical emergency call groups were as
follows: 12.3% (95% CI 11.7 - 13.0) in patients with
dyspnea,
49.3%
(95%
CI
48.0-50.7)
in
unconscious/cardiac patients, 2.8% (95% CI 2.5 – 3.0)
in patients with chest pain, 6.0% (95% CI 5.6 - 6.3) in
patients with neurological symptoms, 2.3% (95% CI
2.2 – 2.5) in patients suffering accidents or trauma, and
4.4% (4.2 – 4.6) in other medical emergency callers.
After unconscious/cardiac arrest patients, patients
suffering dyspnea had higher mortality rates than any

Sensitivity analyses
We performed sensitivity analyses including medical
emergency callers not receiving an ambulance into the
analyses. Secondly, we performed sensitivity analysis
including patients lacking civil registration numbers,
assuming either that all patients lacking a civil
registration number died at day one or that all patients
lacking civil registration numbers lived to the median
follow up-time.

Figure 1. Study flow diagram of medical emergency
callers included in the study
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Figure 2. Kaplan-Meier cumulative mortality curves
Kaplan-Meier cumulative mortality curves for emergency medical callers grouped according to cause of
emergency call
Abbreviations: Emerg.; Emergency
other group of patients at all time points (Figure 2 and
Table 2). This pattern did not change when adjusting
for the potential confounders of age, sex, and
comorbidity. At day 30, patients with dyspnea had twoto four-fold higher adjusted mortality rates than these
other patient groups. Highly significant differences
were also observed at 1 year of follow up. Table 3
provides mortality rates according to the individual
dispatch criteria under each major cause of medical
emergency call group.
Subgroup analysis according to preexisting heart or
lung disease
Among patients with dyspnea, patients with preexisting
heart disease or both heart and lung disease had higher
mortality rates than patients suffering lung disease only
or no heart or lung disease (Table 4). However,
adjusted for age and sex, patients with heart disease,
lung disease, or both generally had slightly lower shortterm mortality than patients not diagnosed with heart or
lung disease. At the 1-year follow up, patients with
heart and lung disease had the highest mortality, with
an adjusted relative risk of 1.2 (95% CI 1.1 – 1.4)
compared to patients without preexisting heart or lung
disease.

Sensitivity Analyses
Including medical emergency callers not receiving an
ambulance into analyses did not change the patterns
(Appendix 2). Including patients lacking the civil
registration number assuming either that all patients
lacking the civil registration number died at day one or
that all patients lacking it lived to median follow uptime changed the magnitude of the relative risks, but
not the patterns.

LIMITATIONS
This study has some limitations. Firstly, the dispatch
software was not designed for research. In a relatively
high number of contacts, a dispatch code was either
missing or invalid. Approximately 30% of these also
lacked time stamps for ambulance dispatch, arrival at
scene, etc. and were probably double registrations (i.e.,
a registration begun, but not completed and
subsequently reentered with the correct information),
but the rest seemed to be actual dispatches. We do not
expect these exclusions to bias the results. Secondly,
however, we encountered a number of contacts lacking
a civil registration number. One could speculate that
these may represent contacts from patients that were
more ill or less ill than those from contacts not lacking
civil registration number. Sensitivity analyses
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assuming both scenarios showed that the results are
robust. Thirdly, we did not retrieve data on smoking
habits, pulmonary function testing, or cardiac ejection
fraction. Pulmonary function and ejection fraction is
expected to be correlated to comorbidity and has thus
been accounted for somewhat by adjusting for cardiac
and pulmonary comorbidities. Smoking status did not
change the association between dyspnea and mortality
in previous studies, but residual confounding might
still be present because of the lack of this
information.7,20
The generalizability of our results depends on the
organization of the regional health care systems, which
have different boundaries between primary health care,
ambulance
services,
and
hospital
services.
Nevertheless, this study should prove of importance to
health care providers worldwide due to its large sample
size and due to the fact that dialing an emergency
medical number is a major entrance into the health care
system.

DISCUSSION
This study demonstrated that, apart from
unconscious/cardiac arrest patients, patients suffering
dyspnea had the highest mortality among those
receiving an ambulance after medical emergency call.
Adjusting for age, sex, and comorbidity did not change
this pattern.
Our approach takes advantage of a large population of
medical emergency callers from Regions covering 75%
of the Danish population. The national Danish registers
are renowned for high quality data on mortality and
diagnoses. We adjusted for age and comorbidity using
a rigorous approach allowing for survival analysis at
specific time points. Finally, sensitivity analyses
addressing the most important weakness of our study
confirmed the robustness of our findings.
Very few prior studies have compared outcome among
unselected medical emergency callers based on the
cause of emergency call or presenting symptoms at the
time of emergency call. Our results in unselected
patients provide firm evidence for the findings of two
recent studies demonstrating a higher mortality in
dyspneic patients than in patients presenting with chest
pain and other symptoms among highly selected groups
of patients.9,10 This consistency demonstrates that
attention on patients suffering dyspnea in emergency
medical services is needed
Compared to other prehospital studies only assessing
specific symptom groups, the mortality among
dyspneic patients in the present study is similar to that
in a recent prehospital study reporting 10% hospital
mortality.21
The
30-day
mortality
among
unconscious/cardiac arrest patients is lower than usual
out-of-hospital cardiac arrest registries recently
showing 30-day mortality at nearly 90%.22 The 30-day
mortality among patients with chest pain in the present
study is low, but comparable to recent studies showing

rates of 2.0% and 3.8%, respectively.23,24 No other
studies examine mortality among patients suffering
neurological symptoms in the prehospital setting. The
30-day mortality observed in these patients is lower
than observed in patients suffering any type of stroke.25
The 30-day mortality for patients suffering accidents
and trauma is comparable to a recent study in road
traffic accidents reporting 0,5% fatality.26 Now that we
are able to compare mortality rates across medical
emergency callers based on the cause of emergency
call, there seems to be an imbalance between the
severity of the underlying diseases and the clinical and
research prioritization in emergency medical services.
Several potential mechanisms may explain the
increased mortality in patients suffering dyspnea as a
presenting symptom in the prehospital setting. The
higher age and higher degree of comorbidity in is
important. In dyspneic patients, heart and lung disease
frequently coexist and affect prognosis.27-29 As stated
by Callaham: “the majority of EMS patients have far
more chronic, complex problems that are not amenable
to a quick simple fix in the field.”1 In the present study,
mortality was increased in patients suffering heart
disease or a combination of heart and lung disease.
However, these patients were older than the other
groups. When adjusting for age and sex, patients with
no preexisting heart or lung disease unexpectedly had
slightly increased mortality compared to patients with
these comorbidities. This finding reveals that,
irrespective of the underlying cause, dyspnea resulting
in emergency call indicates a severe physiological
derangement reflecting serious illness – but not all of
these patients are chronically ill. Within the first 24-48
hours of hospital admittance, the mortality in dyspneic
patients (4,6%) exceeded that of all other symptoms
except unconsciousness/cardiac arrest, indicating the
presence of patients with immediate high mortality
risk. Our results emphasize the need to optimize
emergency management. Yet, the majority of deaths in
the present study occurred after day 30. Improvement
of outcome for dyspneic patients requires strengthening
of the whole chain of health-care - from emergency
care in the ambulance, to in-hospital care, outpatient
care and rehabilitation. Our results also denote the
potential to optimize not only emergency management
but also long-term treatment regimes for the underlying
causes of dyspnea. Although improvement of
prehospital care alone is insufficient, it is the initial
important part of an overall strategy.!
In respiratory failure from heart disease as well as lung
disease, physiological derangements like hypoxia,
hypercapnia and hypotension during the acute phase
negatively affect not only short-term but also long-term
outcome.30,31 Early correction of these derangements
may affect short- and long-term outcome in dyspneic
patients. Thus, a window of opportunity for improving
outcome in the acute phase for patients suffering
dyspnea seems to be present. Because patients are
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heterogeneous, optimal management may depend on
the underlying cause of illness. Unspecific ABCDE
treatment of dyspnea in the ambulance may not always
be adequate. Changing the prehospital approach to
selected groups of dyspneic patients, like limiting
oxygen flow to patients suffering exacerbation of
chronic obstructive pulmonary disorder, has previously
reduced intensive care unit admissions and improved
outcome.32 This is as much a question of not doing
harm, as it is a question of adding more advanced
therapy. To improve outcome, a systematic early
diagnostic approach is needed in the ambulance to
direct treatment towards the underlying cause of
dyspnea as early as possible. Point-of-care
measurement of brain natriuretic peptides may allow
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cardiac&arrest&
n&=&5563&(3.9%)&
No!(%)!
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!

!!
Variables&
Demographics&
!
!
Age,!median!(IQR),!y!
69!(51!G!80)!
68!(52G80)!
Sex!(male)!
4613!(48.0)!
3169!(57.0)!
Comorbidities&
!
!
CCI&group&
!
!
0!
3081!(32.1)!
2722!(48.9)!
1G2!
3962!(41.2)!
1772!(31.8)!
3G4!
1661!(17.2)!
705!(12.7)!
≥5!
903!(9.4)!
364!(6.5)!
Specific&diagnoses&(weight*)&
!
!
Acute!myocardial!infarction!(1)!
694!(7.2)!
310!(5.6)!
Congestive!heart!failure!(1)!
1339!(13.9)!
552!(9.9)!
Peripehral!vascular!disease!(1)!
933!(9.7)!
453!(8.1)!
Cerebral!vascular!incident!(1)!
1228!(12.7)!
753!(13.5)!
Pulmonary!disease!(1)!
4118!(42.8)!
732!(13.2)!
Diabetes!(1)!
955!(9.9)!
527!(9.5)!
Diabetes!complications!(2)!
556!(5.8)!
317!(5.7)!
Renal!disease!(2)!
493!(5.1)!
239!(4.3)!
Cancer!(2)!
1483!(15.4)!
711!(12.8)!
Metastatic!cancer!(3)!
245!(2.6)!
116!(2.1)!
Abbreviations:!CCI;!Charlson!
Comorbidity!Index!
Continuous!data!presented!as!median!(IQR)!and!categorical!data!presented!as!
!
!
number!(%)!
*!Weight!in!the!Charlson!Comorbidity!
Index!
!
!
! !

