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ABSTRACT

Cough is a condition that can be caused by several different mechanisms. There are numerous
guidelines for diagnosing the cause of cough, yet the effect of a well-constructed examination
framework has not been investigated. At the Department of Internal Medicine, Lillebaelt Hospital,
Vejle, a systematic examination framework for diagnosing cough was introduced. Two hundred
consecutive patients referred to the pulmonary outpatient clinic with cough were included. The
first 100 patients (Group 1) were included before implementation of the examination framework
and diagnosed as usual. The next 100 patients (Group 2) were examined using the systematic
framework. The primary endpoint was the number of appointments required to establish
a diagnosis. A multivariable Poisson regression was performed, adjusting for age, sex, body
mass index, pulmonary function (FEV1/FVC), duration of cough, and smoking status.
A diagnosis was established within 1-2 visits in 47% in Group 1 compared to 83% in Group 2.
When adjusting for confounders, fewer appointments was required to establish a diagnosis in
Group 2 (Incidence rate ratio=0.713 (95% confidence interval: 0.592-0.859), P=0.000). Using
a systematic examination framework for diagnosing cough may reduce the number of appoint-
ments required to establish a diagnosis, seemingly without compromising the diagnostic

ARTICLE HISTORY
Received 5 September 2023
Accepted 16 October 2023

KEYWORDS

Cough; diagnosis; patient
pathways; systematic
framework; time to
diagnosis

outcome.

Introduction

Chronic cough in adults is a prevalent health problem
that has been estimated to occur in about 10% of the
global population [1]. It is generally defined as a cough
with a duration of 28 weeks [2], and if the underlying
cause cannot be established, it is classified as unex-
plained chronic cough [3].

Chronic cough can be characterized as both
a symptom of an underlying condition and as
a distinct condition, known as cough hypersensitivity
syndrome [2]. Chronic cough is often triggered by
mechanical, chemical, or thermal stress [4], but an
underlying condition is not established in many cases.
It has been estimated that up to 46% of patients with
chronic cough have unexplained chronic cough [3].
Known underlying conditions of chronic cough include
respiratory diseases such as chronic obstructive pul-
monary disease (COPD), asthma, interstitial lung dis-
ease, bronchitis (due to smoking), bronchiectasis, and

pulmonary cancer [4]. Extrapulmonary conditions
include gastro-esophageal reflux disease (GERD) [4],
iatrogenic cough caused by angiotensin-converting
enzyme (ACE) inhibitor treatment [5], and postnasal
drip syndrome, rhinitis, and rhinosinusitis, collectively
known as upper airways cough syndrome [6].

The burden of chronic cough is substantial for both
society and the individual. Cough as a symptom is
associated with a significant socioeconomic impact
and increased healthcare consumption [7,8], and
chronic cough is associated with a considerable and
resource consuming diagnostic examination work-up
in a large amount of patients [9]. Furthermore, chronic
cough is associated with lower job productivity and
time missed from work [10,11]. The increased indivi-
dual patient burden of chronic cough is also well estab-
lished with an increased risk of a wide range of
negative physical and psychological consequences
[12-14], and cough is associated with a decrease in
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the quality of life [12,15]. Physical complications
include stress urinary incontinence, syncope, vomiting,
sleep disturbance, hernias, and interference with speech
[4,15-17]. Psychological complications include anxiety,
depression, social embarrassment, concern about ser-
ious underlying illness, and annoyance to family,
friends, and coworkers [12,18,19].

Because of the personal and societal burden, it is
important to reach a diagnosis and commence effective
treatment without unnecessary delays. Several guide-
lines for the diagnosis and management of cough have
been published, and the recommended management is
generally diagnostic testing followed by stepwise
empirical treatment [2,4,11]. This stepwise approach
has been criticized in the management of cough and
respiratory diseases, as it may delay relevant diagnosis
and treatment due to prolonged diagnostic testing, and
a treatable traits paradigm has been proposed instead
[2,20-22]. A different way of tackling this issue, is
introducing dedicated patient pathways, which has
reduced the time from suspicion of disease to
a diagnosis in other clinical fields. Denmark introduced
standardized cancer patient pathways (CPPs) in 2008
and 2009, which include guidelines and descriptions of
selected red flag symptoms [23]. The CPPs in Denmark
have resulted in faster diagnosis and treatment initia-
tion in cancer patients [24-26] and most likely an
increase in survival [27].

