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Introduction

Chronic dyspnoea (breathlessness) is an important 
and common symptom in primary and tertiary care. 

Dyspnoea is defined by the American Thoracic Society 

as “a subjective experience of breathing discomfort that 

consists of qualitatively distinct sensations that vary in 
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intensity” (1) and is classified as chronic when present for 
at least eight weeks. The estimated prevalence of chronic 
dyspnoea ranges from 15% to 60% in patients presenting to 
general practice (GP), depending on study parameters and 
population characteristics (2).

The complexity of diagnostic work-up of chronic 
dyspnoea is a barrier to timely and accurate diagnosis (3,4). 
Chronic dyspnoea is largely due to respiratory or cardiac 
causes. However, other causes include metabolic and 
neurogenic conditions, anaemia and deconditioning (5,6), 
and multiple aetiologies can coexist in an individual (5,7). 
In primary care surveys, up to 12% of patients with chronic 
dyspnoea had no definitive aetiology identified, even with 
comprehensive evaluation (8-10). A number of clinical 
diagnostic algorithms—comprising history taking, physical 
examination, simple investigations (e.g., spirometry, ECG, 
chest X-ray, blood tests) and more complex investigations—
have been piloted but not yet extensively validated in 
clinical practice (5,7,10-13).

To address these gaps, we studied the diagnostic process 
experienced by patients with chronic dyspnoea, who were 
referred from GP and other settings to either cardiology or 
respiratory specialist clinics at our tertiary referral hospital. 
The primary aims were to: (I) determine the proportion 
of patients who had a cause of chronic dyspnoea that 
was initially clearly evident to the referring doctor; (II) 
determine the proportion of patients referred with chronic 
dyspnoea who ultimately received a final diagnosis in the 
cardiology or respiratory specialist clinics at 6 months after 
referral; and (III) determine the consistency between the 
referring doctor’s diagnosis and the specialist diagnosis clinic 
diagnosis at 6 months after referral. Secondary aims were 
to: (I) determine whether multifactorial causes of chronic 
dyspnoea were more difficult to diagnose; (II) observe the 
effect of initially clearly evident diagnoses on the number of 
investigations performed, diagnostic concordance and other 
parameters; and (III) test the accuracy of diagnosis based 
on body system affected (cardiovascular versus respiratory 
systems) rather than specific presenting complaints. 

Methods 

Study design

We conducted a retrospective, observational study which 
screened patient referrals to specialist outpatient cardiology 
and respiratory clinics at The Prince Charles Hospital 
(TPCH), a major tertiary referral hospital in Brisbane. 

Low/negligible risk institutional ethics approval was 
granted by the TPCH HREC (HREC/15/QPCH/197) and 
UQ MREC (2016000222), with Public Health Act approval 
RD006005.

Study population

Referral letters for patients with chronic dyspnoea, received 
during May and June 2015 from GPs and other specialist 
clinics, were screened. Inclusion criteria were adult patients 
with either (I) chronic dyspnoea as a primary symptom 
(with chronic defined as greater than eight weeks duration); 
(II) a condition where chronic dyspnoea is likely to occur 
and is stated as the primary cause of concern [e.g., chronic 
obstructive pulmonary disease (COPD), asthma, congestive 
cardiac failure (CCF) and bronchiectasis]; or (III) new onset 
or worsening chronic dyspnoea as the primary presenting 
complaint, with new onset chronic dyspnoea defined as 
previously undiagnosed or recently diagnosed (defined as 
within eight months).

Exclusion criteria were: other symptoms as the primary 
presenting complaint, even if dyspnoea was present but a 
secondary concern; if the presentation was of an acute or 
emergent nature; explicit statements suggesting dyspnoea 
was not present; patients with insufficient documentation 
in the referral letter for adequate categorization or being 
an existing patient of a cardiology or respiratory clinic at 
TPCH or another centre. 

Data collection

Data were collected from each patient’s initial referral letter 
and from the subsequent specialist clinic letters during the 
6-month period after the referral date. Data were securely 
stored in a custom-designed FileMakerPro database. 
The following variables were extracted: demographics, 
presenting complaint to primary care, medical history, 
physical examination findings, results of relevant 
investigations performed, additional referrals made to other 
specialists, and provisional and differential diagnoses.

Data analysis

Evident or non-evident diagnosis at time of referral
Each referred patient was categorized as having an evident 
diagnosis or non-evident diagnosis of chronic dyspnoea, based 
on the initial referral letter. A patient was considered to 
have a diagnosis that was evident (i.e., definite or clear) 
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when the referring doctor, in their opinion, confidently 
stated a provisional diagnosis (e.g., ‘please see for dyspnoea 
due to COPD’), provided a detailed description of a 
definite diagnosis with strong aetiological association and/
or determined by two investigators to confidently suggest 
a provisional diagnosis. All other referred patients were 
considered to have diagnoses that were non-evident. This 
included when a provisional diagnosis was not stated, or 
when a possible or list of possible differential diagnosis 
was provided but an actual diagnosis was not confidently 
stated. For internal validity, two investigators independently 
reviewed and classified patients using these criteria. 

Concordance between provisional diagnosis and final 
diagnosis
An analysis was made comparing concordance between 
the provisional (initial) diagnosis made by the referring 
doctor and the final diagnosis made by the specialist clinic 
at 6 months after referral. For each patient, the level of 
concordance was categorized as: (I) fully concordant: the 
final diagnosis completely agreed with the provisional 
diagnosis, (II) partially concordant: incomplete agreement 
between final diagnosis and the provisional diagnosis, 
or (III) non-concordant: no agreement between the final 
and provisional diagnosis. If multiple provisional or final 
diagnoses contributed to the patient’s presentation, these 
were each compared individually, and only categorized 
as fully concordant if either all diagnoses matched (e.g., 
a patient referred with CCF and COPD and diagnosed 
by the specialist with CCF and COPD) or if no diagnosis 
was reached (e.g., a patient referred with no diagnosis, and 
then no diagnosis was reached by the specialist). Partial 
concordance was reserved for situations where multiple 
diagnoses were recognised by one service, whilst fewer, 
more or a mismatch of diagnoses were identified by the 
other (e.g., a patient referred with only CCF and diagnosed 
by the specialist to have CCF and COPD). 

