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Original Article

High Prevalence of Persistent Breathlessness Following 
Sub-Massive Pulmonary Embolism in Patients Presenting 
to a Large Regional Hospital in South Wales

INTRODUCTION

There is a broad literature exploring the investigation, treatment, management, and outcomes of patients suffering from 
pulmonary embolism (PE) [1-5]. Although chronic thromboembolic pulmonary hypertension (CTEPH) has been widely 
studied [6-7], there is little published work evaluating clinical outcomes for the large majority of individuals surviving PE 
who do not have persistent pulmonary artery thrombus or CTEPH. It was our impression that following sub-massive PE, 
many individuals experience breathlessness. 

MATERIAL AND METHODS

Radiology reports of CT pulmonary angiography (CTPA) performed between 2013 and 2016 for the investigation of sus-
pected acute PE in patients presenting to a large regional hospital in South Wales were reviewed. Hospital, primary care 
records, and CTPA images were reviewed in those patients with radiological evidence of central pulmonary emboli. 
Central pulmonary emboli were defined as those affecting the right or left main pulmonary arteries or the pulmonary 
trunk. This group were further subdivided into those with sub-massive embolism and those with the largest radiological 
clot burden, saddle embolus, clot in the pulmonary trunk, or greater than 50% unilateral or bilateral occlusion of the 
pulmonary arteries. Patients with sub-massive PE were defined as those with elevated troponin I levels and/or echocar-
diologic evidence of right heart strain.

Inpatient 3-month and 2-year mortality, thromboembolic risk factors, and the incidence of persistent breathlessness 3 
months or more after the index pulmonary embolic event were recorded. 
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OBJECTIVE: There is a broad literature exploring the investigation, treatment, management and outcomes of patients suffering from pul-
monary embolism (PE). Chronic thromboembolic pulmonary hypertension (CTEPH) has been studied but less is known about outcomes 
for the large majority of individuals surviving PE who do not have persistent thrombus or CTEPH.

MATERIAL AND METHODS: Radiology, hospital and primary care records were reviewed in patients with central pulmonary emboli 
presenting to a large hospital in South Wales between 2013-16.

RESULTS: 2501 CTPA were reviewed. 380 (15.2%) showed PE and of these 127 (33.4%) involved the main pulmonary arteries or the 
pulmonary trunk. 4 patients received systemic and 1 catheter directed thrombolysis. 16 (12.6%) patients died of PE during the admission. 
Excluding patients dying within 3 months, 49 patients (48.5%) were more SOB than before the pulmonary embolus (73.7 % if there was 
evidence of right heart strain during admission). Of these 6 patients (12.2%) had evidence of persisting PE and/or pulmonary hyperten-
sion. In patients with no evidence of persisting clot or pulmonary hypertension where full lung function was performed there was an 
isolated reduction in gas transfer measurement (mean TLCO 57%).

CONCLUSION: Many patients remain breathless following large volume PE particularly if there is evidence of Right ventricular strain 
at presentation. The pathophysiology is unclear but lung function testing is consistent with persisting damage to the pulmonary vascular 
bed. These findings may allow clinicians to better advise patients of expected outcomes following major pulmonary embolus and may 
avoid unnecessary further investigation.
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Clinical data was not collected for non-central thrombi but 
the relative incidence of central, multiple, or solitary segmen-
tal and/or lobar pulmonary emboli and sub-segmental pul-
monary emboli was determined. Isolated sub-segmental PE 
are not routinely reported by radiologists within our unit 
following the recommendation that these are best left 
untreated if in isolation [5]. When sub-segmental PE has 
been reported, these are included within the analysis. 

Ethical approval for the study was granted by Health 
Research Association (HRA) and Health and Care Research 
Wales (HCRW). Informed consent was not required for this 
study.

Statistical Analysis 
The likelihood of persistent breathlessness in those with mark-
ers of right ventricular (RV) strain compared with those with no 
markers of RV strain was analyzed using the χ2 (chi-squared) 
technique (Excel, Microsoft Corporation, Redmond, USA).