Dyspnea&
&
&n&=&9607&(6.8%)&
No!(%)!

!
!

!
!

!
639!(3.6)!
887!(5.0)!
1027!(5.8)!
3440!(19.3)!
1492!(8.4)!
1312!(7.4)!
730!(4.1)!
526!(3.0)!
1755!(9.9)!
240!(1.4)!

!
2805!(13.4)!
2416!(11.5)!
1780!(8.5)!
2349!(11.2)!
2416!(11.5)!
2066!(9.9)!
1175!(5.6)!
744!(3.6)!
2027!(9.7)!
193!(0.9)!

!

!
!
9886!(55.5)!
5387!(30.2)!
1713!(9.6)!
818!(4.6)!

!
!
10!650!(50.8)!
6823!(32.5)!
2381!(11.4)!
1091!(5.2)!

!

!
62!(37!G!77)!
9318!(52.3)!

!
64!(50!G!76)!
11!519!(55.0)!

!

!

!

!
897!(2.2)!
1474!(3.6)!
1449!(3.6)!
2986!(7.3)!
3011!(7.4)!
2009!(4.9)!
963!(2.4)!
742!(1.8)!
2797!(6.7)!
283!(0.7)!

!
!
28!578!(70.6)!
8785!(21.5)!
2439!(6.0)!
982!(2.4)!

!
52!(25!G!74)!
20!929!(51.3)!

Chest&pain&
Neurology&&
Accidents&&&trauma&
&
&
&
n&=&20&945&(14.7%)& n&=&17&804&(12.5%)& n&=&40&784&(28.7%)&
No!(%)!
No!(%)!
No!(%)!

Table&1.&Baseline&characteristics!!
Baseline!characteristics!for!medical!emergency!callers!included!in!the!analyses!(n!=!142!125).!Stratified!according!to!cause!of!medical!
emergency!call.!All!valid!cases.&

!

!

!

!
1524!(3.2)!
2210!(4.7)!
2370!(5.0)!
4201!(8.9)!
4144!(8.7)!
4545!(9.6)!
2512!(5.3)!
1405!(3.0)!
4316!(9.1)!
649!(1.4)!

!
!
29!044!(61.2)!
12!239!(25.8)!
3985!(8.4)!
2154!(4.5)!

!
52!(30!G!72)!
23!715!(50.0)!

&

Other&medical&
emergency&callers&
n&=&47&422&(33.4%)&
No!(%)!
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!

&

Abbreviations:!RR;!Relative!Risk!

Adjusted!RR!(95%!CI)!

Cumulative!mortality!rate!(95%!CI)!

Day&365&

Adjusted&RR&(95%&CI)&

Cumulative&mortality&rate&(95%&CI)&

Day&30&(primary&endpoint)&

Adjusted!RR!(95%!CI)!

Cumulative!mortality!rate!(95%!CI)!

1.0![Reference]!

!
27.7%!(26.7!–!28.7)!

1.0&[Reference]&

!

1.8!(1.7!G!1.9)!

!
54.7%!(53.4!–!56.1)!

3.6&(3.4&V&3.8)&

&
49.3%&(48.0&–&50.7)&

5.5!(5.1!G!5.9)!

1.0![Reference]!
&
12.3%&(11.7&–&13.0)&

!
47.1%!(45.8!–!48.1)!

9.1!(8.2!–!10.0)!

!
44.0%!(42.7!–!45.3)!

Unconscious/&
cardiac&arrest&
(n&=&5563)&

!
8.0%!(7.5!G!8.6)!

1.0![Reference]!

Adjusted!RR!(95%!CI)!

Day&7&

!
4.6%!(4.2!G!5.0)!

Cumulative!mortality!rate!(95%!CI)!

Day&1&

!!

Dyspnea&
&
&(n&=&9607)&

!

0.4!(0.4!G!0.5)!

!
8.5%!(8.1!G!9.0)!

0.3&(0.2&V&0.3)&

&
2.8%&(2.5&V&3.0)&

0.2!(0.2!G!0.3)!

!
1.7%!(1.6!G!1.9)!

0.2!(0.2!G!0.3)!

!
1.1%!(1.0!G!1.2)!

Chest&pain&
&
(n&=&20&945)&

!

0.7!(0.7!G!0.8)!

!
14.1%!(13.6!–!14.7)!

0.6&(0.6&V&0.7)&

&
6.0%&(5.6&V&6.3)&

0.6!(0.5!G!0.7)!

!
3.8%!(3.5!G!4.1)!

0.6!(0.5!G!0.7)!

!
2.2%!(1.9!G!2.4)!

Neurology&&
&
(n&=&17&804)&

!

0.5!(0.5!G!0.6)!

!
7.8%!(7.5!G!8.1)!

0.3&(0.3&V&0.3)&

&
2.3%&(2.2&V&2.5)&

0.2!(0.2!G!0.2)!

!
1.1%!(1.0!G!1.2)!

0.1!(0.1!G!0.2)!

!
0.5%!(0.4!G!0.6)!

Accidents&&&trauma&
&
(n&=&40&784)&

!

0.7!(0.7!G!0.7)!

9!

!
11.1%!(10.8!–!11.4)!

0.5&(0.5&V&0.6)&

&
4.4%&(4.2&V&4.6)&

0.5!(0.5!G!0.5)!

!
2.8%!(2.6!G!2.9)!

0.5!(0.5!G!0.6)!

!
1.7%!(1.6!G!1.9)!

Other&medical&
emergency&callers&
(n&=&47&422)&

Table&2.&Mortality&rates&in&groups&of&medical&emergency&callers!
Cumulative!mortality!rates!and!ageG,!sexG,!and!comorbidityGadjusted!relative!risks!of!death!according!to!cause!of!medical!emergency!call!using!patients!with!
dyspnea!as!reference!group!(n!=!142,125)!

10.&Papers&

60&

10.&Papers&

Table&3.&Mortality&rates&for&each&dispatch&criterion&&
Unadjusted*cumulative*mortality*rates*for*each*dispatch*criterion*under*each*major*cause*of*medical*emergency*call*
(n*=*142,125)*
Dispatch&criteria&
Dyspnea*