Additional comparisons
The categorization of a diagnosis as evident or non-evident 
(at referral level), referred to as diagnostic confidence, 
was compared to the level of concordance between the 
provisional and final diagnoses. Final diagnoses (at specialist 
level) were categorized as certain, uncertain or no diagnosis, 
and this was referred to as diagnostic certainty. Evident 
diagnosis/non-evident diagnosis and concordance were 
also compared with the variety of investigations performed, 
abnormalities identified in investigations, the clinic to which 

the patient was referred (cardiology or respiratory), number 
of clinic visits attended and whether multiple final diagnoses 
were present (and if so, number of diagnoses).

Referral appropriateness was ascertained, based on 
whether the patient’s final diagnosis (or at least one of the 
final diagnoses) was appropriate for the clinic (cardiology 
or respiratory) to which the patient had been referred. 
A patient’s referral was classified as appropriate when the 
patient’s final diagnoses matched the clinics to which 
they were referred (e.g., a patient with COPD referred to 
respiratory and not to cardiology. If they had both CCF and 
COPD, then a referral to both cardiology and respiratory 
would be required). Referral was categorized as partially 
appropriate where at least one appropriate referral had been 
made but insufficiently covered any other condition the 
patient may have had (e.g., a patient with COPD and CCF 
referred only to respiratory). Referrals were classified as 
inappropriate when there was no match between patient’s 
final diagnoses and the clinic referred. 

Statistical analysis was undertaken using SPSS Version 22  
(IBM Corporation, New York, USA). Pearson chi-squared 
tests were used for univariate analysis of categorical data 
and Fisher’s exact test was used if data had an expected 
count less than five. Independent samples t-tests were used 
for analysis of continuous variables, incorporating Levene’s 
test for equality of variance. A one-way analysis of variance 
(ANOVA) test was conducted for three or more independent 
groups, together with post-hoc tests. A P value of less than 
0.05 (two-tailed) was considered statistically significant. 

Results

Patients

Of 1,370 patients referred to the cardiology and respiratory 
specialist clinics during the study timeframe, 122 patients 
who were referred with chronic dyspnoea met the inclusion 
criteria and were analysed further (Table 1). The patients 
were primarily from an older population with multiple 
comorbidities. One hundred and five (86%) were referred 
from primary care and 17 (14%) were from other specialist 
clinics in the hospital (cardiology, thoracic medicine, 
cardiothoracic surgery and internal medicine). Fifty-four 
percent of patients were initially referred to cardiology 
clinics and 46% to respiratory clinics. In the majority of 
referrals (66%), chronic dyspnoea was stated as a presenting 
issue, with the next most common presentation being 
COPD (7%) and CCF (7%) (Table 1).
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Table 1 Patient demographics, with comparison between evident diagnosis and non-evident diagnosis groups*

Demographic Evident diagnosis [%] Non-evident diagnosis [%] Total [%] P value

N 74 [61] 48 [39] 122

Age (mean ± SD) 64±16 62±14 63±16 0.47

Gender 0.58

Male 35 [47] 20 [42] 55 [45]

Female 39 [53] 28 [58] 67 [55]

Criteria for inclusion <0.001 

Chronic dyspnoea† 38 [51] 43 [90] 81 [66]

Asthma 2 [2.7] 0 (0) 2 [1.6]

Bronchiectasis 2 [2.7] 0 (0) 2 [1.6]

Chronic obstructive pulmonary disease 8 [11] 0 [0] 8 [6.6]

Pleural disease 1 [1.4] 0 [0] 1 [0.8]

Congestive cardiac failure 8 [11] 0 [0] 8 [6.6]

Other 15 [20] 5 [10] 20 [16]

Comorbidities 

Atrial fibrillation 12 [16] 4 [8] 16 [13] 0.28

Supraventricular tachycardia 1 [1.4] 0 [0] 1 [0.8] 1.0

Arrhythmia (other) 6 [8.1] 0 [0] 6 [4.9] <0.05

Cardiac arrest 1 [1.4] 0 [0] 1 [0.8] 1.0

Congestive cardiac failure 12 [16.2] 1 [2.1] 13 [11] <0.05

Cerebrovascular accident 2 [3] 2 [4.2] 4 [3.3] 0.65

Transient ischaemic attack 5 [6.8] 2 [4.2] 7 [5.7] 0.70

Hypertension 39 [53] 23 [48] 62 [51] 0.71

Ischaemic heart disease 22 [30] 9 [19] 31 [25] 0.21

Dyslipidemia 24 [32] 23 [48] 47 [39] 0.09

Myocardial infarction 3 [4.1] 1 [2.1] 4 [3.3] 1.0

Peripheral artery disease 5 [6.8] 1 [2.1] 6 [4.9] 0.40

Percutaneous intervention/coronary artery bypass graft 11 [15] 11 [23] 22 [18] 0.34

Valvular heart disease 16 [22] 7 [15] 23 [19] 0.36

Valve replacement/repair 4 [5.4] 4 [8.3] 8 [6.6] 0.71

Asthma 24 [32] 15 [31] 39 [32] 1.0

Bronchiectasis 5 [6.8] 1 [2.1] 6 [4.9] 0.40

Chronic obstructive pulmonary disease 22 [30] 8 [17] 30 [25] 0.13

Interstitial lung disease 3 [4.1] 0 (0) 3 [2.5] 0.28

Lung resection 1 [1.4] 0 (0) 1 [0.8] 1.0

Chronic kidney disease 8 [11] 3 [6] 11 [9] 0.52

Table 1 (continued)
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Table 1 (continued)

