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ABSTRACT Incidental pulmonary embolism (PE) is a frequent finding on routine computed
tomography (CT) scans of the chest, occurring in 1.1% of coronary CT scans and 3.6% of oncological CT
scans. Despite this high frequency, optimal management of incidental PE has not been addressed in
clinical trials and remains the subject of debate. Although these CT scans have not been performed with a
dedicated PE protocol and have suboptimal contrast enhancement, diagnosis of incidental PE has been
shown to be accurate up to the segmental and subsegmental arteries. The embolic load in incidental PE is
lower than that in symptomatic PE. Even so, observational studies suggest that the natural course of
incidental PE is similar to that of symptomatic PE with regard to the risk of recurrent venous thrombotic
disease and mortality. Interestingly, the increased use of more advanced CT technology has coincided with
an increase in the rate of incidental subsegmental PE, as is the case for symptomatic subsegmental PE.
Although clinical trials are lacking, and observational data are limited to cancer-associated incidental PE,
the consensus is that the management of incidental PE is identical to that of symptomatic PE, including
the choice of optimal drug class, outpatient treatment and total duration of treatment.
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Introduction

In recent years, physicians have been increasingly confronted with unsuspected filling defects of the
pulmonary artery - corresponding with pulmonary embolism (PE) - identified on routine computed
tomography (CT) scans of the chest, performed for indications other than suspected PE [1]. Although the
available literature focusses mostly on this apparent diagnosis of incidental PE in cancer patients, this
phenomenon is clearly relevant to other patients as well, including those referred for coronary artery
imaging, evaluation of pulmonary infections, or those who have been subjected to major trauma. In
general, unsuspected venous thrombosis accounts for an annual estimated 375 000 to 425 000 recognised
incident cases in the US, at a total cost of $7 billion to $10 billion [2]. Despite this relatively high
frequency, the optimal management of incidental PE has not been addressed in clinical trials and remains
the subject of debate [1, 3, 4]. Here, we review the literature on this clinical entity and provide a clinical
point of view for the treatment of these patients, as illustrated by a typical clinical case.

Clinical case

A 56-year old female patient was referred to the emergency ward following severe trauma, as a result of
falling from her bike and crashing into a concrete wall. After a primary survey, a CT scan was performed to
evaluate the extent of the injury. The CT showed multiple costal fractures, pneumothorax and atelectasis of
the right lung. In addition, a subsegmental PE was found (figure 1). The patient exhibits hemodynamic and
respiratory stability, with blood pressure of 156/92 mmHg, pulse rate of 86/min, respiratory rate of 16/min
and 100% saturation without the administration of oxygen. The attending trauma surgeon hesitates to start
anticoagulant therapy in this patient because he fears bleeding complications.

Observations

The story of ‘silent’ PE

Reports on the presence of PE in patients with deep vein thrombosis (DVT) without respiratory
symptoms, the frequency of unsuspected PE detected at autopsy, as well as notable findings from studies
evaluating PE screening in high risk patients all contributed to the recognition of ‘silent’ PE as a relevant
disease entity in the 1980s.

Several studies have investigated the frequency of scintigraphically documented PE in patients with proven
symptomatic DVT, who showed no specific symptoms for PE. This incidence was reported to range from
30% to 60% [5-8]. Although these studies applied diagnostic criteria for PE other than the current
standard, more recent studies that have applied the Prospective Investigation of Pulmonary Embolism
Diagnosis (PIOPED) criteria or used CT pulmonary angiography (CTPA), have confirmed this high
frequency (pooled weighted incidence 32%) [9]. ‘Silent PE’, i.e. PE in patients with confirmed DVT, but
without clear respiratory symptoms, was found to be more frequent in proximal DVT than in calf-vein
thrombosis, and more frequent in unprovoked DVT than in provoked DVT [9, 10]. Notably, the presence
of ‘silent PE’ is suggested to be associated with a higher risk of recurrence of early venous
thromboembolism (VTE) during anticoagulant treatment [11, 12].

In a general hospital population, PE might be observed at autopsy in 11% to 16% of adults, a diagnosis
that would have been considered ante mortem in only 3% to 31% of cases [13-16]. Observation of PE was
even noted in 24% of autopsies in surgical patients [17]. An estimated 37% to 80% of these pulmonary

FIGURE 1 Chest computed tomography (CT) scan of patient from the clinical case. The blue arrow in panel (a)
shows a filling defect in a left subsegmental pulmonary artery. Panel (b] demonstrates the pneumothorax
(white arrow) and multiple costal fractures on the right side.
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emboli actually caused or significantly contributed to death, underlying the relevance of this finding. Few
studies have investigated the prevalence of PE among high-risk patients, by performing routine ventilation/
perfusion scintigrams in patients following major orthopaedic surgery. High probability scintigram results
indicative of PE were obtained in 15% to 28% of all patients, of whom less than 10% reported respiratory
or chest symptoms [18-20].