n&

Day&1&

Day&7&

Day&30&

Year&1&

3.*Foreign*body*in*airway*

*
353*

*
3.8%*(2.3*G*6.6)*

*
5.1%*(3.2*G*7.8)*

*
6.5%*(4.4*G*9.6)*

*
12.2%*(9.0*G*16.4)*

28.*Breathing*difficulties*

9254*

4.6%*(*4.2*G*5.1)*

8.1%*(7.6*G*8.7)*

12.5%*(11.9*G*13.3)*

28.3%*(27.3*G29.3)*

1.*Unresponsive*adult*

*
5130*

*
43.3%*(42.0*G*44.7)*

*
46.7%*(45.4*G*48.1)*

*
49.1*(47.8*G*50.5)*

*
54.9%*(53.5*G*56.3)*

2.*Unresponsive*child*

186*

6.5%*(3.7*G*11.1)*

6.5%*(3.7*G*11.1)*

6.5%*(3.7*G*11.1)*

7.2%*(4.2*G*12.1)*

25.*Possible*death*/*Sudden*infant*Death*

247*

85.4%*(80.7*G*89.5)*

86.2%*(81.6*G*90.1)*

86.2%*(81.6*G*90.1)*

87.0*(82.5*G*90.9)*

*
20*945*

*
1.1%*(1.0*G*1.2)*

*
1.7%*(1.6*G*1.9)*

*
2.8%*(2.5*G*3.0)*

*
8.5%*(8.1*G*9.0)*

19.*Headache*

*
828*

*
1.5%*(0.8*G*2.5)*

*
2.2%*(1.4*G*3.4)*

*
2.4%*(1.6*G*3.7)*

*
5.5%*(4.1*G*7.4)*

23.*Seizures*

5905*

0.5%*(0.3*G*0.7)*

0.9%*(0.7*G*1.2)*

1.6%*(1.3*G*2.0)*

5.7%*(5.1*G*6.4)*

11*071*

3.1%*(2.8*G*3.4)*

5.5%*(5.1*G*5.9)*

8.6%*(8.1*G*9.1)*

19.3%*(18.5*G*20.1)*

Unconcscious/cardiac*arrest*

Chest*pain*
10.*Chest*pain*G*suspected*heart*disease*
Neurology*

26.*Impaired*consciousness*G*paralyses*
Accidents*&*Trauma*

1**

*
0.0%*

*
0.0%*

*
0.0%*

*
0.0%*

9.*Fire*or*electical*injury*

653*

1.5%*(0.8*G*2.8)*

1.7%*(0.9*G*3.0)*

2.3%*(1.4*G*3.8)*

4.6%*(3.2*G*6.8)*

12.*Drowning*

60*

20.0%*(11.9*G*32.5)*

23.3%*(14.5*G*36.2)*

23.3%*(14.5*G*36.2)*

23.3%*(14.5*G*36.2)*

13.*Diving*accident*

13*

15.4%*(4.1*G*48.8)*

15.4%*(4.1*G*48.8)*

15.4%*(4.1*G*48.8)*

15.4%*(4.1*G*48.8)*

15*437*

0.1%*(0.1*G*0.2)*

1.1%*(1.0*G*1.3)*

3.0%*(2.8*G*3.3)*

11.0%*(10.5G11.6)*

4.*Large*scale*accident*

31.*Minor*bruises,*fractures*and*wounds*
32.*Traffic*accident*

7574*

0.7%*(0.6*G*0.9)*

0.9%*(0.7.*G*1.1)*

1.0%*(0.8*G*1.2)*

1.9%*(1.6*G*2.3)*

15*860*

0.6%*(0.5*G*0.7)*

1.1%*(1.0*G*1.3)*

2.3%*(2.1*G*2.5)*

7.9%*(7.4*G*8.4)*

1186*

0.6%*(0.3*G*1.2)*

0.7%*(0.3*G*1.3)*

0.9%*(0.5*G*1.7)*

1.9%*(1.2*G*2.9)*

6.*Unclear*problem*

*
21*952*

*
2.5%*(2.3*G*2.7)*

*
4.0%*(3.7*G*4.2)*

*
6.4%*(6.0*G*6.7)*

*
15.1%*(14.6G15.6)*

7.*Allergic*reaction*

1624*

0.1%*(0.0*G*0.4)*

0.1%*(0.0*G*0.5)*

0.4%*(0.2*G*0.8)*

2.6%*(1.8*G*3.7)*

8.*NonGtraumatic*bleeding*

2739*

2.4%*(1.9*G*3.1)*

4.3%*(3.6*G*5.1)*

6.9%*(6.1*G*8.0)*

18.6%*(17.1*G*20.3)*

11.*Diabetes*

2047*

1.2%*(0.8*G*1.7)*

2.4%*(1.8*G*3.2)*

3.9%*(3.1*G*4.8)*

12.4%*(10.9G14.1)*

14.*Animal*and*insect*bites*

124*

0.0%*

0.0%*

0.0%*

0.8%*(0.1*G*5.8)*

15.*Fever*

407*

1.0%*(0.4*G*2.6)*

2.5%*(1.3*G*4.5)*

3.4%*(2.1*G*5.7)*

13.4%*(10.1G17.6)*

16.*Poisoning*in*children*

46*

2.2%*(0.3*G*14)*

2.2%*(0.3*G*14)*

2.2%*(0.3*G*14)*

2.2%*(0.3*G*14)*

17.*Birth*

262*

0.0%*

0.0%*

0.0%*

0.0%*

18.*Gynecology,*pregnancy*

872*

0.1%*(0.0*G*0.8)*

0.2%*(0.1G0.9)*

0.3%*(0.1*G*1.1)*

1.7%*(1.0*G3.0)*

33.*Accidents*
35.*Violence,*abuse*
Other*emergency*medical*callers**

20.*Skin*and*rash*

22*

0.0%*

4.6%*(0.7*G*28)*

4.6%*(0.7*G*28)*

4.6%*(0.7*G*28)*

21.*HypoG*and*hyperthermia*

129*

2.3%*(0.8*G*7.0)*

3.1%*(1.2*G*8.1)*

3.9%*(1.6*G*9.1)*

11.7%*(6.6*G*20.2)*

22.*Chemicals*and*gasses*

107*

0.0%*

0.0%*

0.0%*

0.9%*(0.1*G*6.5)*

24.**Stomach*or*back*pain*

6467*

1.1%*(0.9*G*1.4)*

1.9%*(1.6*G*2.3)*

3.3%*(2.9*G*3.7)*

8.2%*(7.5*G*8.9)*

27.*Psychiatry*G*suicide*

1781*

4.6%*(3.7*G5.7)*

4.8%*(3.9*G*5.9)*

5.2%*(4.3*G*6.4)*

7.8%*(6.6*G*9.2)*

29.*Alcohol,*intoxication,*overdose*

6361*

0.3%*(0.2*G*0.4)*

0.4%*(0.3*G*0.6)*

0.9%*(0.7*G*1.1)*

3.4%*(3.0*G*4.0)*

30.*Sick*child*

1104*

0.2%*(0.1*G*0.7)*

0.2%*(0.1*G*0.7)*

0.3%*(0.1*G*0.8)*

1.0%*(0.5*G*1.8)*

34.*Urinary*system*

568*

0.5%*(0.2*G*1.6)*

1.6%*(0.8*G*3.0)*

3.4%*(2.2*G*5.2)*

15.9%*(12.8*G*19.7)*

36.*Ear,*nose,*and*throat*

599*

0.3%*(0.1*G*1.3)*

0.7%*(0.3*G*1.8)*

1.3%*(0.7*G*2.7)*

9.3%*(7.0*G*12.3)*

37.*Eye*

211*

0.0%*

0.0%*

0.0%*

2.2%*(0.7*G*7.2)*

*

*

*

*Category*5*G*Ordered*by*health*personnel*was*excluded*a*priori*

&

!
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!

Abbreviations:!RR;!Relative!Risk!

Adjusted!RR!(95%!CI)!

Cumulative!mortality!rate!(95%!CI)!

Day&365&

Adjusted&RR&(95%&CI)&

Cumulative&mortality&rate&(95%&CI)&

Day&30&

Cumulative!mortality!rate!(95%!CI)!
Adjusted!RR!(95%!CI)!

!

1.1!(1.0!1!1.2)!

1.0![Reference]!
!

!
39.9%!(36.0!–!44.0)!

0.8&(0.6&–&1.0)&

&
16.6%&(14.0&–&19.7)&

!
10.7%!(8.6!–!13.3)!
0.8!(0.6!–!1.0)!

1.0!(0.7!1!1.4)!

!
7.1%!(5.4!1!9.3)!

Heart&disease&only&
&
(n&=&674)&
!!

!
22.3%!(21.1!–!23.6)!

1.0&[Reference]&

&
12.1%&(11.2&–&13.0)&

!
8.3%!(7.6!1!9.1)!
1.0![Reference]!

1.0![Reference]!

Adjusted!RR!(95%!CI)!

Day&7&

!
4.7%!(4.2!1!5.4)!

Cumulative!mortality!rate!(95%!CI)!

Day&1&

!!
Mortality&

Neither&heart&nor&lung&
disease&
(n&=&4815)&
!!

!

1.0!(0.9!1!1.1)!

!
27.6%!(25.9!–!29.4)!

0.8&(0.7&T&0.9)&

&
10.7%&(9.7&–&11.8)&

!
6.5%!(5.7!1!7.4)!
0.7!(0.6!1!0.9)!

0.8!(0.6!1!1.0)!

!
3.4%!(2.9!1!4.2)!

Lung&disease&only&
&
(n&=&3107)&
!!

!

1.2!(1.1!1!1.4)!

!
44.3%!(41.0!–!47.7)!

0.8&(0.7&T&0.9)&

&
15.7%&(13.6&–&18.1)&

!
9.4%!(7.8!–!11.4)!
0.7!(0.6!1!0.9)!

0.8!(0.6!1!1.1)!

!
5.8%!(4.6!17.5)!

Both&heart&and&lung&disease&
&
(n&=&1101)&
!!

Table&4.&Mortality&rates&in&dyspneic&patients!
Cumulative!mortality!rate!and!age1!and!sex1adjusted!relative!risk!of!mortality!in!patients!with!dyspnea!according!to!preexisting!heart!and!lung!
disease!using!patients!without!previous!heart!or!lung!disease!as!reference!group!(n!=!9607)!
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Abstract
Aims: To examine whether addition of brain natriuretic peptide measurement to the routine diagnostic work-up by prehospital critical care team
physician improves triage in patients with severe dyspnoea.
Methods and results: ClinicalTrials.gov identifier NCT02050282. Prehospital critical care team physicians randomized 747 patients >18 years
with severe dyspnoea to routine diagnostic work-up or diagnostic work up with incorporated point-of-care N-terminal pro-Brain Natriuretic
Peptide (NT-proBNP) measurement. The primary endpoint was the proportion of patients suffering dyspnoea of cardiac origin triaged directly to a
department of cardiology. A total of 711 patients consented to participate, 350 were randomized to the NT-proBNP group and 361 to the routine
work-up group. A statistically non-significantly higher proportion of patients suffering dyspnoea of cardiac origin were triaged directly to a
department of cardiology in the NT-proBNP group than in the routine work-up group (75 % vs. 69 %, p = 0.22). No differences in hospital length
of stay, intensive care unit admission rates or mortality were observed. We observed increased negative predictive value for heart disease (87% vs.
75%, p = 0.010) and increased positive predictive value for lung disease (74% vs. 60%, p = 0.032) in the NT-proBNP group.
Conclusion: Supplementary point-of-care measurement of NT-proBNP in patients suffering severe dyspnoea did not improve triage or patient
outcome, but improved rule-out of heart disease and rule-in of lung disease. Our results encourage further research evaluating the impact of
prehospital biomarker panel measurement or other point-of-care diagnostics on early management of patients suffering dyspnoea.
Keywords: dyspnoea; heart failure; brain natriuretic peptide; decision-making; emergency medical services; randomized controlled trial
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INTRODUCTION
Dyspnoea in patients requiring prehospital emergency
medical services is associated with high mortality.1, 2
Patients with dyspnoea in the ambulance suffer from a
variety of cardiac and non-cardiac diseases, including
acute heart failure.1 Diagnostic ambiguity and delayed
diagnostics give rise to longer hospital length of stay
and increased morbidity and mortality in dyspneic
patients.3
Early correct treatment improves outcome in acute
heart failure.4 The 2016 European Society of
Cardiology (ESC) guideline for the diagnosis and
treatment of acute and chronic heart failure states that
the diagnostic process for patients with suspected acute
heart failure should be initiated in the prehospital
phase, and patients should preferable be transferred
directly to specialized cardiac care.5 This is
challenging, because heart and lung disease frequently
coexist.6, 7 Consequently, prehospital decision-making
not only needs to identify patients with untainted heart
failure but also to establish the most prevailing disorder
that causes dyspnoea in the individual patient at the
time of the specific event.
Observational studies suggest that point-of-care (POC)
measurement of N-terminal pro-Brain Natriuretic
Peptide (NT-proBNP) is feasible and improves
differentiation between cardiac and non-cardiac causes
of dyspnoea in the ambulance.8, 9 It is unsettled if this
translates into improved management and patient
ouctome.10 Recent ESC recommendations on
prehospital and early management of acute heart failure
underline a knowledge gap in the use of biomarkers in
risk stratification and treatment guidance.11 The
primary objective of this study was to examine whether
the addition of POC NT-proBNP measurement to
routine diagnostic work-up by prehospital physicians
improves triage of patients with cardiac dyspnoea
directly to department of cardiology. Secondarily, we
examined whether POC NT-proBNP measurement was
associated with treatment choice, intensive care unit
admission rates, hospital length-of-stay, mortality or
diagnostic performance.
METHODS
Trial oversight
The PreBNP trial (ClinicalTrials.gov identifier
NCT02050282) was a multicentre, single-blinded,
randomized, and controlled study conducted by nine
prehospital critical care teams from 5th of February
2014 to 16th of July 2015 in the Central Denmark
Region. Prehospital critical care team physicians (all
anaesthesiologists) included patients for the study. The
Central Denmark Region Committee on Biomedical
and Research Ethics approved the study as an
emergency research project (approval nr 1-10-72-31713), allowing us to include patients prior to informed