Demographic Evident diagnosis [%] Non-evident diagnosis [%] Total [%] P value

Diabetes mellitus 14 [19] 8 [17] 22 [18] 0.81 

Thyroid disease 12 [16] 8 [17] 20 [16] 1.0

Cancer (active) 2 [2.7] 1 [2.1] 3 [2.5] 1.0

Cancer (previous) 10 [13.5] 4 [8.3] 14 [12] 0.56

Gastro oesophageal reflux disease 16 [22] 20 [42] 36 [30] <0.05

Obstructive sleep apnoea 14 [19] 5 [10] 19 [16] 0.31

Anxiety 17 [23] 12 [25] 29 [24] 0.83

Anaemia 5 [6.8] 4 [8.3] 9 [7.4] 0.74

Rheumatic/connective tissue disorder 10 [14] 8 [17] 18 [15] 0.80

Other 19 [26] 11 [23] 30 [25] 0.83

Smoking 0.74

Current smoker 8 [11] 5 [10] 13 [11]

Former smoker 24 [32] 20 [42] 44 [36]

Never smoker 29 [39] 17 [35] 46 [38]

Smoking history not available 13 [18] 6 [13] 19 [16]

Referral^

Initial respiratory referral 37 [50] 19 [39] 56 [46] 0.27

Initial cardiology referral 37 [50] 30 [61] 67 [54] 0.20

P values in italics suggest that significance of <0.05. *, data collected from correspondence between referring clinician and specialist 
clinician; †, meeting this criteria does not necessitate that chronic dyspnoea was undifferentiated; ^, one patient was simultaneously 
referred to both respiratory and cardiology.

Evident and non-evident diagnoses at time of referral

Review of referral letters found that 74 (61%) patients had 
an evident diagnosis from their referring doctor, whereas 
48 (39%) had a non-evident diagnosis (Table 1). There 
were no significant differences in age or gender between 
these categories. The vast majority (90%) of non-evident 
diagnoses met inclusion criteria (I) where chronic dyspnoea 
was the stated reason for referral. However, only 51% of 
evident diagnoses mentioned chronic dyspnoea (P<0.001). 
There were no significant differences in prevalence of 
coexisting medical conditions demonstrated between non-
evident diagnoses and evident diagnoses, except for the 
presence of arrhythmias, CCF or gastro-oesophageal reflux 
disease (Table 1). There were no significant differences in 
smoking history nor the initial referral clinic (cardiology 
or respiratory) between non-evident diagnoses and evident 
diagnoses. 

Final diagnoses

A definitive final diagnosis, at 6 months after referral to the 
specialist clinic, was reached in 62% of patients presenting 
with chronic dyspnoea, whereas no diagnosis or an uncertain 
diagnosis remained in 38% of patients at that point in time 
(Table 2). No significant association was found between the 
referral confidence of a diagnosis (evident diagnosis versus 
non-evident diagnosis) and whether a final diagnosis was 
reached. Table 3 shows the frequency of provisional diagnoses 
provided by the referring clinician, compared to the 
frequency of final diagnoses provided by the specialist clinic. 
There were 92 additional diagnoses identified by specialists 
compared to the referring clinician, 30 being related to 
deconditioning. At the time of analysis of specialist clinic 
letters (6 months after referral), 19 patients were awaiting 
investigations, 43 were awaiting further review in the 
specialist clinic, and 10 had been referred to other specialties.
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Table 3 Comparison of initial evident or non-evident diagnosis with whether a definitive final diagnosis was reached

Evident or non-evident 
initial diagnosis 

Definitive final diagnosis [%] Uncertain final diagnosis [%] No final diagnosis [%] Total P value 

Evident diagnosis 48 [65] 19 [26] 7 [9] 74 0.78

Non-evident diagnosis 28 [58] 15 [31] 5 [10] 48

Total 76 [62] 34 [28] 12 [10] 122

Percentages add to 100% or close to 100% across rows.

Table 2 Frequency of provisional diagnoses and final diagnoses

Condition
Provisional diagnosis 

(by the referrer)
Final diagnosis (definitive final diagnosis by 

specialist clinic 6 months after referral)
Additional diagnoses made 

by the specialist clinic*

Atrial fibrillation 4 5 1

Anaemia 0 3 3

Anxiety/depression 0 4 4

Arrhythmia 1 7 6

Asthma 12 21 9

Bronchiectasis 4 5 1

Cancer (all) 6 8 2

Cardiomyopathy 4 9 5

Congestive cardiac failure (CCF) 13 10 3

Chest wall dysfunction 0 0 0

Chronic pulmonary embolism (PE) 4 6 2

Chronic pneumonia 0 2 2

Chronic obstructive pulmonary 
disease (COPD)

20 28 8

Coronary ischaemia 12 20 8

Deconditioning 3 33 30

Interstitial lung disease (ILD) 5 5 0

Other 13 24 11

Pericardial disease 0 0 0

Pleural disease 4 5 1

Supraventricular tachycardia (SVT) 1 1 0

Valvular heart disease 9 11 2

Total 115 207 98

Total number of diagnoses exceed number of participants as patients may present with multiple diagnoses. *, additional diagnoses refer to 
diagnoses not mentioned by the referring clinician, identified by the specialist clinic. 
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Concordance between provisional and final diagnosis

When comparing the provisional referral diagnosis and final 
specialist clinic diagnosis at 6 months after referral, 26% 
of patients had fully concordant diagnoses, 26% partially 
concordant and 48% non-concordant (Table 4). Evident 
diagnoses were more likely than non-evident diagnoses to 
show concordance between provisional and final diagnoses 
(P<0.001), with 35% of evident diagnoses being fully 
concordant compared to the 13% of non-evident diagnoses. 
Conversely, 85% of non-evident diagnoses were non-
concordant, compared to 23% of evident diagnoses. 