Owing to the rapidly increasing use of CT scans in recent years, the clinical perspective on ‘silent PE’ has
shifted from screening for asymptomatic PE in high-risk populations, to dealing with the clinical dilemma
of incidental CT findings of uncertain clinical significance, commonly referred to as ‘incidental PE’ [21, 22].

Frequency of incidental PE

The reported frequency of incidental PE on routine CT-imaging of the chest varies among different
patient categories, and has increased over time with the introduction of more advanced multi-slice CT
machines. Generally, incidental PE is most often observed in CT scans performed for the evaluation of
acute pulmonary disease and cancer staging [23]. In cancer patients, the only study available that has
assessed incidental PE in 385 chest-CT scans using a 4-row CT scanner reported an incidence frequency
of 2.6% (95% confidence interval [CI] 1.2-4.7) [24]. Pooled analyses of eight studies covering 8491 cancer
patients suggest that the frequency is slightly higher (3.6%, 95% CI 2.6-4.6) when using modern
multi-slice CT scan machines (figure 2) [25-31]. This difference is more notable when comparing the
older CT-scans with modern CT-scans in a more general population referred for chest CT, with
frequencies of 1.8% (3 studies, 3253 patients; 95% CI 00.64-2.9) and 3.3% (3 studies, 3465 patients; 95%
CI 1.6-5.0), respectively (figure 2) [32-37]. Notably, most patients in these cohorts were referred for either
cancer diagnosis or follow-up as well. One study focussed on the frequency of incidental PE detected on
multi-slice chest CT in trauma patients, and reported a notable 24% (95% CI 16-35) showing PE [38].
Furthermore, the pooled weighted frequency of incidental PE on multi-slice coronary CT in a total of 7019
patients from four studies is 1.1% (95% CI 0.68-1.6) (figure 2) [39-42]. This lower prevalence in
cardiology patients is likely caused by the fact that both active cancer and trauma are major risk factors for
PE, in contrast to coronary artery disease. The fact that patients with metastatic cancer have a higher risk
of incidental PE than those with limited cancer supports this hypothesis [27, 30, 43, 44].

The reported prevalence of symptomatic subsegmental PE has increased with improvement in CT
technology, and specifically the increase in the number and quality of detectors, with 4.7% of PE
diagnosed using single-detector CT and 9.4% of patients with PE diagnosed by multi-detector CTPA [45].
The same trend is applicable to incidental subsegmental PE. Subsegmental PE was not observed in any
of the 60 incidental PE diagnoses on CT scan with 4-row technology or less, (pooled frequency 0%,
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95% CI 0-6.0) [24, 34-36], whereas 34 of the 173 PE diagnoses on multi-row-detector CT were limited
to the subsegmental pulmonary arteries (pooled weighted frequency 23%, 95% CI 6.7-40; figure 3) [28,
31-33, 38]. Notably, on average, the total embolic burden in incidental PE is lower than that in
symptomatic PE [23, 43, 46]. In one study, the median Qanadli score index was 16% lower in 48 patients
with incidental PE, compared to a reference cohort of 113 patients with symptomatic PE, even with 40%
of all incidental PEs located in the main pulmonary arteries [46-48].

Importantly, despite the frequent occurrence of subsegmental incidental PE and the overall lower embolic
burden in incidental PE, interobserver agreement for incidental PE is high, as demonstrated by two
studies. In the first study, two expert readers disagreed in only two of 81 CT scans, of which 62 had
previously shown incidental PE and 19 did not, for a kappa statistic of 0.93 [49]. After final consensus
reading, it was concluded that the CT images of all 62 patients initially diagnosed with incidental PE were
indeed positive for PE. In the second study, all 96 cases of incidental PE, diagnosed on routine CT
examination were confirmed by independent review of an expert reader, for a kappa statistic of 1.0 [50].
Notably, the accuracy of a diagnosis of symptomatic isolated subsegmental PE has been questioned in a
retrospective study, in which only 51% of all diagnoses were confirmed after post-hoc review of the CTPA
images by an experienced chest radiologist [51]. When extrapolated to incidental PE, a reasonable
recommendation would be to have the diagnosis of incidental subsegmental PE confirmed by a radiologist
with specific experience [1].