consent. Subsequent oral and written informed consent
was obtained from all participants or next of kin by one
of ten PreBNP investigators. The study complied with
the Declaration of Helsinki.
Patients
We included patients ≥ 18 years requiring dispatch of
physician staffed prehospital critical care team because
of severe dyspnoea in the Central Denmark Region on
first encounter. Inclusion criteria are listed in Figure 1.
There were no exclusion criteria.
Pa#ent'experienced.dyspnoea.+.at.least.one.of.the.following:.
•
Respira(on+frequency+<+8+or+>+20+
•
Satura(on+<+96+without+supplementary+oxygen+
•
Heart+rate+<+50+or+>100+
•
Systolic+blood+pressure+<+100+or+>+200+
•
Diﬃculty+talking+
•
Central+or+peripheral+cyanosis+
•
Use+of+accessory+muscles+of+respira(on+
•
Glasgow+coma+score+<+15+

Figure 1 – Inclusion criteria

Routine diagnostic work-up
All patients underwent a short clinical assessment by
the physician including medical history, physical
examination and measurement of respiratory rate, pulse
oximetry, blood pressure, electrocardiographic
monitoring and most often acquisition of a 12-lead
ECG. In all patients, a 5.5 mL blood sample was drawn
from the peripheral venous catheter that is routinely
inserted. In suspected myocardial infarction, an ECG
was telemedically transferred to a department of
cardiology to facilitate triage of patients suffering STElevation Myocardial Infarction (STEMI) directly to
percutaneous coronary intervention at the single
invasive heart centre in the region. With concomitant
chest pain and ambiguous ECG findings, POC
troponin-T was measured to facilitate diagnosis of
patients with non-ST-Elevation Myocardial Infarction
(NSTEMI) and triage of these patients directly to one
of six departments of cardiology.
Randomization and intervention
Patients were randomized according to a computergenerated randomization scheme in a 1:1 ratio without
stratification to one of two strategies 1) routine
diagnostic work-up 2) routine diagnostic work-up and
supplementary POC NT-proBNP measurement. In
patients randomized to the NT-proBNP group, 150 µL
blood was analysed immediately using handheld Roche
COBAS h232 device and the Roche Cardiac proBNP
assay (Roche Diagnostics, GmBH, Mannheim,
Germany). The remaining blood was stored in a
biobank.
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We educated the 160 physicians in study design and
NT-proBNP interpretation by a one-hour educational
session followed by access to a 10-minute online
instruction video (all physicians were obligated to view
this at least once). All physicians carried a pocketsize
study-instruction including pitfalls of NT-proBNP
interpretation and a scheme of rule-in and rule-out cutpoints based on a previous study by Januzzi et al.12
Physicians did not make decisions on neither triage nor
treatment based strictly on NT-proBNP cut-points, but
based on a complete patient assessment. Triage directly
to a department of cardiology was done based on
telephone contact to an on-call cardiologist at the
relevant department.
Outcome measures
The primary endpoint was the proportion of patients
suffering dyspnoea of cardiac origin triaged directly to
a department of cardiology. The secondary end points
were 1) the proportion of patients with dyspnoea from
non-cardiac causes triaged directly to a department of
cardiology 2) the proportion of patients with a correct
prehospital diagnosis of acute heart failure in the
ambulance and the proportion of patients, in whom
acute heart failure was correctly disproven in the
ambulance (these endpoints was included after
initiation of the study and inclusion of 115 patients on
April 22, 2014 based on feedback from a funding
application) 3) the proportion of patients suffering
cardiac dyspnoea given pulmonary medication in the
ambulance 4) length of hospital stay (index admission,
within 3 months), need of ICU treatment (index
admission), all-cause re-hospitalization rate (within 3
months) and all-cause 30-day mortality.
The physicians registered all pre-hospital patient data.
We obtained data on mortality, length of hospital stay,
intensive care unit admissions and re-admissions from
the Danish Civil Registration System and the Danish
National Patient Registry. An endpoint adjudication
committee determined the primary cause of dyspnoea
in each patient and adjudicated whether or not patients
fulfilled predefined criteria for acute myocardial
infarction, acute heart failure (any, not only as primary
cause), pneumonia and/or sepsis. Details on datacollection, management of missing data and endpoint
adjudication are provided in the Supplementary
appendix.

Statistical analysis
Primary study results were analysed according to an
intention-to-treat approach. Chi-square test was used to
compare categorical data. T-test or Wilcoxon ranked
sum test was used to compare continuous data.
Diagnostic performance of the physician assessment
for each cause of dyspnoea was described by
sensitivity, specificity, negative predictive value and
positive predictive value. Analyses were performed in
STATA13 (StataCorp LP, College Station, Texas).
Based on preliminary data, we assumed that 14 % of
the included patients would suffer from dyspnoea of
cardiac origin. Assuming that the proportion of patients
initially admitted to a department of cardiology could
be increased from 30% to 60%, our study required 350
patients in each group with and Alfa = 0.05 and a 1beta = 0.80.
We performed a sensitivity analysis according to the de
facto intervention dividing patients into intervention
and control group based on whether NT-proBNP was
actually measured or not.
RESULTS
Patient characteristics
The 160 prehospital critical care team physicians were
dispatched to 2508 patients suffering from dyspnoea
during the study period, 142 physicians included 747
patients and 711 of these patients were included into
the final analyses (Figure 2). Table 1 shows baseline
characteristics for the 350 patients randomized to
supplementary NT-proBNP measurement and the 361
patients randomized to routine diagnostic work-up.
NT-proBNP was measured in 90% (315/350) of
patients in the NT-proBNP group and in 19% (70/360)
of patients in the routine work-up group
(randomization breaches). In the NT-proBNP group,
NT-proBNP was not measured due to equipment
failure in 25 patients, because of insufficient blood
sampling in 5 patients, and randomization was broken
in 5 patients. A 12-lead ECG was obtained in 89%
(297/333) in the NT-proBNP group and in 92%
(320/349) in the routine work-up group. POC troponinT was measured in 41% (144/350) in the NT-proBNP
group and in 49% (176/361) in the routine work-up
group.
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Figure'2'–'Consort flow diagram of participants included in the study
Decision-making and patient outcome
Regarding the primary endpoint, a higher proportion of
patients with dyspnoea of cardiac origin were triaged
directly to department of cardiology in the NT-proBNP
group than in the routine work-up group (Table 2), but
the difference was not statistically significant. We
observed no statistically significant differences in the
proportion of patients suffering dyspnoea of noncardiac causes triaged to department of cardiology, in
the proportion of patients suffering dyspnoea of cardiac
origin disease receiving pulmonary medication or in
any of the patient outcome variables, including hospital
length of stay.
Diagnostic performance
In the NT-proBNP group, data on the primary cause of
dyspnoea suspected by the prehospital physicians was
missing in 12% (42/350) of patients Among nonmissing cases, the physicians suspected the primary
cause of dyspnoea to be heart disease in 50% (154/308)
lung disease in 38% (117/308), and other disease in
12% (37/308). In the routine work up group, data on
suspected primary cause of dyspnoea was missing in
14% (52/361) of patients. Among non-missing cases,
heart disease was suspected in 50% (156/309) of
patients, lung disease in 37% (114/309), and other
disease in 15% (39/309). Results of the endpointcommittee adjudicated causes of dyspnoea are
presented in Table 3.
Table 4 shows diagnostic performance for the overall
diagnostic work-up for each disease category with and
without supplementary NT-proBNP measurement