Appropriateness of referral to a cardiology or respiratory 
clinic

Appropriate referral to a respiratory or cardiology clinic was 
assessed by observing the match between the patient’s final 
diagnoses and the clinic to which the patient was referred. 
Fifty-one percent of patients were appropriately referred, 

39% partially appropriately referred and 11% of patients 
were referred to an inappropriate specialist clinic (Table 5). 
There was no significant association between the referring 
confidence of a diagnosis and appropriateness of referral.
 

Investigations

The list of investigations performed is shown in Table S1.  
No statistically significant differences were observed 
between evident diagnoses and non-evident diagnoses, for 
the range of investigations performed for the workup of 
chronic dyspnoea (Table 6), concordance rates, referral to the 
appropriate clinic or whether a final diagnosis was reached 
(Table 7). The majority of chest CT scans were performed 
in patients with evident diagnoses and of these, nearly all 
were found to be abnormal, leading to a greater chance of 
reaching a final diagnosis. For other investigations, there 
was no significant correlation between whether an abnormal 
investigation was found and the confidence of a diagnosis or 

Table 4 Concordance between provisional (initial referral) diagnosis and final specialist clinic diagnosis

Concordance Fully concordant* [%] Partially concordant [%] Non-concordant [%] Total P value

Evident diagnosis 26 [35] 31 [42] 17 [23] 74 <0.001

Non-evident diagnosis 6 [13] 1 [2.1] 41 [85] 48

Total 32 [26] 32 [26] 58 [48] 122

Percentages add to 100% or close to 100% across rows. *, 5 patients classified as fully concordant did not have an identifiable referring 
or final diagnosis. 

Table 5 Appropriateness of referral to cardiology or respiratory clinic

Referral appropriateness Evident diagnosis [%] Non-evident diagnosis [%] Total [%] P value

Referral to cardiology or respiratory clinic 0.62

Appropriate 40 [54] 22 [46] 62 [51]

Partially appropriate 26 [35] 21 [44] 47 [39]

Inappropriate 8 [11] 5 [10] 13 [11]

Percentages add to 100% or close to 100% down columns.

Table 6 Range of investigations performed

Range of Investigations* Evident diagnosis Non-evident diagnosis P value

Referring doctor 3 [1–5] 3 [1–5.75] 0.71

Specialist clinic 3 [2–4.25] 3 [1–4.75] 0.44

Total 7 [4–9] 6 [4–8.75] 0.82

Data presented as median [Q1–Q3]. *, range of investigations refers to the number of various investigations utilised.
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Table 7 Effect of range of investigations on concordance, diagnosis reached and appropriateness of referral

Parameter Number of patients Range of investigations* (mean ± SD) P value

Concordance 0.88

Fully-concordant 32 6.6±4.1

Partially concordant 32 6.7±3.3

Non-concordant 58 7.0±4.2

Diagnosis reached 0.10

Certain 76 6.5±3.4

Uncertain 34 8.0±4.8

None 12 5.7±3.3

Appropriateness of referral 0.93

Appropriate 62 6.7±4.1

Partially appropriate 47 7.0±3.8

Inappropriate 13 7.0±3.5

*, variety of investigations refers to the number of various investigations utilised by both referrer and specialist.

whether a diagnosis was reached (Tables S1-S3).

Number of diagnoses and multifactorial causes of chronic 
dyspnoea

A single final diagnosis of chronic dyspnoea was more 
common than multifactorial final diagnoses (Table 8). There 
were no statistically significant differences in frequency of 
single or multifactorial causes between evident diagnoses 
and non-evident diagnoses (Table 8). The mean number 
of diagnoses for patients with partially-concordant 
diagnoses was significantly higher than for patients with 
fully concordant and non-concordant diagnoses (P<0.001) 
(Table 9). A significant association was found between 
concordance and whether there was a multifactorial 
diagnosis (P<0.001). Single final diagnoses were more likely 
to be concordant, although there was still a high prevalence 
of partial or non-concordance (Table 8). Few of the patients 
with multifactorial causes for their chronic dyspnoea 
demonstrated concordance. No significant association was 
found between the presence of a multifactorial diagnosis 
and appropriateness of referral (Table 8). 

Clinic visits 

There was no statistically significant difference in 
concordance, evident diagnosis versus non-evident diagnosis 

status, or whether a final diagnosis was reached, based on 
the number of clinic visits attended during the study period 
(data not shown).

Discussion

Main findings

The primary outcome of this study was to determine the 
degree of difficulty in the diagnosis of the cause of chronic 
dyspnoea in patients referred from primary care to cardiac 
or respiratory specialist clinics in tertiary care. Thirty-
nine percent of patients did not have an evident diagnosis 
of the cause of the chronic dyspnoea stated in the referral 
letter, indicating a high degree of diagnostic difficulty in 
this referred cohort. Full concordance between the initial 
diagnosis stated by the referrer and the final specialist clinic 
diagnosis at 6 months after referral was present in only 26% 
of patients. However, full or partial concordance was found 
in 52%. At 6 months after referral to a specialist clinic, a 
definitive final diagnosis had been reached in only 62% 
of patients, whilst 28% still had an uncertain diagnosis, 
and 10% had no final diagnosis reached. The range of 
investigations ordered was not associated with diagnostic 
confidence, concordance between provisional and final 
diagnoses, or appropriateness of referral to cardiology 
or respiratory clinics. These results demonstrate the 
considerable complexities that occur in the diagnosis of the 
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aetiology of chronic dyspnoea in both primary care and 
tertiary care.

Confidence of initial diagnoses

To our knowledge, this is the first study to critically analyse 
the patient referral letter, in order to ascertain the degree of 
diagnostic confidence of the referrer. Our study revealed a 
relatively high frequency of patients referred with chronic 
dyspnoea in which the diagnosis was not initially clearly 
evident to the referrer (non-evident diagnosis). This reflects 
the considerable proportion of patients referred to specialist 
clinics with a diagnostic problem of determining the actual 
cause of the dyspnoea, where a diagnosis is required before 

definitive management can be implemented based on the 
underlying pathophysiology of the specific condition (14,15). 
Nevertheless, there were also some patients referred who 
already had a diagnosis made by the referrer (evident 
diagnosis), for whom management advice was being 
sought. As this study retrospectively classified the level of 
confidence of the referrer in their provisional diagnosis, 
future prospective validation of diagnostic confidence would 
be worthwhile. 