In summary, incidental PE can be found in 1.1% of all coronary CT scans and 3.6% of cancer staging CT
scans, a prevalence that has increased over the past years with advancing CT-technology. In particular,
subsegmental incidental PE has been observed more frequently with the increased use of more advanced
CT scanners.

How silent’ is incidental PE?

Although by definition, incidental PE is an unexpected finding, upon closer scrutiny of their complaints,
most patients report symptoms that are commonly associated with acute PE. In a retrospective chart
review of 46 patients with incidental PE and 92 matched controls, 75% of these patients reported at least
one symptom that might be associated with acute PE [52]. The patients with incidental PE were
significantly more likely than control patients to complain of fatigue (54% versus 20%) and shortness of
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breath (22% versus 8%), although the prevalence of tachycardia, chest pain or symptoms of DVT showed
no difference. In a second publication by the same authors, after expanding the number of cases to 70, the
previous findings were confirmed and cough was added to the list of symptoms associated with incidental
PE (16% versus 5%) [50]. The estimated frequency of PE-specific symptoms in incidental PE was lower in
a third cohort (17%) [53]. Even if recall bias and other confounding factors have influenced the findings
of studies on the clinical manifestation of incidental PE, these numbers underline the fact that ‘incidental’
and ‘silent’ or ‘asymptomatic’ are not interchangeable terms, and the term ‘incidental’ PE is to be preferred
within this context [1]. It is noteworthy that a small observational cohort study suggested that
‘symptomatic’ incidental PE might be associated with poorer survival than ‘asymptomatic’ incidental PE,
although this has never been confirmed in other cohort studies [54].

Relevance of incidental PE

There are several angles from which the relevance of incidental PE could be considered, i.e. comparison of
the prognosis of 1) incidental PE in cancer patients versus cancer patients without VTE; 2) incidental PE
with a large versus a smaller embolic load; and 3) incidental PE versus symptomatic PE. Most studies in
incidental PE have been performed in cancer patients, because they comprise the overall majority of
incidental PE diagnoses detected by CT scanning performed for cancer staging.

The relevance of incidental PE could best be demonstrated by showing its natural history without
anticoagulant treatment. Unfortunately, there are very few studies to demonstrate this phenomenon. The
landmark trial of Barritt and Jordan [55] showed that untreated symptomatic PE is followed by high
recurrent PE, and even fatal PE. In fact, of the 19 patients who were not administered anticoagulant
treatment, almost 25% died of fatal PE, and five showed progression of PE at 3 months, whereas none of
the treated patients suffered PE-related death or progression [55]. One study in patients with incidental PE
evaluated the safety of withholding anticoagulant treatment [56]. Patients with confirmed distal or
proximal DVT, but without symptoms of PE randomly received iv. heparin, followed by vitamin-K
antagonists, or a non-steroidal agent, phenylbutazone. A total of 42 out of 90 study patients (47%) were
found to have silent PE. Perfusion-ventilation lung scans showed no significant changes at 10 and 60 days,
between the two groups. Moreover, within 12 months, six patients died in the anticoagulant group, with
one death being attributed to PE. Furthermore, seven patients died in the non-anticoagulant group, none
of which was reportedly related to PE, suggesting that anticoagulant therapy could have been withheld.
The small sample size however, does not permit a strong conclusion. Notably, a recent patient level
meta-analysis indicated that patients with incidental PE who remained untreated - presumably due to a
high risk of bleeding or other relevant prognostic factors— have a very high 6-month risk of recurrent VTE
(12%) and mortality (47%) [57]. Moreover, data from a retrospective observational study that was not
included in the aforementioned meta-analysis confirmed that patients with incidental PE who did not
receive anticoagulant treatment showed poorer survival [58].