compared to the adjudicated primary cause of
dyspnoea.
Sensitivity analyses
When data were analysed according to the de facto
intervention, i.e. according to actually measured NTproBNP, there were no significant differences in triage,
treatment or patient outcome (see Supplementary
appendix). A higher proportion of patients were
correctly diagnosed with heart failure as the primary
cause of dyspnoea than in the intention-to-treat
analysis, but this did not reach statistical significance.
A considerable change in baseline characteristics in
this analysis was evident – most obviously patients
suffering ischemic heart disease was moved from the
routine work-up group to the NT-proBNP group.
DISCUSSION
This randomized controlled trial examined the effect of
POC NT-proBNP measurement as a supplement to
routine work-up by prehospital critical care team
physician in patients suffering severe dyspnoea.
Addition of prehospital NT-proBNP measurement did
not improve triage of patients with dyspnoea of cardiac
cause directly to department of cardiology and did not
significantly improve treatment or patient outcome. We
observed improved rule-out of heart disease and rule-in
of lung disease as the primary cause of dyspnoea.
Strengths and limitations
Strengths of this study include a randomized,
controlled design, enrolment of unselected patients
suffering dyspnoea, a systematic educational effort
before initiation of the study and inclusion of patients
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by a high number of properly educated physicians. This
resembles real life and strengthens the external
validity. In addition, consistency in findings on all prespecified endpoints across the intention-to-treat
analysis and analysis according to de facto intervention
strengthen the validity of the study.
In 70 patients randomized to routine diagnostic workup, NT-proBNP was eventually measured, introducing
a bias that may have reduced the effect of NT-proBNP
measurement. Our analysis according to the de facto
intervention, i.e. dividing patients into groups
according to whether NT-proBNP was actually
measured or not, did not change the results. The
endpoint committee assessed the cause of dyspnoea by
evaluation of all available in-hospital information
blinded to randomization group and NT-proBNP
results. However, the result of the prehospital work-up
was not blinded to in-hospital staff. In some cases,
findings from the prehospital diagnostic work-up were
evident from in-hospital patient files. In addition,
prehospital NT-proBNP measurement may have
affected the in-hospital work-up and ultimately the
endpoint adjudication. Any bias arising from this
would favour prehospital NT-proBNP measurement.
The premises for the study were not in keeping with
the power calculation, which was based on yet
unpublished data and a sample of 100 patients from a
previous study1. The proportion of patients suffering
dyspnoea of cardiac origin was significantly higher
than anticipated, but so was the proportion triaged
directly to department of cardiology. Though the
inclusion criterion was unselected patients with severe
dyspnoea, the patients enrolled seem to be a selected
group with an a priori high prevalence of heart disease
compared to our expectations. Selective dispatch of
physician staffed critical care units and selective
patient inclusion may have contributed to this. In
addition, the study may have induced a general change
in triage of patients suffering cardiac dyspnoea.
Assuming that the findings of this study represent a
true improvement in proportions of patients suffering
dyspnoea of cardiac origin triaged directly to
department of cardiology (75% vs. 69%), it is hardly
clinically significant.
Comparison to other studies and generalizability
The impact of adding POC measurement of brain
natriuretic peptides to routine diagnostic work-up by
physicians in the prehospital setting has not previously
been studied in any randomized controlled trial. Two
observational studies have compared supplementary
measurement of brain natriuretic peptides to clinical
assessment alone in the prehospital setting and
demonstrated an added beneficial effect.8, 9 Five
randomized controlled studies have compared
supplementary use of brain natriuretic peptides to
routine diagnostic work-up in an emergency
department setting. 13-17 Brain natriuretic peptide

measurement yielded no improvement in patient
outcome in these studies. The initial three studies
demonstrated a shortened hospital length of stay,13-15
while the two latest did not.16, 17 Two meta-analyses
provide evidence of a small effect on shortened
hospital length of stay of approximately one day.18, 19
In the emergency department studies, routine work-up
included chest x-ray and routine blood samples but less
specific biomarker cut-points to rule-in heart failure
than used in the present study.12 In addition, a
prehospital diagnostic work-up is limited by time and
lack of diagnostic equipment compared to an inhospital work-up. Consequently, we expected a higher
impact of NT-proBNP measurement in this setting than
we observed.
We believe that our results are generalizable to
prehospital settings including a physician as part of the
primary response.
Interpretation
In the present study, we observed an improved
diagnostic performance with supplementary NTproBNP measurement compared to the routine work-up
group. However, we were unable to demonstrate a
translation into improved decision-making or patient
outcome. Albeit statistically non-significantly, we
observed a higher probability of being adjudicated to
acute congestive heart failure by NT-proBNP
measurement. As in the present study, none of the
previously conducted randomised controlled studies
have blinded the following hospital staff to the initial
assessment influenced by biomarker measurement.
This introduces a possible bias in favour of the
biomarker and may explain that the improvement in
diagnostic performance in both the present and in the
previously conducted randomized controlled trials does
not consistently translate into significant improvement
in management and patient outcome. The results
indicate that any effect of supplementary NT-proBNP
measurement beyond physician based clinical
judgement is marginal in a setting with other wellestablished prehospital diagnostics.
NT-proBNP is known to be elevated with chronic renal
failure, acute coronary syndrome, pulmonary
hypertension and a variety of other diseases.20-24 The
emergency department randomized controlled studies
excluded patients with severe renal disease.13-17 This is
rarely an option in the prehospital setting. The majority
of the emergency department studies also included
patients with much more pre-existing heart disease than
the present study.13, 14, 16, 17 To reflect a real world
scenario, our inclusion criteria were unselected
consecutive all-comer patients suffering severe
dyspnoea and there were no exclusion criteria. This
rendered a population that were elder than in previous
studies including emergency department patients.13-17
In this population, the value of supplementing a routine
diagnostic work-up with brain natriuretic peptides
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seems to lie in rule-out of acute heart failure rather than
rule in.
In the present study, we observed a large proportion of
dyspnoeic patients suffering from sepsis. High NTproBNP values in patients suffering sepsis have
previously been observed.25 Application of biomarkers
for decision-making in patients suffering acute
dyspnoea may thus require involvement of multiple
biomarkers combined in panels to rule-in or rule-out
different relevant conditions. Results from a recent
observational study suggest that combining a heart
failure biomarker with a biomarker for infection may
provide a better discrimination into cardiac and noncardiac causes of dyspnoea.26 Other studies suggest the
use of quantitative capnometry or focused
ultrasonography – either as stand-alone procedures or
in combination with biomarkers.8, 27, 28
In conclusion, supplementing the routine diagnostic
work-up with POC NT-proBNP in patients with severe
dyspnoea did not translate into an improved triage,
treatment or patient outcome in a physician based
prehospital setting. However, improved rule-out of
heart disease and rule-in of lung disease was observed.
Our results encourage further research evaluating the
impact of prehospital biomarker panel measurement or
other point-of-care diagnostics on early management of
patients suffering dyspnoea.
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Tables'
'
Table'1!"!Baseline!characteristics!of!trial!patients!

Characteristic'

NT0proBNP''
group'
(n'='350)'

Age,!years!

75!(66"82)!

Male!sex!

54!(189/350)!

!!

!!
Routine'work0up'
group'
(n'='361)'

!
!

74!(64"82)!
60!(218/361)!

!

Comorbidities!
!
16!(56/350)!

!

!
16!(58/360)!

Ischemic!heart!disease!

36!(125/350)!

!

38!(138/360)!

Atrial!fibrillation!

23!(80/350)!

!

24!(88/360)!

Other!heart!disease!

21!(73/350)!

!

20!(72/360)!

COPD/Asthma!

37!(129/350)!

!

33!(120/361)!

Other!lung!disease!

5.4!(19/350)!

!

4.7!(17360)!

Chronic!renal!failure!

14!(49/350)!

!

15!(55/360)!

Any!cancer!

15!(53/347)!

!

15!(53/355)!

Stroke!

11!(40/350)!

!

10!(36/360)!

Anaemia!

13!(45/350)!

!

14!(52/360)!

Chronic!heart!failure!

!

Medication!
!
38!(132/345)!

!

!
35!(126/357)!

Beta"blocker!

44!(151/346)!

!

35!(126/356)!

Any!diuretic!

45!(156/345)!

!

44!(156/355)!

Digoxin!

6.1!(21/342)!

!

4.5!(16/355)!

Anticoagulant!

20!(70/344)!

!

20!(72/356)!

Any!antiplatelet!

45!(158/350)!

!

43!(157/361)!

B"agonist/anticholinergic!inhalation!

37!(129/346)!

!

35!(125/356)!

Corticosteroid!inhalation!

28!(96/346)!

!

25!(89/356)!

Systemic!corticosteroid!

9.9!(34/343)!

!

11!(39/356)!

ACE!inhibitor/ATII"antagonist!

!

Risk!factors!
!
41!(144/349)!

!

Diabetes!

17!(59/350)!

!

17!(62/359)!

Tobacco!use,!ever!smoker!

73!(249/350)!

!

82!(287/352)!

Arterial!hypertension!

!
41!(148/356)!

!

Clinical!findings!in!the!ambulance!
!
24!(20"30)!

!

!
24!(20"30)!

Heart!rate,!mean!(SD)!

101!(±26)!

!

101!(±25)!

Systolic!blood!pressure,!mean!(SD)!

154!(±34)!

!

148!(±32)!
94!(88"97)!

Respiration!rate,!median!(IQR)!

93!(87"97)!

!

Glasgow!coma!score!<!15!

9.7!(33/341)!

!

7.2!(25/349)!

Killip!classification!>!1!

29!(91/317)!

!!!

28!(90/322)!

Peripheral!oxygen!saturation,!median!(IQR)!

Abbreviations:!COPD;!Chronic!obstructive!pulmonary!disease,!ACE;!Angiotensin!converting!enzyme,!ATII:!
angiotensin"II,!SD;!standard!deviation,!IQR:!interquartile!range!!
Categorical!data!presented!as!percentage!(n/valid!cases)!
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Table'2!"!Results!on!decision"making!and!patient!outcome!
NT0proBNP''
group'
(n'='350)'

!!

!!

!
Routine'work0up'
group'
(n'='361)'

Valid!
cases!

!

!

!!

!!

Valid!
cases!

p!value!

Decision0making'
Patients!with!dyspnea!of!cardiac!origin!
triaged!to!department!of!cardiology!(primary!
endpoint)*!

75!(107/143)!

339!

69!(118/172)!

350!

0.22!

Patients!with!dyspnea!of!non"cardiac!origin!
triaged!to!department!of!cardiology*!

28!(58/207)!

339!

33!(62/189)!

350!

0.30!

Patients!with!dyspnea!of!cardiac!origin!receiving!
pulmonary!medication*§!

21!(30/143)!

331!

23!(40/172)!

343!

0.62!

Patients!not!admitted!to!hospital!

1.4!(5/350)!

350!

1.4!(5/361)!

361!

0.96!

!
Patient'outcome'

!

!

!

!

!

30"day!mortality!

!
9.1!(32/350)!

!
350!

!
8.0!(29/361)!

!
361!

!
0.59!

Intensive!care!unit!admission!rate!

14!(49/350)!

350!

11!(40/361)!

361!

0.24!

4!(2"7)!

350!

3!(2"7)!

361!

0.93!

42!(148/350)!

350!

40!(145/361)!

361!

0.57!

Hospital!length!of!stay,!days,!median!(IQR)!
Readmission!within!3!months!

!

!