Success at reaching a final diagnosis

Reaching a timely final diagnosis of the cause of chronic 
dyspnoea is a complex pathway in some patients. We 

Table 8 Single versus multifactorial final diagnoses and an initial evident diagnosis, concordance and appropriateness of referral

Parameter Single final diagnosis [%] Multifactorial final diagnosis* [%] P value

Total 78 [100] 44 [100]

Evident or non-evident diagnosis 0.30

Evident diagnosis 50 [64] 24 [55]

Non-evident diagnosis 28 [36] 20 [45]

Concordance <0.001

Fully concordant 30 [39] 2 [5]

Partially concordant 13 [17] 19 [43]

Non-concordant 35 [45] 23 [52]

Appropriateness of referral 0.37

Appropriate 36 [46] 26 [59]

Partially appropriate 32 [41] 15 [34]

Inappropriate 10 [13] 3 [7]

P value in italics suggests that significance of <0.05. Percentages add to 100% or close to 100% down columns. *, patients were 
determined to be multifactorial depending on whether the specialist clinician determined the diagnoses to be associated/contributing to 
the patient’s chronic dyspnoea. Patients without a definitive final diagnosis (n=12) were considered non-multifactorial and provisionally 
grouped as having a single diagnosis.

Table 9 Diagnostic concordance and number of final diagnoses

Concordance Number of final diagnoses (mean ± SD) Significance 

Fully concordant 0.81±0.54 P<0.001

Partially concordant 2.2±1.2

Non-concordant 1.2±1.0

Data presented as mean ± SD. Post-hoc testing conducted via Bonferroni post-hoc; P<0.001 when comparing fully concordant to partially 
concordant; P<0.001 when comparing partially concordant to non-concordant.
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selected a 6-month timeframe for review of the status of the 
diagnosis, to allow sufficient time for at least one specialist 
clinic attendance to have occurred. At that point in time, 
we observed that the specialist clinic was uncertain of the 
diagnosis in 38% of patients, and could not identify a final 
diagnosis in 10% of patients. This is similar to rates found 
in primary audits (8-10). There was no significant association 
between the confidence of the provisional diagnosis and the 
ability of the specialist clinic to reach a definitive diagnosis, 
indicating that high perceived confidence in the referring 
diagnosis does not necessarily guarantee that a definitive 
diagnosis will be reached within 6 months, and vice versa. 
Although insufficient number of clinic visits attended to make 
a diagnosis could conceivably be a factor (e.g., with longer 
waiting times to be seen in the first clinic visit), the number 
of clinic visits during the study period was not statistically 
associated with whether a final diagnosis was reached. 
Another potential reason for the lack of definitive diagnosis is 
the intrinsic difficulty in patients with multifactorial causes. It 
would be informative to explore these issues in future studies, 
extending the follow up time and determining the time 
required to work up an undifferentiated and/or multifactorial 
presentation of chronic dyspnoea.

Diagnostic concordance

Improving diagnostic concordance between the referrer and 
the specialist clinic would enhance timeliness and accuracy 
of diagnosis, to allow treatment to commence earlier. Our 
study found a high degree of non-concordance between the 
provisional (referrer) diagnosis and the final diagnosis by the 
specialist clinic at 6 months, with over 70% of patients not 
having a fully concordant diagnosis, including 48% of patients 
with completely non-concordant diagnoses. A high degree 
of non-concordance between initial and final diagnoses 
was reported in a previous study, in which over 60% of 
patients eventually had a non-concordant diagnosis (7).  
In our study, patients with evident diagnoses made by the 
referrer demonstrated a significantly higher proportion of 
fully and partially-concordant diagnoses (77%) compared 
to non-evident diagnoses (15%), suggesting that the higher 
the certainty of the initial provisional diagnosis, the more 
likely that the diagnosis is accurate. However, this is not an 
absolute relationship, since diagnostic non-concordance was 
frequent even among those referred with high diagnostic 
confidence. Factors that may increase the diagnostic 
accuracy of the provisional diagnosis by referrers include 
classical clinical presentations of typical and common causes 

of chronic dyspnoea, clear-cut physical findings that indicate 
a diagnosis, and simple or accessible investigations that 
lead directly to a single diagnosis. Optimising diagnostic 
pathways based on these factors should be undertaken in 
future diagnostic studies. 

Appropriateness of referral

Appropriate referral destination would enhance efficiency and 
reduce time to final diagnosis for patients to chronic dyspnoea. 
In this study, appropriate or partially appropriate referral was 
observed in 90% of patients, which was higher than the 64% 
found in a previous study (7). Referral to the appropriate 
speciality clinic was not associated with evident diagnosis made 
by the referrer, indicating that although a specific diagnosis 
may not be evident, there is still often sufficient information 
available to the referrer to make a reasonable choice about 
referral to the appropriate cardiology or respiratory clinic (16). 
Future studies should determine whether clinical algorithms 
differentiating cardiac or respiratory features would lead to 
more efficient diagnostic processes.

Impact of investigations performed

Investigations are helpful for ruling in or ruling out 
diagnoses suspected after a thorough history and physical 
examination (16). We hypothesised that an undifferentiated 
presentation of chronic dyspnoea would lead to a broader 
diagnostic workup with increased need for specialised 
investigations. However, no statistically significant 
association was found between the variety of investigations 
conducted,  compared to diagnostic concordance, 
appropriateness of referral or ability to reach a final 
diagnosis. Although these findings may be related to small 
sample size, our study does suggest that the number of 
investigations was not found to affect diagnostic ability. 