Several retrospective studies in patients with cancer indicate that incidental PE can have important effects on
survival, as well as on recurrent VTE [50, 59-65]. In one study that included a control group of patients
without PE, matched for age, cancer histology and severity, the median survival in patients with incidental PE
was 8 months, compared to 12 months for the matched controls [50]. In two studies of heterogeneous groups
of cancer patients, incidental PE had a similar influence on survival, compared to cancer patients with
symptomatic PE. In the first study, 6-month mortality rates were around 50% in both groups, which was
significantly worse than the 27% mortality rate in the 60 patients with symptoms suggestive of PE, but for
whom the diagnosis of PE was excluded [59]. In the second study, 12-month mortality rates were ~53% in
both groups. In addition, a similar incidence of recurrent VTE between patients with symptomatic VIE and
patients with incidental PE (16.9% versus 13.3%; p=0.77) was observed [60]. In contrast, a very recent
observational study of a relatively small number of 66 patients reported that malignancy-associated incidental
PE was not associated with a higher risk of mortality, compared to matched control patients without incidental
PE [66].

It is well known that in symptomatic PE, a higher thrombus load is associated with greater right
ventricular function and increased PE-related mortality [67]. Whether the embolic burden has an impact
on prognosis in incidental PE remains an unanswered question. A survey among clinicians showed
nonetheless that the more proximal a pulmonary clot is located, the more physicians are willing to treat a
patient with anticoagulants [68]. Thus, when a patient is presented with incidental subsegmental PE, 72%
of the clinicians surveyed would initiate anticoagulant treatment in a patient without malignancy, whereas
89% would treat in the presence of malignancy. If an incidental PE is located in a segmental pulmonary
artery, 98% would treat, irrespective of whether or not a malignancy is present. All would treat when a PE
is localised centrally. Another study that evaluated the response of physicians to a diagnosis of incidental
PE confirmed these findings with a higher threshold to initiate treatment if the PE was located in a
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subsegmental pulmonary artery [69]. Importantly, in cancer patients receiving ongoing cancer therapy, the
continued high risk of recurrent VTE might strongly support a decision to initiate anticoagulation therapy,
irrespective of the clot burden. Studies have shown contradictory results, which is partly because incidental
and symptomatic subsegmental PE have sometimes been confused. In one study, the presence of an
incidental subsegmental PE in 17 patients did not affect survival, compared to age-, histology-, and
stage-matched controls [50]. However, when patients with incidental subsegmental PE were compared to
those with more proximally located pulmonary clots, the VTE recurrence risk showed no difference [70].

In summary, despite the aforementioned limitations of retrospective studies on incidental PE in cancer
patients, there is a general consensus that the prognosis of incidental PE is similar to that of symptomatic
PE with regard to the risk of recurrent VTE.

Treatment of incidental PE

Because incidental PE and symptomatic PE have a similar prognosis, there is a general opinion-based
recommendation in several guidelines, including those of the American College of Chest Physicians (Grade
2B) and American Society of Clinical Oncology (informal consensus, moderate strength recommendation),
to use the same treatment strategy for patients with incidental DVT and PE and symptomatic VIE
patients (table 1) [71, 72]. In particular, patients might have already been discharged, at the time of
diagnosis, since cancer staging scans are often viewed in retrospect. Because of the incidental nature of the
PE, anticoagulant treatment could be safely started at home, provided the patient receives proper
instructions. In contrast to symptomatic PE [73-76], large prospective trials evaluating the safety of
outpatient treatment of incidental PE are unavailable, but findings in smaller cohorts indicate that home
treatment is not associated with a higher risk of recurrent VTE, bleeding or death [77].

The standard treatment for incidental PE in patients without cancer is direct oral anticoagulants, mostly
because of their superior safety profile compared to conventional anticoagulant treatment regimens [70,
71, 78]. Interestingly, the 2016 American College of Chest Physicians guideline suggests no treatment for
low-risk patients with symptomatic or asymptomatic isolated subsegmental PE, in cases of normal bilateral
ultrasonography of the legs (Grade 2C) [71]. The main argument for this recommendation is that a
diagnosis of subsegmental PE is more likely to be a false-positive finding than a diagnosis of PE in the
segmental or more proximal pulmonary arteries, and ‘true’ subsegmental PE is likely to have arisen from
DVT. Accordingly, the risk of progressive or recurrent VIE without anticoagulation is expected to be
lower if concomitant DVT is ruled out. It might be argued that bilateral ultrasonography of the legs could
be applied in patients with incidental PE and a high risk of bleeding, since this could help clinicians to
better assess the risk/benefit ratio of anticoagulant therapy in the individual patient.