RESULTS

Totally, 2501 CTPA were examined, 380 (15.2%) of which 
showed pulmonary emboli and of these 127 (33.4%) 
involved the main pulmonary arteries or the pulmonary trunk 
(Figure 1). Of these 127 patients, 19 (14.9%) had a previous 
history of thromboembolism, 17 (13.4%) recent surgery, 31 
(24.4%) known malignancy, and six (4.7%) had cancer iden-
tified subsequently (Figure 2). In 53 patients (41.7%), throm-
boembolism was unprovoked. Four patients received sys-
temic and one catheter directed thrombolysis. Sixteen 
(12.6%) patients died of PE during the admission, and a fur-
ther 10 (7.9%) patients within three months of admission. 
The 3-month and 2-year mortality were 20.5% and 29.5%, 
respectively. 

Three months or more after the pulmonary embolic event, 
and excluding patients dying within 3 months, 49 patients 
(48.5%) said that they were more short of breath (SOB) than 
before the pulmonary embolus (Figure 3). If troponin I level 
was elevated at admission, this increased to 61.5%. If there 
was both troponin elevation and echocardiologic evidence 
of RV strain, 73.7 % reported breathlessness after three 
months (p=0.01) compared with those with no markers for 
RV strain) (Table 1). Conversely, if there were no markers for 
RV strain, then only 34.5% reported breathlessness.

Of the 127 patients with central PE, 10 (7.9%) had preexist-
ing COPD, 7 (5.9%) asthma, and 11 (8.6%) cardiac condi-
tions, whereas 94 (74.0%) had no prior diagnosis of cardio-

respiratory disease. Of the 49 patients with persistent SOB at 
three months, nine patients (18.4%) had preexisting cardio-
respiratory disease. In the analysis, only those patients in 
whom the increased SOB was not attributable to co-existing 
disease were included.

When the volume of proximal clot burden was quantified 
radiologically, whether the clot was >50% occlusive of the 
pulmonary artery, within the pulmonary trunk, or whether 
there was evidence of bilateral clot with a saddle embolus did 
not affect the incidence of breathlessness at follow-up when 
compared with those with less extensive proximal clot burden. 

Of the 49 patients reporting persistent breathlessness, only 
six (12.2%) had evidence of persisting clot on CTPA and/or 
pulmonary hypertension at repeat echocardiography. 

In patients with no evidence of persisting clot or pulmonary 
hypertension for whom full lung function was performed, 
there was an isolated reduction in gas transfer measurement 
(mean TLCO 57%).

DISCUSSION

This study showed that 3 months or more after developing 
central PE, 48% of the patients report persistent breathless-
ness not explained by co-existing cardiorespiratory disease. 
Those suffering sub-massive PE are more likely to complain 
of persistent breathlessness than those without echocardio-
logic or biochemical evidence of hemodynamic compromise 
at presentation.

Previous Studies
The finding that around 50% of patients suffer persistent 
breathlessness following PE is broadly consistent with the 
few studies where long-term outcomes have been reported. 
In a retrospective study of 217 patients following PE, 36% 
were found to be breathless after a mean of 3.6 years [8]. In 
76% of these patients, the breathlessness was worse than 
before the PE. In a further study, CPET (cardiopulmonary 
exercise testing) was performed 1 year after PE in a popula-
tion without previously known cardiorespiratory disease [9]. 
Forty of the 86 patients (46%) were found to have a VO2 max 

MAIN POINTS

• Persistent breathlessness is common after large volume 
pulmonary embolism.

• The incidence of persistent breathlessness is highest 
in patients with evidence of right ventricular strain at 
presentation.

• A minority of patients with persistent symptoms have 
evidence of chronic thromboembolic pulmonary 
hypertension (CTEPH).

Figure 1. Site of pulmonary embolism
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<80% predicted although this study did not have baseline 
values for comparison. In a prospective study, 127 patients 
with no known cardiorespiratory illness were followed up at 
six months post PE [10]. Forty-five patients (41%) had one or 
more of RV abnormalities, NYHA breathlessness >2, or 
6MWD <330 m2. Other similarly small studies have shown 
comparable findings [11, 12].

This is the only study to date reporting clinical outcomes for 
large volume PE and the first study showing an association 
between the degree of hemodynamic compromise at presen-
tation and the likelihood of persistent symptoms after treat-
ment.