Nevertheless, the relevance of each investigation 
performed needs to be considered. Spirometry is useful for 
diagnosing chronic airflow obstruction [and is the defining 
feature in COPD (17)]; however, abnormal spirometry 
does not always correlate with the presence of respiratory 
symptoms, and vice versa (18). Other simple initial diagnostic 
tests are useful and are commonly performed in chronic 
and acute dyspnoea [including chest X-ray (19), ECG, 
blood tests]. In our study, CT chest scans were more often 
abnormal for evident diagnoses than non-evident diagnoses, 
especially in GP. Overall, we found abnormal investigation 
results increased confidence in specific diagnoses, whilst 
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relevant negative findings were less influential. Whilst some 
clinical algorithms already exist (5,7,10-13), further work 
needs to be done to formulate a stepwise guideline to the 
selection of relevant investigations in the diagnostic pathway, 
and then to overcome barriers to implementation of these 
clinical guidelines to clinical practice (20). 

Multifactorial causes of chronic dyspnoea

Although respiratory and cardiovascular conditions are the 
most common causes of chronic dyspnoea, multifactorial 
aetiologies have been reported in up to 40% of patients (7), 
with similar rates replicated in our study (36%). Multiple 
causes of chronic dyspnoea in a patient complicated the 
diagnostic workup, with single diagnoses more likely to 
be concordant between referrer and specialist clinic in 
our present study. The number of diagnoses identified 
was higher in patients with partially concordant diagnoses 
than those with fully or non-concordant patients, which 
is understandable since multiple diagnoses increase the 
difficulty of achieving full concordance. Deconditioning 
was more frequently identified by the specialist clinic as an 
additional diagnosis, potentially indicating under-diagnosis 
of deconditioning in primary care. Consequently, our study 
demonstrates that the multifactorial nature of the chronic 
dyspnoea in some patients increases the level of diagnostic 
complexity, as highlighted by others (21). 

Potential limitations

Several potential limitations should be considered. Firstly, 
we utilized a retrospective method of data collection with 
data extracted from referral letters, which may not always 
accurately reflect the referring doctor’s views, depending on 
how much detail was included in the letter. Nevertheless, 
this was the level of detail available to the specialist clinic, 
and the letter is a written indication of the opinions of 
the referring doctor at the point of referral. Secondly, a 
proportion of patients were still awaiting investigations or 
further specialist review at the selected timepoint of 6 months 
after referral. These patients could have received a definitive 
final diagnosis given longer follow-up time, and consequently 
the proportion of patients assigned a final diagnosis may 
have been underestimated. However, patients and referring 
clinicians would generally expect that the majority of 
diagnoses would ideally be made within 6 months of referral. 
Thirdly, although two independent reviewers assessed the 
levels of diagnostic confidence and diagnostic concordance, 

there is potentially a small risk of observer bias. Hence, a 
prospective observational study, with data collected directly 
from clinicians, is recommended to confirm our findings, 
and subsequently develop diagnostic algorithms based on the 
most efficient and effective pathways to single and multiple 
diagnoses of the cause(s) of chronic dyspnoea. 

Conclusions

This study has identified a considerable degree of difficulty 
in diagnosing the cause of chronic dyspnoea in adults seen 
in primary care and tertiary care settings. Over one-third 
of adult patients referred with chronic dyspnoea to the 
cardiology or respiratory specialist clinics had diagnoses 
that were considered uncertain by their referrer. At 6 
months after referral, only one-quarter of patients had 
diagnoses that were fully concordant between referrer and 
specialist clinic, and one-third of patients still did not have 
a final definitive diagnosis. Multiple diagnoses were more 
difficult to definitively diagnose than single diagnoses 
causing chronic dyspnoea. The number of investigations 
was not associated with an initial evident diagnosis by the 
referrer, or concordance of diagnoses between referrer and 
specialist clinic.

Our findings demonstrate diagnostic complexity of 
chronic breathlessness in adults, both in primary care and 
tertiary care. Clinicians should aim to make a diagnosis of 
the cause of chronic dyspnoea based on history, examination 
and standard investigations. If this approach does not yield 
a single evident diagnosis, then referral to the specialty 
clinic that is considered most appropriate (cardiology or 
respiratory) should be made, based on the best judgment of 
the referring clinician. Given the demonstrated complexity 
of diagnosis of the cause of chronic dyspnoea, the 
development of an effective and comprehensive diagnostic 
algorithm for chronic dyspnoea is recommended, to 
improve current standards of care.
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Table S1 Comparison of investigations performed by referring doctor and specialist clinic