Abbreviations:!IQR:!interquartile!range!
Categorical!data!presented!as!percentage!(n/total)!
*In!11!(3.1%)!patients!in!the!NT"proBNP!group!and!11!(3.1%)!in!the!routine!work"up!group,!it!was!not!possible!to!determine!the!primary!cause!of!
dyspnoea!
§Pulmonary!medication!included!β"agonist!inhalation,!anticholinergic!inhalation!and/or!intravenous!corticosteroids!

!

!
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Table'3!"!Results!of!the!endpoint!adjudication!of!primary!cause!of!dyspnea!and!
specific!diagnoses!

!!

NT0proBNP''
group'
(n'='350)'

''

Routine'work0up''
group'
(n=361)'

!
42!(143/339)!

!

!
49!(172/350)!

Primary'cause'of'dyspnea*'
Heart!disease!

23&(78/334)&

!

20&(69/348)&

Lung!disease!

35!(118/339)!

&

30!(104/350)!

Other!cause!

23!(78/339)!

!

21!(74/350)!

Acute&heart&faliure&

!

!
Specific'diagnoses'

!

!

!

!
12!(40/347)!

!

!
14!(51/359)!

STEMI!

1.4!(5/347)!

!

2.2!(8/359)!

NSTEMI!

10!(35/347)!

!

12!(43/359)!

Any!acute!heart!failure!

30!(105/348)!

!

25!(90/360)!

Pneumonia!

19!(65/349)!

!

15!(55/358)!
16!(59/360)!

Acute!myocardial!infarction!

21!(74/349)!

!

Severe!sepsis!

7.4!(26/349)!

!

5.6!(20/360)!

Septick!shock!

2.6!(9/349)!

!!!

2.8!(10/360)!

Sepsis!

Abbreviations:!STEMI;!ST"Elevation!Myocardial!Infarction,!NSTEMI;!Non"ST"Elevation!Myocardial!
Infarction,!COPD;!Chronic!obstructive!pulmonary!disease!
All!data!presented!as!percentage!(n/total)!
*In!11!(3.1%)!patients!in!the!NT"proBNP!group!and!11!(3.1%)!in!the!routine!work"up!group,!it!was!not!
possible!to!determine!the!primary!cause!of!dyspnea.!In!16!(4.6%)!patients!in!the!NT"proBNP!group!and!in!
13!(3.6%)!in!the!routine!work"up!group,!it!was!not!possible!to!determine,!if!the!primary!cause!was!acute!
congestive!heart!failure,!only!that!it!was!heart!disease.!
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94%!
(223/227)!

34%!
(22/65)!

Other&

!

61%!
(22/36)!

74%§!!
(86/117)!

54%,
(49/91),

71%!
(106/149)!

PPV!
(95%!CI)!

84%!
(223/266)!

87%!
(160/185)!

91%,
(187/206),

!
87%#!
(133/153)!

NPV!
(95%!CI)!

Abbreviations:!CI;!Confidence!Interval,!PPV;!Positive!Predictive!Value,!NPV;!Negative!Predictive!Value!
*p!=!0.074!compared!to!routine!work"up!group!
§p!=!0.032!compared!to!routine!work"up!group!
#p!=!0.010!compared!to!routine!work"up!group!

84%!
(160/191)!

76%!!
(133/176)!

78%!
(86/111)!

!

Lung&

84%!*!
(106/126)!

Specificity!
(95%!CI)!

82%,,
(187/229),

!

Sensitivity!
(95%!CI)!

72%,,
(49/68),

Acute,heart,failure,

Heart&

!
Disease&

!

NT)proBNP&group&
(n&=&350)&

302!

302!

302!
297!

!

&
Valid!!
cases!
!

30%!
(19/63)!

74%!!
(68/92)!

65%,
(40/62),

75%!!
(110/146)!

Sensitivity!
(95%!CI)!
!

94%!
(224/238)!

79%!
(164/209)!

81%,
(193/238),

71%!!
(110/155)!

Specificity!
(95%!CI)!
!

58%!
(19/33)!

60%!
(68/113)!

47%,
(40/85),

71%!
(110/155)!

PPV!
(95%!CI)!

Routine&work)up&group&
(n&=&361)&

!

84%!
(224/268)!

87%!
(164/188)!

90%,
(193/215),

75%!
(110/146)!

NPV!
(95%!CI)!

Table&4!"!Diagnostic!performance!of!the!diagnostic!work"up!with!and!without!supplementary!NT"proBNP!measurement!in!relation!to!the!
primary!cause!of!dyspnea!

301!

301!

301!
300!

!

!
Valid!
cases!
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Appendix 1.1 – English translation of main dispatch criteria
01 Unconscious adult
02 Unconscious child
03 Foreign body in airway
04 Large scale accident
05 Ordered assignment (by health personnel)*
06 Unclear problem
07 Allergic reaction
08 Non-traumatic bleeding
09 Fire or electrical injury
10 Chest pain, suspected heart disease
11 Diabetes
12 Drowning
13 Diving accident
14 Animal and insect bites
15 Fever
16 Poisoning in children
17 Childbirth
18 Gynecology, pregnancy
19 Headache
20 Skin and rash
21 Hypo- and hyperthermia
22 Chemicals and gases
23 Seizures
24 Stomach or back pain
25 Possible death or Sudden Infant Death
26 Impaired consciousness - paralyses
27 Psychiatry – suicide
28 Breathing difficulties
29 Alcohol-intoxication-overdose
30 Sick child
31 Minor wounds, fractures and bruises
32 Traffic accident
33 Accident (not traffic related)
34 Urinary system
35 Violence, abuse
36 Ear, nose, throat
37 Eye
*Excluded a priori
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Appendix 1.2 – Grouping of main dispatch criteria into major causes of emergency call as
used in Study II*
Unconscious/cardiac arrest
01 Unconscious adult
02 Unconscious child
25 Possible death or Sudden Infant Death
Dyspnea
03 Foreign body in airway
28 Breathing difficulties
Chest pain
10 Chest pain, suspected heart disease
Neurology
19 Headache
23 Seizures
26 Impaired consciousness – paralyses
Accidents/trauma
04 Large scale accident
09 Fire or electrical injury
12 Drowning
13 Diving accident
31 Minor wounds, fractures and bruises
32 Traffic accident
33 Accident (not traffic related)
35 Violence, abuse
Other medical emergency callers
06 Unclear problem
07 Allergic reaction
08 Bleeding – non-traumatic
11 Diabetes
14 Animal and insect bites
15 Fever
16 Poisoning in children
17 Childbirth
18 Gynecology, pregnancy
20 Skin and rash
21 Hypo- and hyperthermia
22 Chemicals and gases
24 Stomach or back pain
27 Psychiatry – suicide
29 Alcohol-intoxication-overdose
30 Sick child
34 Urinary system
36 Ear, nose, and throat
37 Eye
*Dispatch criteria 5 was excluded a priori
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Appendix 2 – The ICD-10 code algorithm used in study I

1. All ICD10-codes (and ICD codes from previous ICD versions) were divided into four
categories – heart, lung, other and symptom diagnoses (categorized ICD-10 codes can be
obtained from the corresponding author)
2. The primary diagnosis relating to admission was primarily screened (any prehospital
diagnoses were omitted)
a. If this belonged to one of the categories heart, lung or other, the search was ended
and this diagnosis was regarded as final
3. If the primary diagnosis belonged to the category symptom diagnoses, secondary
diagnoses were screened
a. If one or more diagnoses within one and only one of the categories heart, lung and
other were identified, the first consecutive diagnosis of these diagnoses was
regarded as the final diagnosis
b. If diagnoses within more than one of these categories were identified, the case was
marked for manual selection of diagnoses
i. The primary investigator reviewed cases marked for manual search and
adjudicated a final diagnosis by choosing one of the secondary diagnoses.
An example is the combination of I10.9 Hypertensio arterialis essentialis and
I48.9B Atrial fibrillation. I489B Atrial Fibrillation was then chosen. Another
frequent encounter was the combination J18.9 Pneumonia and I489BB Atrial
Fibrillation. J18.9 Pneumonia was then chosen
4. If there were no secondary diagnoses or these belonged only to the category symptom
diagnoses, the next consecutive admission (in a line of admission following immediately
after each other) was screened according to 2-3. Admissions that started more than 30
days before the index event were omitted
a. If there were no admissions immediately following the initial one or if diagnoses only
belonged to the category symptom diagnoses, the search was ended and the final
diagnosis was regarded as symptom or “encounter for…” diagnosis and transferred
to the other category
5. This yielded adjudication into three final categories – heart, lung and other.
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Appendix 3 – ICD-10 diagnosis algorithm used in the post-hoc analysis of Study II
1. All ICD10-codes (and ICD codes from previous ICD versions) were divided into four
categories – heart, lung, other and symptom diagnoses (categorized ICD-10 codes can be
found obtained from the corresponding author)
2. The primary diagnosis relating to admission was screened (any prehospital diagnoses were
omitted)
a. If this belonged to one of the categories heart, lung or, other, the search was ended
and this diagnosis was regarded as final
3. If the primary diagnosis belonged to the category symptom diagnoses, consecutive
following hospital admissions (i.e. patient transferred to other department) were screened,
the search was ended and this diagnosis was regarded as final
4. This procedure was repeated for all consecutive admission admissions following the index
admission and if it was not possible to categorize the patient into either heart, lung or other,
it was registered as a symptom diagnosis and excluded from analysis
5. This yielded adjudication into three final categories – heart, lung and other

!
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Grænseværdi

> 900 pg/mL

> 1800 pg/mL

50–75 år

> 75 år

7846 7304
7842 3291
7842 6025

AUH, Tage Hansens Gade
Regionshospitalet Randers
Regionshospitalet Horsens
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Forskningsprojektet PreBNP er et samarbejde mellem
Forskningsafdelingen på Præhospitalet, Akutlægebilerne
i Region Midtjylland samt Center for Akutforskning og
Hjertemedicinsk Afdeling på Aarhus Universitetshospital.