With this study, we aimed to investigate if introdu-
cing a systematic examination framework for diagnos-
ing chronic cough would lead to a reduction in the
time required to establish a diagnosis without compro-
mising the diagnostic quality.

Methods
Study inclusion

At the pulmonary outpatient clinic at the Department
of Internal Medicine, Lillebaelt Hospital, Vejle,
a systematic examination framework for diagnosing
chronic cough was introduced. Two hundred consecu-
tive patients referred with the diagnosis ‘DR059 Cough’
were enrolled in this study. The first 100 patients were
diagnosed using the usual approach (Group 1), and the
next 100 patients were diagnosed using a systematic
approach (Group 2).

With the usual approach, the first appointment was
always with a doctor. However, with the systematic
approach the patients consulted either a nurse or
a doctor who performed a systematic screening of
symptoms and medical history using a systematic
screening tool (Table 1). Further examinations, tests

and/or medication were ordered based on the screen-
ing tool evaluation. The screening tool was developed
by experienced respiratory physicians at the pulmonary
outpatient clinic.

Data collection

Data were collected retrospectively via patient records.
The number of appointments required to establish
a diagnosis was the primary endpoint. The number of
days from referral to 1% appointment and from 1%
appointment to diagnosis were also collected.
A diagnosis was considered established on the date
where the patient received information about the diag-
nosis. This could be based on abnormal test results or
by clinical judgment from a senior doctor. A diagnosis
of asthma was considered established on the date of
a positive bronchodilator reversibility test, significant
peak flow variability, asthma provocation test, or expli-
cit clinical judgement from a senior doctor. For dis-
continuation of angiotensin-converting enzyme
inhibitor treatment, the diagnosis was considered
established only after verified cough disappearance on
follow-up. For gastroesophageal reflux disease, the
diagnosis was considered established only after verified
cough disappearance following initiation of proton
pump inhibitor treatment.

We collected baseline characteristics such as sex,
age, body mass index (BMI), pulmonary function,
smoking status, and cough duration. Chronic cough
was binarily defined as cough lasting longer than 8
weeks. Blood samples and a chest x-ray were routinely
obtained prior to the first appointment, and
a spirometry is always performed. We also collected
data regarding which type of clinician the patients
consulted on 1% appointment (nurse, junior doctor,
or senior doctor). A senior doctor was defined as
a doctor with an obtained specialization in
pulmonology.

Secondary endpoints to investigate the quality of the
diagnostic framework were the final diagnosis estab-
lished and the number of patients having performed
secondary diagnostic examinations (asthma provoca-
tion tests (methacholine or mannitol test as appropri-
ate), bronchoscopies, high-resolution computed
tomography (HRCT) scans, referrals to the CPP).
These were collected as binary variables (yes/no).

Statistics

Univariable analyses were made with t-test or
Wilcoxon Rank Sum test for continuous variables
depending on the distribution of the variable. For



Table 1. Systematic screening tool used in the study.
No Yes

If yes:

Chest X-ray more than 4
weeks old?
ACE inhibitor treatment?

New chest X-ray.

Pause treatment for 2 weeks (Only
after consulting with a doctor).

Consider asthma.

Suggest ENT specialist.

Blood samples: RAST test
(standard inhalant allergen
panel*), total IgE, Eosinophil
count.

Sputum for cultivation and
resistance, possibly
including m. tuberculosis.
Consider HRCT scan.

PPI treatment for minimum 4
weeks.

(If the patient is already in
treatment with PPI, then try
double dosage for 4 weeks).

Reversibility test with beta-2
agonist.