Investigation Evident diagnosis Non-evident diagnosis Total P value

Arterial blood gas –

Referring doctor 0 0 0

Specialist clinic 0 0 0

Total 0 0 0

Ankle brachial index 0.32

Referring doctor 0 0 0

Specialist clinic 2 1 3

Total 2 1 3

Albumin: creatinine 0.53

Referring doctor 4 3 7

Specialist clinic 0 1 1

Total 4 4 8

Brain natriuretic peptide 0.33

Referring doctor 1 1 2

Specialist clinic 0 1 1

Total 1 2 3

HDL: total 0.28

Referring doctor 10 11 21

Specialist clinic 2 0 2

Total 11 11 22

C-reactive protein 0.51

Referring doctor 8 3 11

Specialist clinic 1 2 3

Total 9 4 13

Chest X-ray 0.72

Referring doctor 28 17 45

Specialist clinic 22 12 34

Total 41 25 66

Electrocardiogram 0.16

Referring doctor 9 9 18

Specialist clinic 28 24 52

Total 32 27 59

Electrolytes & liver function tests 0.09

Referring doctor 28 23 51

Specialist clinic 7 6 13

Total 30 27 57

Full blood count 0.21

Referring doctor 27 21 48

Specialist clinic 4 6 10

Total 30 25 55

Iron studies 0.97

Referring doctor 6 3 9

Specialist clinic 0 1 1

Total 6 4 10

HbA1c 0.48

Referring doctor 5 4 9

Specialist clinic 0 1 1

Total 5 5 10

Megaloblastic screen 0.36

Referring doctor 3 3 6

Specialist clinic 0 1 1

Total 3 4 7

Pulmonary function tests 0.89

Referring doctor 8 10 18

Specialist clinic 38 20 58

Total 38 24 62

Troponins 0.11

Referring doctor 1 4 5

Specialist clinic 0 0 0

Total 1 4 5

Computed tomography chest 0.044

Referring doctor 14 3 17

Specialist clinic 15 6 21

Total 22 7 29

CTCA 0.85

Referring doctor 3 2 5

Specialist clinic 1 2 3

Total 4 3 7

CTPA 0.76

Referring doctor 0 1 1

Specialist clinic 4 2 6

Total 4 2 6

6MWT 0.95

Referring doctor 1 0 1

Specialist clinic 8 5 13

Total 8 5 13

Bronchoscopy 0.024

Referring doctor 1 0 1

Specialist clinic 5 0 5

Total 5 0 5

Cardiac stress test 0.34

Referring doctor 1 0 1

Specialist clinic 3 5 8

Total 4 5 9

CPET 0.83

Referring doctor 1 0 1

Specialist clinic 1 1 2

Total 2 1 3

CT (general) 0.008

Referring doctor 18 4 22

Specialist clinic 24 8 32

Total 32 10 42

Echocardiogram 0.27*

Referring doctor 24 17 41

Specialist clinic 45 20 65

Total 52 29 81

Holter monitor 0.912

Referring doctor 2 1 3

Specialist clinic 5 2 7

Total 5 3 8

MRI 0.083

Referring doctor 0 0 0

Specialist clinic 3 0 3

Total 3 0 3

PET 0.045

Referring doctor 1 0 1

Specialist clinic 4 0 4

Total 4 0 4

Thoracocentesis 0.16

Referring doctor 2 0 2

Specialist clinic 1 0 1

Total 2 0 2

Ultrasonography 0.34

Referring doctor 3 3 6

Specialist clinic 1 2 3

Total 4 5 9

Ventilation perfusion scan 0.16

Referring doctor 4 0 4

Specialist clinic 8 2 10

Total 8 2 10

HRCT 0.24

Referring doctor 3 0 3

Specialist clinic 6 2 8

Total 7 2 8

Other initial investigations 0.97

Referring doctor 3 4 7

Specialist clinic 8 5 13

Total 11 7 18

Other further investigations 0.47

Referring doctor 17 10 27

Specialist clinic 15 14 29

Total 29 22 51

*, P value 0.039 when comparing only echocardiograms performed by specialist clinic. P values in italics suggest that significance of 
<0.05. HDL, high-density lipoproteins; CTCA, computed tomography coronary angiogram; CTPA, computed tomography pulmonary 
angiogram; 6MWT, 6-minute walk test; CPET, cardiopulmonary exercise testing; MRI, magnetic resonance imaging; PET, positron emission 
tomography; USS, ultrasonography; HRCT, high resolution computed tomography.
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Table S2 Effect of investigation outcome on confidence of diagnosis, concordance and whether diagnosis was reached 

Investigation 
Confidence of diagnosis Concordance Diagnosis reached

Evident diagnosis Non-evident diagnosis Total P value Fully Non-concordant Partially Total P value Definitive diagnosis No diagnosis Uncertain diagnosis Total P value 