Hvis der kommer svar på NTproBNP EFTER
patienten er indlagt: der omvisiteres, hvis
dette er relevant.

Hvis der er taget blodprøve og patienten ikke
indlægges: blodprøven kan evt. medbringes
ved næste sygehus-besøg. Går der over 4 timer
inden dette sker, ring til PreBNP vagttelefonen.

Særlige situationer

deres åndenød direkte til kardiologisk afdeling.
Ring IKKE

7841 8105

Præhospitalet
Oluf Palmes Allé 34
DK-8200 Aarhus N
Tlf. 7841 4848

Eller brug linket http://youtu.be/mScYx-cTYNU

Scan koden for at se
Instruktionsvideo.

Ved al anden kontakt/spørgsmål
PreBNP vagttelefon: 4030 2641
PreBNP e-mail: preBNP@rm.dk

Hjælp til randomisering
AMK-vagtcentralen, tlf: 70 113 112

kl. 7.30–23.30
kl. 23.30–07.30
køleskabet tømmes kl. 7.30

Regionshospitalet Silkeborg

Det primære endepunkt er om vi kan visitere
flere patienter med hjertesygdom som årsag til

7843 5666

7844 3404

7843 5555

Vagttid 14.50–07.30 og weekend
Regionshospitalet Viborg

7843 5512

Dagtid 07.30–14.50

Regionshospitalet Holstebro

< 300 pg/mL

7846 3052

AUH, Nørrebrogade

Regionshospitalet Herning

7845 5281

AUH, Brendstrupgårdsvej

Telefonnumre på vagthavende på
Klinisk Biokemisk Afdeling

Kontaktinformation

Hvad undersøger vi?

Alle aldersgrupper

Hjertesvigt meget usandsynligt

> 450 pg/mL

< 50 år

Hjertesvigt meget sandsynligt

Patientkategori

Vejledende fortolkning af NT-proBNP
Normalværdier for NT-proBNP er aldersafhængige

Præhospitalet
Aarhus Universitetshospital

1) Måling af NT-proBNP
2) Ingen måling af NT-proBNP

Patienter med åndenød,
som ses af akutlægebil
randomiseres til enten:

Version 2, Marts 2014

PreBNP

Forskningsprojektet

Personaleinformation
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Layout: Kommunikation, Aarhus Universitetshospital, MB1013GS
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• Alder < 18

Eksklusionskriterier

RF > 20 eller < 8
Sat < 96 uden ilt
HF > 100 eller < 50
SysBT < 100 eller > 200
Talebesvær
Central eller perifer cyanose
Brug af accessoriske respirationsmuskler
• Glasgow coma scale score < 15

•
•
•
•
•
•
•

Patienter med åndenød, som ses
af akutlægebil og som er akut
påvirkede i henhold til ét af nedenstående kriterier:

Inklusionskriterier

1

for Forskningsprojektet PreBNP

Procedure

Randomisering
foretages

Blodprøve
udtages

Se Vejledende fortolkning af
NT-proBNP (findes på næste
side)

Registerings ark følger lægen og lægges
sammen med patientjournalen

Hele blodprøven gemmes og afleveres i køleskab på
sygehuset

Vedr. samtykke:
Disse patienter med åndenød, som er akut
påvirkede og derfor ikke i stand til at give
informeret samtykke kan inkluderes uden
forudgående samtykke. Samtykke vil blive
indhentet efterfølgende.

Blodprøven følger patienten og afleveres
i køleskab på sygehuset

Efterbehandling

- Hvis NT-proBNP IKKE er målt:
visitation som vanligt
- Hvis NT-proBNP er målt:
visitation støttet af NT-proBNP
værdi

6

Visitation

5

Der skal IKKE måles NT-proBNP

4b

- enten via trialpartner
- eller AMK-vagtcentralen
på tlf. 70 113 112

3

2

150 ul anvendes umiddelbart til NT-proBNP måling
Resten gemmes og afleveres i køleskab på sygehuset

Der skal måles NT-proBNP

4a
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!ALB, Lemvig
!ALB, Silkeborg
!ALB, Randers
!ALB, Viborg
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!No
!Heart disease
!Lung disease

Known comorbidity

no

GCS:__________point

yes

Sat.:________________%

W/oxygen?:

BP:_______/_______mmHg

HR:__________/min

RF:___________/min

First set of prehospital vital signs:

!ALB, Aarhus
!ALB, Grenå
!ALB, Herning
!ALB, Holstebro
!ALB, Horsens

Prehospital Critical Care Team

Primary ambulance nr. ____________________________

Randomisation number (from iPad)__________________

CVR number_____________-_______

Patient name___________________________________________

Date____________

Background data

___________________________________

___________________________________

___________________________________

TURN! to fill out page 2

Stregkode)

Remember!
Always save blood sample – even when NT-proBNP is not
measured.
Attach barcode from requisition form here

!NT-proBNP measured, værdi____________pg/ml
!NT-proBNP not measured, randomized to control group
!NT-proBNP not measured, equipment failure
!NT-proBNP not measured, i.v. acces failure
!NT-proBNP not measured, blood draw failure

NT-proBNP (fortolkningsvejledning i info-folder)

!None
!FATE
!LUS

Other point-of-care diagnostic & short conclusion

!Not obtained
!Obtained, attached (print from LP12)

12-punkts EKG

!I No signs of heart failure
!II Rales and/or crackles
!III Pulmonary edema – crackles all over
!iV Cardiogenic shock (sysBT < 90, peripeheral hypoperfusion)

Clinical assessment before POC test (Kilip klassifikation)

Registration sheet – PreBNP – page 1 of 2
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Atropin iv________________mg

Adenocor iv______________mg

Berodual inh_____________pcs

Solu-medrol iv____________mg

Adrenalin iv______________mg

Tavegyl iv_______________mg

Other_____________________

Morfin iv________________mg

Cordarone iv_____________mg

Ventoline inh_____________pcs

Bricanyl iv_______________mg

Adrenalin inh_____________mg

Adrenalin im_____________mg

Other_____________________

! No medication given

Nitrolingualspray________spray

Furix iv_________________mg

Prehospital medication

!Acute heart faliure
!Other heart disease
!Lung disease, pneumonia, etc.
!Other cause

!None
!Oxygen
!Bag-valve-mask ventilation
!Oral-/nasal-pharyngeal airway
!Laryngeal mask airway
!Endotracheal intubation

Bag is placed in fridge at
hospital

Blood sample and requisition
sheet goes back into bag – bring
to hospital with the patient

Remember barcode on front page!

Put both inside the
prehospital patient file

Registration sheet and
ECG is brought back to the
station

Praktisk

!Emergency department / common receiving department
!Department of cardiology / coronary care unit
!Department of pulmonology
!Other department
!No admission

Endelig visitation (sæt ét x)

Assessment of primary cause of dyspnea (only one x)

Airway management

Registration sheet – PreBNP – page 2 of 2
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1 [Reference]
1 [Reference]

Assuming no-CRN patients live

Assuming no-CRN patients die

1 [Reference]
1 [Reference]

Assuming no-CRN patients live

Assuming no-CRN patients die

1 [Reference]
1 [Reference]

Assuming no-CRN patients live

Assuming no-CRN patients die
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1 [Reference]
1 [Reference]

Assuming no-CRN patients live

Assuming no-CRN patients die

1.6 (1.6 - 1.7)

2.0 ( 1.9 -2.1)

1.8 (1.7 - 1.9)

2.3 (2.2 - 2.4)

4.1 (3.8 - 4.3)

3.6 ( 3.4 - 3.9)

2.7 (2.6 - 2.8)

6.0 (5.5 - 6.4)

5.5 (5.1 - 6.0)

3.0 (2.8 - 3.1)

9.7 (8.8 - 10.7)

9.2 (8.3 - 10.1)

Abbreviations: RR; Relative Risk, CRN; Civil Registration number

1 [Reference]

Incl. patients not receiving ambulance

Day 365

1 [Reference]

Incl. patients not receiving ambulance

Day 30 (primary endpoint)

1 [Reference]

Incl. patients not receiving ambulance

Day 7

1 [Reference]

RR (95 % CI)

RR

Incl. patients not receiving ambulance

Day 1

Unconcsious/
cardiac arrest

Dyspnea

0.5 (0.5 - 0.5)

0.3 (0.3 - 0.3)

0.4 (0.4 - 0.5)

0.6 (0.5 - 0.6)

0.2 (0.2 - 0.3)

0.3 (0.2 - 0.3)

0.6 (0.6 - 0.7)

0.2 (0.2 - 0.2)

0.2 (0.2 - 0.2)

0.7 (0.7 - 0.7)

0.2 (0.2 - 0.3)

0.2 (0.2 - 0.3)

RR (95 % CI)

Chest pain

0.7 (0.6 - 0.7)

0.5 (0.5 - 0.5)

0.7 (0.7 - 0.8)

0.8 (0.7 - 0.8)

0.5 (0.4 - 0.5)

0.6 (0.6 - 0.7)

0.8 (0.8 - 0.8)

0.5 (0.4 - 0.5)

0.6 (0.5 - 0.6)

0.9 (0.8 - 0.9)

0.5 (0.4 - 0.5)

0.6 (0.5 - 0.6)

RR (95 % CI)

Neurology

0.5 (0.5 - 0.5)

0.3 (0.3 - 0.3)

0.5 (0.5 - 0.6)

0.6 (0.6 - 0.6)

0.2 (0.2 - 0.2)

0.30 (0.3 - 0.3)

0.7 (0.6 - 0.7)

0.1 (0.1 - 0.2)

0.2 ( 0.2 - 0.2)

0.7 (0.7 - 0.8)

0.1 (0.1 - 0.1)

0.1 (0.11 - 0.2)

RR (95 % CI)

Accidents & trauma

0.6 (0.6 - 0.6)

0.4 (0.4 - 0.4)

0.7 (0.7 - 0.7)

0.7 (0.7 - 0.7)