Methacholine challenge test.
Blood samples: RAST test
(standard inhalant allergen
panel*), total IgE, Eosinophil
count.

Peak flow measurements at home
for 2 weeks without asthma
medication, then start asthma
medication. After 2 months on
medication, once again 2 weeks
of peak flow measurements.
Consider HRCT scan.

*Includes specific IgE for birch, grass, bunch, cat, dog, house dust mites,
and mould. Abbreviations: ACE = angiotensin-converting enzyme. ENT =
ear, nose, and throat. RAST; radioallergosorbent. HRCT = high-resolution
computed tomography. PPl=proton pump inhibitor. FEV;=forced
expiratory volume in the first second. FVC =forced vital capacity. FeNO
= fractional exhaled nitric oxide.

Shortness of breath?
Symptoms of rhinitis?

Purulent sputum?

Dyspepsia?

FEV; <80% and/or FEV,
/FVC <75%?

FeNO >50 and negative
reversibility test?

Normal FeNO and
spirometry including
reversibility test?

Table 2. Baseline patient characteristics.
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categorical variables with two groups, the Fischer’s
exact test was used. For categorical variables with
more than two groups, a Chi-squared test was per-
formed. Wilcoxon Rank Sum test was used to test for
differences in time and appointments required to reach
a diagnosis (Figure 1 and Figure 2), and median and
interquartile ranges (IQR) were calculated.

To assess the relationship between the intervention
and the number of appointments required to establish
a diagnosis, we performed a multivariable Poisson
regression adjusting for pre-determined relevant con-
founders (sex, age, FEV,/FVC, and BMI). Multiple
imputation was used as recommended to account for
missing data in the variables BMI, FEV/FVC, cough
duration (Chronic cough >8 weeks), and smoking sta-
tus [28]. The model was checked for overdispersion,
mean misspecification, and overall goodness of fit, and
the model did not violate any assumptions. Complete
case analysis was made to assess the model’s reliance
on multiple imputation, and this showed a high reli-
ance likely due to loss of observations in complete case
analysis (Appendix A, Table S1).

A significant difference in the clinician type at 1%
appointment was found between the two groups. This
difference was a direct result of the intervention, and
we did not include this variable in the primary analy-
sis as recommended by the guidelines on adjustment
for baseline covariates by the European Medicines
Agency [29]. We included the variable in

Total Group 1 (N=100) Group 2 (N=100) Missing
Median (IQR) Median (IQR) Median (IQR) p* N
Age (years) 60.5 (46.5-69.5) 61.0 (48.0-7.0) 59.5 (44.0-69.0) 0.68 -
BMI (kg/mz) 26.6 (23.8-30.5) 27.5 (23.8-31.9) 26.0 (24.0-29.3) 0.20 23
FEV1% of predicted 89 (80-102) 88 (79-102) 91 (81-100) 0.59 7
FVC % of predicted 96 (83-108) 98 (86-110) 93 (82-107) 0.051 13
FEV,/FVC 0.78 (0.72-0.82) 0.77 (0.70-.82) 0.80 (0.74-0.83) 0.04 9
N n n
Sex (male) 81 38 43 0.57 -
Smoking status 0.25 22
® Current 29 18 n
o By 51 23 28
® Never 98 56 42
Chronic cough 0.19 45
o Ves 139 71 68
e No 16 5 1
Clinician at 1°¢ visit <0.01 -
® Senior doctor 74 27 47
® Junior doctor 88 73 15
® Nurse 38 0 38

*Calculated with t-test or Wilcoxon Rank Sum test for continuous variables as appropriate. Calculated with Fischer's exact test for categorical
variables. Abbreviations: BMI = body mass index. FEV; = forced expiratory volume in the first second. FVC =forced vital capacity.
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a secondary analysis as recommended (Appendix A,
Table S2) [29]. We also investigated the number of
appointments required when only including patients
who consulted a senior doctor at 1°* appointment
(Appendix A, Figure S1). Stata 17 was used for all
statistical analyses. A significance level of 0.05 was
used.