Strengths and Weaknesses
In our unit, CTPA is the investigation of choice for PE. VQ 
(ventilation/perfusion) scanning is not routinely available for 
the investigation of PE and is only rarely performed and never 
over the period of this study for the investigation of acute PE 
unless a CTPA had been done first. The database of all CTPA, 
therefore, captures practically all acute PE diagnosed in our 
unit. This avoids the potential bias associated with the use of 
VQ or perfusion scanning in certain patient subgroups 
including during pregnancy or in fitter patients where there 
is less hemodynamic upset at presentation.

This was a retrospective study and, as such, there was no 
control over the completeness of the clinical record or of 
investigations. This may affect the precision of the results. For 
example, investigation for RV strain was not done in all 
patients with central PE. Although a majority of the surviving 
patients were followed up after 3 months, in a third of the 
patients, the clinical record did not indicate whether the 
patient still experienced breathlessness. The analysis assumed 
that all these patients were not breathless, and so the value 
of 48% may be an underestimate of the true value. Conversely, 
echocardiography and assessment of RV function may have 
been done less often at presentation in more stable, less 
symptomatic patients. Had echocardiography been per-
formed for everyone at presentation, some of these more 
stable patients may have shown signs of RV strain, and thus 
assuming that these patients remained less symptomatic, the 
value of 73% for breathlessness in the group with RV strain 
may be an overestimate. 

In addition, clinicians as a part of their routine practice, did 
not record validated measures of breathlessness and only 
recorded whether or not the patient was more breathless 
than before the thromboembolic event. Because of this, for 
most patients, it was only possible to record breathlessness in 
a binary fashion-yes or no. Where breathlessness was quanti-

Table 1. The incidence of persistent shortness of breath 
after central pulmonary embolism with or without 
markers for right ventricular strain

  Comparison  
  with 
 Persistent SOB  No RV strain 
 (%) (χ2)

All  49/101 (48.5)  

No RV strain  20/58 (34.5)  

Troponin rise alone 24/39 (61.5) p=0.15

Troponin rise or Echo RV strain  29/43 (67.4)  p=0.05

Troponin rise and Echo RV strain  14/19 (73.7)  p=0.01 

Echo: echocardiogram; RV: right ventricular; SOB: shortness of breath

Figure 3. Persistent shortness of breath after pulmonary embolism
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fied, this was a descriptive assessment and, in most cases, 
recorded as ‘mild’ or ‘minor.’ In three patients where there 
was no evidence of residual blood clot or pulmonary hyper-
tension, the persisting breathlessness was recorded as severe 
and/or disabling. VQ scan in one of these patients was 
within normal limits and in all the patients, no other disease 
process was identified as a plausible cause of the breathless-
ness.

The pathophysiology of the persistent symptoms is unclear. 
Persisting perfusion defects were found in 73 of 254 patients 
one year after PE [13]. This is consistent with our observation 
that in the five patients for whom full lung function tests were 
performed, transfer factor was reduced. However, neither 
this study nor ours had baseline examinations to compare, 
although in our study there was no known preexisting lung 
disease. One author suggested that persisting breathlessness 
might be explained by a lack of fitness following a period of 
inactivity post PE [9]. The persistence of breathlessness sev-
eral years after the index event would argue against this 
theory [8].

A high proportion of patients remain short of breath after PE. 
This study suggests that in patients with large volume PE, 
breathlessness may be even more common, particularly in 
those with massive or sub-massive PE. The pathophysiology 
of the breathlessness is unclear, but our observations and 
those from previous studies are consistent with persisting 
damage to the pulmonary vascular bed.

The persistence of breathlessness after PE is not widely rec-
ognized by healthcare professionals. It is not mentioned in 
common undergraduate textbooks [14-16] and does not 
feature in patient information literature produced by promi-
nent lung and PE organizations and charities (British Lung 
Foundation, Thrombosis UK, NHS helpline, National Heart, 
Lung and Blood Institute, American Thoracic Society). 
Although the breathlessness is minor in most, in some it is 
disabling. For only a small minority where there is evidence 
of pulmonary hypertension or persistent clot are treatments 
available. Wider recognition of this problem is needed both 
to avoid unnecessary investigation and also to better advise 
patients of expected outcomes following a PE.
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