0.4 (0.3 - 0.4)

0.5 (0.5 - 0.6)

0.8 (0.7 - 0.8)

0.3 (0.3 - 0.4)

0.5 (0.4 - 0.5)

0.9 (0.8 - 0.9)

0.4 (0.3 - 0.4)

0.5 (0.4 - 0.6)

RR (95 % CI)

Other medical
emergency callers

Appendix 6 - Results of sensitivity analyses from study 2
Relative risk of death using patients with dyspnea as reference. Analyses including patients not receiving an ambulance are adjusted
for age, sex and Charlsons Comorbidity Index (n = 147 912). Analyses including contacts with no Civil Registration Number are
unadjusted (n = 162 309).
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Appendix 6 – Results of sensitivity analysis, study II
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Appendix 7 - Diagnostic distribution among those with original registrations of the
primary cause of dyspnea on the registration sheet and those where this was manually
extracted from ambulance reports or physician commentaries in Study III

Disease
Heart
Lung
Other

NT-proBNP group*
(n = 308)
Original data
Manually extracted
(n = 247)
(n = 61)

Routine work-up group#
( n = 309)
Original data
Manually extracted
(n = 242)
(n = 67)

50 (124/247)
37 (91/247)
13 (32/247)

49 (118/242)
38 (92/242)
13 (32/242)

49 (30/61)
43 (26/61)
8.2 (5/61)

57 (38/67)
33 (22/67)
10 (7/67)

All data presented as percentage (n/total)
*p = 0.51
#

p = 0.51
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Appendix 8.1 – Baseline characteristics Study III, de facto intervention
NT-proBNP
group
(n = 385)

Routine work-up
group
(n = 326)

75 (67-82)

74 (63-82)

55 (212/385)

60 (195/326)

Chronic heart failure

16 (61/385)

16 (53/325)

Ischemic heart disease

38 (147/385)

36 (116/325)

Atrial fibrillation

23 (88/385)

25 (80/325)

Other heart disease

22 (83/385)

19 (62/325)

COPD/Asthma

38 (147/385)

39 (128/326)

Other lung disease

5.5 (21/385)

4.6 (15/325)

Chronic renal failure

15 (59/385)

14 (45/325)

Any cancer

15 (57/383)

15 (49/319)

Stroke

11 (43/385)

10 (33/325)

Anaemia

14 (53/385)

14 (44/325)

Ace inhibitor/ATII-antagonist

38 (145/381)

35 (113/321)

Beta-blocker

41 (157/382)

38 (120/320)

Any diuretic

43 (164/380(

46 (148/320)

Digoxin

5.8 (22/378)

4.7 (15/319)

Anticoagulant

19 (72/381)

22 (70/319)

Any antiplatelet

46 (178/385)

42 (137/326)

B-agonist/anticholinergic inhalation

36 (137/381)

36 (117/321)

Corticosteroid inhalation

28 (105/381)

25 (80/321)

Systemic corticosteroid

11 (40/379)

10 (33/320)

41 (156/384)

41 (133/321)

Characteristic
Age, years
Male sex
Comorbidities

Medication

Risk factors
Arterial hypertension
Diabetes

16 (63/385)

18 (58/324)

Tobacco use, ever smoker

73 (273/373)

82 (261/318)

24 (20-30)

24 (20-30)

Clinical findings in the ambulance
Respiration rate
Heart rate

101 (81-120)

100 (85-117)

Systolic blood pressure

150 (138-178)

144 (126-170)

93 (87-97)

94 (88-97)

Glasgow coma score < 15

9.4 (35/373)

7.3 (23/317)

Killip classification > 1

30 (106/350)

26 (75/289)

Peripheral oxygen saturation

Categorical data presented as percentage (n/valid cases), contionus as median (interquartile
range)
Abbreviations: COPD; Chronic obstructive pulmonary disease
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Appendix 8.2 – Results Study III, de facto intervention
NT-proBNP
measurement
(n = 385)

No NT-proBNP
measurement
(n = 326)
Valid
cases

Decision making

Valid
cases

p
value

Patients with dyspnea of cardiac origin
triaged to department of cardiology*

74 (125/170)

371

69 (100/145)

318

0.371

Patients with dyspnea of non-cardiac origin
triaged to department of cardiology*

28 (61/215)

371

33 (59/181)

318

0.362

Patients with dyspnea of cardiac origin
§
receiving pulmonary medication

23 (38/168)

363

23 (32/142)

311

0.986

Patients not admitted to hospital

1.6 (6/385)

385

1.2 (4/326)

326

0.961

30-day mortality

9.1 (35/385)

385

8.0 (26/326)

326

0.597

Intensive care unit admission rate

Patient outcome
14 (53/385)

385

11 (36/326)

326

0.274

Hospital length of stay, days

4 (2-7)

385

4 (2-7)

326

0.929

Readmission within 3 months

39 (151/385)

385

44 (142/326)

326

0.242

Categorical data presented as percentage (n/total number), contionus as median (interquartile range)
*In 11 (3.1%) patients in the NT-proBNP group and 11 (3.1%) in the routine work-up group, it was not possible to
determine the primary cause of dyspnea
§
Pulmonary medication comprised β-agonist inhalation, anticholinergic inhalation and/or intravenous
corticosteroids
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Appendix 9.1 – Methods and overall results of the systematic literature search
!
A PubMed search was conducted using the search string ” acute AND "Dyspnea"[Mesh] AND
"Natriuretic Peptide, Brain"[Mesh] on June 4th, 2016. I performed a hierarchal search of titles for
predefined exclusion criteria. The exclusion criteria were: not dyspnea, not acute, NT-proBNP not
exposure, not diagnostic (i.e. therapeutic or prognostication studies), not adults, reviews/expert
opinions, not humans. Abstracts were subsequently searched using the same exclusion criteria
and additionally marking the studies as prospective, non-randomized and prospective, randomized
controlled studies. For observational studies, abstracts were searched for the conclusion and it
was registered whether the conclusion of the article supported a beneficial effect of NT-proBNP in
terms of diagnostic performance and/or clinical use, if the conclusion supported precaution in
specific patient groups or if the conclusion was no effect of NT-proBNP. For randomized controlled
studies, full text articles were read and the following pre-specified information were extracted:
number of enrolled patients, numbers of patients in the intervention and the control group, setting,
inclusion criteria, exclusion criteria, routine work-up, history of heart failure, history of other heart
disease, blinding of the following staff to biomarker values, mortality, and length of hospital stay.
The literature search identified 230 potential studies examining use of brain natriuretic peptides in
dyspneic patients. Of these, 131 were excluded after evaluation of the title and 19 excluded after
evaluation of the abstract.
PubMed'search'on'4'June'2016'
230$poten*al$eligible$studies$
iden*ﬁed$

230'6tles'searched'
131'6tles'excluded'
1$not$dyspnea$
7$not$acute$
46$biomarker$not$exposure$
19$not$diagnos*c$
57$reviews/expert$opinions$
1$not$humans$
$
99'abstracts'searched'
22'abstracts'excluded'
1$not$acute$
3$biomarker$not$exposure$
5$not$diagnos*c$
13$reviews/expert$opinions$
$
$
77'studies'iden6ﬁed'
67$nonDrandomized$studies$
10$randomized$controlled$
studies$
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Appendix 9.2 – Complete reference list of publications reporting data from nonrandomized observational studies on the diagnostic accuracy or clinical applicability of
brain natriuretic peptides in patients with dyspnea
!
Røsjø H, Dahl MB, Jørgensen M, Røysland R, Brynildsen J, Cataliotti A, Christensen G, Høiseth AD, Hagve TA, Omland T. Influence of
glycosylation on diagnostic and prognostic accuracy of N-terminal pro-B-type natriuretic peptide in acute dyspnea: data from the
Akershus Cardiac Examination 2 Study. Clin Chem. 2015 Aug;61(8):1087-97. doi: 10.1373/clinchem.2015.239673. Epub 2015 Jun 8.
PubMed PMID: 26056354.
Guo L, Li G, Wang Y, Liang H, Shan X, Zhang N, Wang M, Lin D, Zhu L. Diagnostic utility of N-terminal-proBNP in differentiating acute
pulmonary embolism from heart failure in patients with acute dyspnea. Chin Med J (Engl). 2014;127(16):2888-93. PubMed PMID:
25131222.
Lakhdhar R, Hamouda C, Ben Ammar L, Majed K, Moncef F, Kaabachi N, Drissa H, Borsali Falfoul N. [Is BNP assay useful for the
diagnosis of acute dyspnea in emergencies departments?]. Tunis Med. 2013 Aug-Sep;91(8-9):527-33. French. PubMed PMID:
24227511.
Shaikh K, Hanif B, Siddique AA, Shaikh MY, Khan MN. Pro-brain natriuretic peptide plasma levels, left ventricular dimensions and
ejection fraction in acute dyspnoea. J Coll Physicians Surg Pak. 2012 Dec;22(12):751-5. doi:12.2012/JCPSP.751755. PubMed PMID:
23217478.
Eckstein J, Potocki M, Murray K, Breidthardt T, Ziller R, Mosimann T, Klima T, Hoeller R, Moehring B, Sou SM, Rubini Gimenez M,
Morgenthaler NG, Mueller C. Direct comparison of mid-regional pro-atrial natriuretic peptide with N-terminal
pro B-type natriuretic peptide in the diagnosis of patients with atrial fibrillation and dyspnoea. Heart. 2012 Oct;98(20):1518-22. Epub
2012 Aug 3. PubMed PMID: 22865868.
Shaikh K, Ahmad M. Diagnostic significance of NT-proBNP estimation in patients with acute dyspnea. J Coll Physicians Surg Pak. 2011
Oct;21(10):584-8.doi: 10.2011/JCPSP.584588. PubMed PMID: 22015116.
Prosen G, Klemen P, Štrnad M, Grmec S. Combination of lung ultrasound (a comet-tail sign) and N-terminal pro-brain natriuretic peptide
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