Results
Population baseline characteristics

Table 2 displays baseline characteristics of the two
groups. Hereafter, all instances of ‘significant’ refer to
statistical significance. There were no significant differ-
ences in age, BMI, sex, smoking status, or the number of
patients with chronic cough. Group 1 had a significantly
lower FEV1/FVC, although most patients had a normal
FEV1/FVC in both groups. There was no difference
between the two groups in FEV1% of predicted. FVC %
of predicted was higher in Group 1, but the difference was
not significant (p = 0.051).

There was a significant difference between the two groups
in the type of clinician the patient consulted on 1* appoint-
ment. 38 patients in Group 2 consulted a nurse compared to
0 in group 1. 15 patients in Group 2 consulted a junior
doctor compared to 73 in Group 1, and 47 patients consulted
a senior doctor in Group 2 compared to 27 in Group 1.

Primary outcomes: number of appointments and
time required to reach diagnosis

Significantly fewer appointments were required to
establish a diagnosis for patients in Group 2 (median
=2, IQR: 1-2) compared to patients in Group 1 (med-
ian =2, IQR: 2-3) (Figure 1). Correspondingly, signifi-
cantly less time was required to establish a diagnosis
for patients in Group 2 (Figure 2). Figure 2 shows that
significantly fewer days were required from 1* appoint-
ment to diagnosis in Group 2 (median =36, IQR: 0-
63.5) compared to Group 1 (median =59.5, IQR: 25.5-
173), and from referral to diagnosis in Group 2 (med-
ian =57.5, IQR:24.5-97) compared to Group 1 (med-
ian = 84.5, IQR: 38-186). There was no significant
difference between Group 1 (median = 16.5, IQR: 9.5-
23) and Group 2 (median =17. IQR: 13-28.5) in the
number of days from referral to first appointment.
Results from the multivariable Poisson regression
are shown in Table 3. When adjusting for possible
confounders, Group 2 (systematic framework) still
had significantly fewer appointments required to estab-
lish a diagnosis with an incidence rate ratio (IRR)=
0.713 (95% CI: 0.592-0.859) compared to Group 1 (p <
0.001). Sex, age, FEV1/FVC, BMI, smoking status, and
chronic cough were not significantly associated with
number of appointments required for diagnosis. The
results from the secondary analysis are displayed in
Appendix A, Table S2 and Figure S1. Table S2 shows

Group1l mGroup?2
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Figure 1. Number of appointments required to establish a diagnosis.
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(a) Time from referral to first appointment

Group 1 Group 2

-

p-value = 0.20
(b) Time from first appointment to diagnosis
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(c) Time from referral to diagnosis
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Figure 2. Time in days required to establish a diagnosis. (A) time from referral to 1°* appointment, (B) time from 1*" appointment to
diagnosis, (C) time from referral to diagnosis. Outside values are excluded from graphs.
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Table 3. Multivariable Poisson regression model for the number of appointments

required to establish a diagnosis.

Variable IRR 95% Cl P
Group 2: Systematic framework 0.713 0.592-0.859 <0.001
Male sex 1.026 0.846-1.244 0.795
Age 1.001 0.995-1.008 0.686
FEV,/FVC 2913 0.869-9.759 0.083
BMI 0.990 0.973-1.007 0.256
Chronic cough 1.229 0.873-1.731 0.237
Smoking status

® Never Reference - -

e Current 0.882 0.662-1.176 0.393

° K 0.997 0.767-1.296 0.982

Abbreviations: IRR = incidence rate ratio. Cl = confidence interval. BMI = body mass index.
FEV, = forced expiratory volume in the first second. FVC =forced vital capacity.

that including the variable clinician type at 1** appoint-
ment did not alter the regression estimates substan-
tially, and the intervention is still related to fewer
appointments required. This can also be seen in
Figure S1, where significantly fewer appointments
were required in Group 2 when only including patients
who consulted a senior doctor at 1°* appointment.
Table S2 also shows that consulting a nurse at 1%
appointment is significantly related to more appoint-
ments required compared to a senior doctor (IRR =
1.425 (95% CI: 1.075-1.888)).