The standard treatment for patients with VTE and cancer is still therapeutic low-molecular weight heparin
(LMWH) for a period of 3-6 months [71, 72]. This is because LMWH treatment is associated with less
bleeding and lower levels of recurrent VTE compared to vitamin K antagonists [79, 80]. Patients should be
counselled for acceptance of daily injections at regular intervals. A recent study showed that within
6 months, one in five patients had to cease LMWH injections [81]. The most frequent reason for cessation
was pain at the injection site. There is uncertainty as to whether treatment should be continued after the

TABLE 1 Overview and practical aspects of management of incidental pulmonary embolism (PE)

Optimal anticoagulant regime

Cancer-associated incidental PE LMWH for the first 6 months
Alternatively: switch to VKA if subcutaneous therapy is not tolerated
Non-cancer-associated incidental PE DOAC

Alternatively: conventional treatment with VKA if DOAC is contraindicated
Optimal treatment duration

Cancer- associated incidental PE At least 6 months and beyond for the duration of active disease
Non-cancer-associated provoked 3 months

incidental PE
Non-cancer-associated unprovoked At least 3 months, indefinite if risk of bleeding is low

incidental PE
Outpatient treatment
All incidental PE In the case of an outpatient, consider initiation of anticoagulant treatment at home, provided
that adequate instructions are given to the patient
In the case of an inpatient, initiate anticoagulant therapy in the hospital

LMWH: low-molecular weight heparin; VKA: vitamin K antagonist; DOAC: direct oral anticoagulant.
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initial 6 months. Because of the similar risks as those for symptomatic PE, the current guidelines suggest
continuation of anticoagulant treatment if the cancer has not been cured. One cohort study showed that if
the cancer is in remission for at least 6 months, the risk of recurrent VTE after cessation of anticoagulant
therapy is very low with an incidence of 3.2 per 100 patient-years [82]. Based on this study, it might be
reasonable to consider cessation of anticoagulant treatment for cancer-associated VTE once patients have
been successfully treated. Importantly, a very recent observational study demonstrated that the risks of
major, fatal bleeding during anticoagulant treatment of cancer-associated incidental PE are higher than
those of recurrent PE and fatal PE, indicating that anticoagulant therapy comes with inherent risks [83]. It
is not known whether recently derived and validated bleeding prediction scores would be applicable and
helpful in determining optimal duration of anticoagulation in incidental PE [84-86]. These data call for
prospective studies to determine the optimal treatment duration in this patient category.

A recent meta-analysis concluded that both the efficacy and safety of novel oral anticoagulants in the
treatment of cancer-associated acute symptomatic VIE are at least comparable with those of vitamin-K
antagonists. [87]. However, the event rates were less than those of previous trials in patients with active
cancer who were receiving chemotherapy. Importantly, the comparator regime in these studies was
LMWH, followed by vitamin-K antagonists. Therefore, LMWH remains the treatment of choice for
cancer-associated (incidental) PE. Currently, an international observational study aims to shed more light
on the efficacy and safety of current treatment approaches for incidental PE in cancer patients
(NCT01727427).

In the absence of any relevant studies in non-cancer associated incidental PE, the aforementioned
treatment recommendations might be extrapolated to all patients with incidental PE [1].

Solution to clinical case

The CT scan was re-evaluated by two senior chest radiologists, who confirmed the presence of
subsegmental PE. The decision was made to perform bilateral compression ultrasonography of the legs,
which showed no signs of DVT. Considering the high risk of VTE in patients with severe trauma in
addition to the current CT findings, and despite the normal compression ultrasonography results,
anticoagulation therapy with apixaban was initiated after a chest tube was inserted. The patient recovered
completely without bleeding complications and anticoagulant treatment was discontinued after 3 months.

Conclusion

Incidental PE is a frequent finding on routine CT scans of the chest, with an incidence frequency of 1.1%
in coronary CT and 3.6% in oncological CT. This prevalence, and in particular the incidence of
subsegmental incidental PE, has increased in recent years with advancing CT technology. Large, high
quality outcome trials on the optimal management of patients with incidental PE are lacking. It has
nonetheless been shown that the finding of intraluminal filling defects in the pulmonary arterial tree on a
CT scan performed for purposes other than suspected PE is indicative of PE. Confirmatory diagnostic tests
for PE such as CTPA or lung scintigraphy are not indicated, provided the quality of the CT scan is judged
as adequate by an experienced radiologist (e.g. no breathing artefacts). The natural course of incidental PE
is comparable to that of symptomatic PE with regards to the risk of recurrent venous thrombotic disease
and mortality. Because of this observation, guidelines suggest the application of similar management
decisions for patients with incidental PE as those with symptomatic PE, including the choice of optimal
drug class, outpatient treatment and total duration of treatment.
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