Total 74 48 122 32 58 32 122 76 12 34 122

6MWT

Normal 0 1 1 0 1 0 1 1 0 0 1

Abnormal 9 3 12 3 6 3 12 8 2 2 12

Total 9 4 13 0.31 3 7 3 13 0.63 9 2 2 13 0.79

Bronchoscopy 

Normal 0 0 0 0 0 0 0 0 0 0 0

Abnormal 3 0 3 1 1 1 3 3 0 0 3

Total 3 0 3 – 1 1 1 3 – 3 0 0 3 –

Cardiac stress test

Normal 2 1 3 1 1 1 3 2 0 1 3

Abnormal 0 0 0 0 0 0 0 0 0 0 0

Total 2 1 3 – 1 1 1 3 – 2 0 1 3 –

CPET

Normal 0 0 0 0 0 0 0 0 0 0 0

Abnormal 1 0 1 0 1 0 1 0 0 1 1

Total 1 0 1 – 0 1 0 1 – 0 0 1 1 –

MRI

Normal 2 0 2 1 0 1 2 2 0 0 2

Abnormal 1 0 1 0 0 1 1 0 0 1 1

Total 3 0 3 – 1 0 2 3 1 2 0 1 3 0.33

PET

Normal 0 0 0 0 0 0 0 0 0 0 0

Abnormal 2 0 2 1 0 1 2 2 0 0 2

Total 2 0 2 – 1 0 1 2 – 2 0 0 2 –

Thoracocentesis 

Normal 0 0 0 0 0 0 0 0 0 0 0

Abnormal 2 0 2 2 0 0 2 1 0 1 2

Total 2 0 2 – 2 0 0 2 – 1 0 1 2 –

Ventilation perfusion scan

Normal 3 2 5 0 3 2 5 2 1 2 5

Abnormal 5 0 5 2 1 2 5 5 0 0 5

Total 8 2 10 0.44 2 4 4 10 0.22 7 1 2 10 0.12

CTPA

Normal 4 2 6 2 3 1 6 5 0 1 6

Abnormal 0 0 0 0 0 0 0 0 0 0 0

Total 4 2 6 – 2 3 1 6 – 5 0 1 6 –

Vitamin B12

Normal 3 3 6 1 3 2 6 3 1 2 6

Abnormal 0 0 0 0 0 0 0 0 0 0 0

Total 3 3 6 – 1 3 2 6 – 3 1 2 6 –

Bicarbonate

Normal 21 16 37 9 18 10 37 19 5 13 37

Abnormal 4 5 9 2 6 1 9 6 0 3 9

Total 25 21 46 0.71 11 24 11 46 0.54 25 5 16 46 0.46

BNP

Normal 1 0 1 0 1 0 1 1 0 0 1

Abnormal 0 1 1 0 1 0 1 0 0 1 1

Total 1 1 2 1 0 2 0 2 – 1 0 1 2 1

Coronary artery calcium

Normal 1 2 3 0 2 1 3 2 0 1 3

Abnormal 4 1 5 3 2 0 5 4 0 1 5

Total 5 3 8 0.46 3 4 1 8 0.16 6 0 2 8 1

CRP

Normal 6 3 9 2 5 2 9 5 0 4 9

Abnormal 1 1 2 0 1 1 2 2 0 0 2

Total 7 4 11 1 2 6 3 11 0.63 7 0 4 11 0.5

CT

Normal 1 4 5 0 4 1 5 0 0 5 5

Abnormal 27 5 32 9 11 12 32 24 1 7 32

Total 28 9 37 0.008 9 15 13 37 0.14 24 1 12 37 0.002

CXR

Normal 10 12 22 4 14 4 22 11 1 10 22

Abnormal 29 12 41 11 17 13 41 24 4 13 41

Total 39 24 63 0.06 15 31 17 63 0.24 35 5 23 63 0.49

ECG

Normal 16 17 33 8 19 6 33 17 7 9 33

Abnormal 14 9 23 4 11 8 23 15 1 7 23

Total 30 26 56 0.42 12 30 14 56 0.37 32 8 16 56 0.20

Echocardiogram

Normal 6 2 8 0 5 3 8 5 1 2 8

Abnormal 39 23 62 16 27 19 62 38 6 18 62

Total 45 25 70 0.70 16 32 22 70 0.26 43 7 20 70 0.95

eGFR

Normal 20 19 39 8 22 9 39 20 5 14 39

Abnormal 7 4 11 3 5 3 11 7 1 3 11

Total 27 23 50 0.52 11 27 12 50 0.81 27 6 17 50 0.77

Ferritin

Normal 2 2 4 2 0 2 4 1 2 1 4

Abnormal 3 1 4 0 3 1 4 3 0 1 4

Total 5 3 8 1 2 3 3 8 0.07 4 2 2 8 0.22

Folate

Normal 2 2 4 1 1 2 4 2 1 1 4

Abnormal 0 0 0 0 0 0 0 0 0 0 0

Total 2 2 4 – 1 1 2 4 – 2 1 1 4 –

Hb

Normal 17 16 33 7 19 7 33 16 5 12 33

Abnormal 9 4 13 3 5 5 13 7 1 5 13

Total 26 20 46 0.34 10 24 12 46 0.42 23 6 17 46 0.80

HbA1c

Normal 2 2 4 2 2 0 4 4 0 0 4

Abnormal 4 3 7 1 5 1 7 3 1 3 7

Total 6 5 11 1 3 7 1 11 0.38 7 1 3 11 0.17

Holter monitor

Normal 2 2 4 2 1 1 4 2 1 1 4

Abnormal 5 1 6 1 3 2 6 4 1 1 6

Total 7 3 10 0.5 3 4 3 10 0.52 6 2 2 10 0.87

MCV

Normal 18 15 33 7 16 10 33 16 5 12 33

Abnormal 5 4 9 2 5 2 9 6 0 3 9

Total 23 19 42 1 9 21 12 42 0.89 22 5 15 42 0.40

TnI

Normal 1 3 4 0 3 1 4 3 1 0 4

Abnormal 0 0 0 0 0 0 0 0 0 0 0

Total 1 3 4 – 0 3 1 4 – 3 1 0 4 –

WCC

Normal 21 18 39 8 20 11 39 20 5 14 39

Abnormal 4 2 6 2 3 1 6 3 1 2 6

Total 25 20 45 0.68 10 23 12 45 0.72 23 6 16 45 0.97

P values in italics suggest that significance of <0.05. Investigations conducted with no documented results were excluded from this analysis. 6MWT, 6-minute walk test; CPET, cardiopulmonary exercise testing; MRI, magenetic resonance imaging; PET, positron emission 
tomography; CTPA, Computed tomography pulmonary angiogram; CRP, C-reactive protein; CXR, chest X-ray; ECG, electrocardiogram; eGFR, estimated glomerular filtration rate; Hb, haemoglobin; MCV, mean corpuscular volume; TnI, troponin; WCC, white cell count.



Table S3 Effect of outcome of investigations on confidence of diagnosis and concordance 

Investigation outcome Group Mean SD Confidence interval P value 

Abnormal investigations ED 2.41 1.63 0.20 to 1.32

NED 1.65 1.33 0.23 to 1.29 0.006

Normal investigations ED 2.18 2.16 −1.72 to 0.07

NED 3.00 2.81 −1.78 to 0.12 0.087

Total investigations ED 4.58 3.11 −1.24 to 1.11

NED 4.65 3.31 −1.25 to 1.13 0.91

Abnormal investigations Non-concordant 1.97 1.53 1.56 to 2.37

Partially concordant 2.41 1.64 1.81 to 3.00

Fully concordant 2.06 1.52 1.51 to 2.61

Total 2.11 1.56 1.83 to 2.39 0.43

Normal investigations Non-concordant 2.81 2.54 2.14 to 3.48

Partially concordant 2.41 2.28 1.58 to 3.23

Fully concordant 2.03 2.47 1.14 to 2.92

Total 2.50 2.46 2.06 to 2.94 0.35

Total investigations Non-concordant 4.78 3.29 3.91 to 5.64

Partially concordant 4.81 3.17 3.67 to 5.95

Fully concordant 4.09 3.02 3.00 to 5.18

Total 4.61 3.18 4.04 to 5.18 0.57

P value in italics suggests that significance of <0.05. ED, evident diagnosis; NED, non-evident diagnosis.