Secondary outcomes: quality control parameters

Table 4 shows the difference in quality control vari-
ables between the two groups. There were no signifi-
cant differences in number of HRCT scans,
bronchoscopies, or referrals to the CPP. There was no
significant difference in the diagnoses established, but
the number of patients diagnosed with asthma was
numerically lower in Group 2 (19 compared to 28)
and the number of infections was numerically higher
(12 compared to 2). Significantly less asthma provoca-
tion tests were performed in Group 2. To explore the
reason for this, we conducted a post-hoc analysis to
investigate the relationship between the number of
asthma provocation tests performed and the clinician
type at 1°* appointment (Appendix A, Table S3). This
unveiled significant differences, where senior doctors
ordered fewer asthma provocation tests compared to
junior doctors and nurses.

Discussion

To our knowledge, this study is the first to report the
impact of using a systematic examination framework in
the diagnosis of cough. We found that introducing

Table 4. Quality control parameter comparison between the
two groups.

Group 1 (N Group 2 (N
=100) =100) p*

Secondary diagnostic

examinations performed

Number of asthma provocation 39 25 0.03

tests

Number of HRCT scans 60 57 0.77

Number of bronchoscopies 8 8 1.00

Number of referrals to the CPP 7 5 0.77
Established diagnosis 0.15

Unresolved 39 39

Asthma 28 19

COPD 9 7

Bronchiectasis 5 8

Infection <5 12

Interstitial lung disease <5 <5

Rhinitis <5 <5

Bronchitis <5 0

Cancer 0 <5

Sarcoidosis <5 <5

Eosinophil infiltration <5 0

Aspergilloma <5 0

GERD <5 <5

Sleep apnea <5 <5

Goiter <5 0

Tracheocele 0 <5

Hoarseness 0 <5

ACE inhibitor 0 <5

*Calculated with chi-squared test or Fischer's exact test as appropriate.
Abbreviations: HRCT = High-resolution computed tomography. CPP=
dedicated cancer patient pathway. COPD = chronic obstructive pulmon-
ary disease. GERD = gastroesophageal reflux disease. ACE = angiotensin-
converting enzyme.

a systematic approach resulted in significantly fewer
appointments required and significantly shorter time
to diagnosis. These reductions lie solely in the time
from the first appointment to diagnosis, as no reduc-
tion in the time from referral to the first appointment
was seen. Interestingly, most patients in Group 2
(Systematic framework) are diagnosed within 2
appointments or less, and no patients required more
than 7 appointments — compared to four patients in
Group 1.



The reasons for this reduction in both time and
appointments required can only be speculated upon,
but a reduction in waiting time for diagnosis and
treatment has been seen after the introduction of
CPPs in both Denmark [24-26] and other countries
[30-32]. Dedicated patient pathways have also been
associated with favorable outcomes in hospitalized
patients with a decrease in hospitalization time within
various medical specialties [33-35], a better patient
flow and a decrease in readmission rates in ischemic
stroke patients [36], and they have even been asso-
ciated with quality of care improvements in several
settings [37-39].

In our study, it is difficult to conclude whether the
use of a systematic framework or the clinician type at
first appointment is more important in decreasing the
number of appointments required for a diagnosis. In
our secondary analysis we have shown that both are
significantly associated with fewer appointments
required until reaching a diagnosis. This is in accor-
dance with existing evidence: a study by Sreih et al.
found that patients with vasculitis were diagnosed fas-
ter if they were initially seen by a specialist [40].
Furthermore, limited access to tertiary level expertise
has been associated with a less timely diagnosis in
interstitial lung disease [41].

Having a lower ratio of FEV,/FVC seemed, although
not significantly, associated with less appointments
required. It is well known that it requires more time
to reach a diagnosis in complex diseases that do not
readily fit into our pre-defined diagnostic boxes [42],
and more time and investigations are likely required to
reach a diagnosis in patients without a clear pulmonary
disease. The two patient groups in our study are very
similar, and only the pulmonary function (FEV,/FVC)
is significantly different between them. The FEV,/FVC
of both groups, however, is well above the threshold of
0.70, so this does not appear clinically relevant.
Therefore, differences between the two patient groups
are not likely to explain the difference in the number of
appointments needed to establish a diagnosis.

The only significant difference in quality parameters
(secondary diagnostic examinations and diagnoses)
between the two groups was the lower number of
asthma provocation tests performed in Group 2.
Importantly, the number of patients with an unre-
solved etiology of the cough was similar at about 40%
in both groups, which also corresponds to existing
literature [43]. This indicates that the patients in
Group 2 are, in general, adequately examined and
diagnosed when compared to the usual approach in
Group 1. The lower number of asthma provocation
tests in Group 2 may, at least partly, be explained by
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the fact that more patients in Group 2 consulted
a senior doctor at 1°' appointment, and that senior
doctors were less likely to order asthma provocation
tests. The non-significant reduction in the number of
patients diagnosed with asthma in group 2 might be
caused by the lower number of asthma provocation
tests. To correctly diagnose asthma in chronic cough
is difficult, as it is a clinical diagnosis without a single
diagnostic tests to either diagnose or exclude asthma,
and opinions are divided about the use of asthma
provocation tests in cough variant asthma [4]. It may
be speculated that senior doctors due to experience are
better at not ordering asthma provocation tests for
patients, in whom asthma is highly unlikely. These
tests can result in false positives [44], which may result
in a subsequent unnecessary or potentially harmful
treatment regimen. On the other hand, undertesting
may result in underdiagnosis of asthma.

Our findings have several potential implications.
A reduction in number of required appointments and
time to diagnosis has the potential to decrease health-
care expenditures, and it may also increase the quality
of life of the individual patient. A decrease in time to
relevant diagnosis and treatment may reduce the dura-
tion of symptoms, and also reduce the duration of
concern of a serious underlying illness, which is
known to cause increased levels of anxiety in patients
with chronic cough [12]. For these reasons, we con-
sider it important to investigate further upon our
results, and we stress the relevance of randomized
controlled trials to replicate our results in a more con-
trolled setting. Furthermore, we have documented that
visiting a nurse at 1** appointment is associated with
more appointments required compared to visiting
a senior doctor, and this also warrants further
exploration.

This study has various limitations. First, this was
a relatively small study, which decreases generalizability
and replicability. However, the demographic character-
istics of our study populations appear to be consistent
with existing literature [2,4,43], which increases the
probability that our study population is a representative
sample. Second, this was conducted as a before-after
cohort study instead of a randomized controlled trial.
Residual confounding is likely present, and we cannot for
certain conclude that a causal relationship exists between
the systematic framework and the reduction in time to
diagnosis, although this appears highly likely. For exam-
ple, it is possible that some clinicians were involved in
the diagnosis in patients from both Group 1 and Group
2. The more inexperienced clinicians (junior doctors
primarily) might have adopted a more focused approach
during the two stages of the study, which may account
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for some of the observed reduction. Third, as a direct
result of the intervention, we saw a difference in which
type of clinician the patients consulted at the first
appointment, and it is difficult to completely distinguish
the effect of the systematic framework from the effect of
the clinician type. This issue was handled by performing
a secondary analysis adjusting for clinician type, where
we saw a significant effect of both the systematic frame-
work and the clinician type. Fourth, the retrospective
data collection resulted in missing data, but this was
not to an extent that made multiple imputation unwar-
ranted [28].

Conclusions

Using a systematic examination framework for diag-
nosing chronic cough seems to reduce the number of
appointments and time required to establish
a diagnosis without compromising the diagnostic out-
come. This should be investigated further, as it holds
the potential to reduce health expenses and improve
patients’ overall quality of life by commencing relevant
treatment earlier and reducing uncertainty of serious
underlying illness among patients.
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