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Abstract

Significant improvement has been achieved in diagnostic accuracy, validation of probability
scores and standardized treatment algorithms for patients with suspected acute pulmonary
embolism. These developments have provided the tools for a safe and cost-effective
management for most of these patients. To our experience, however, the presence of
medical myths and ongoing controversies appear to hinder the implementation of these tools
in everyday clinical practice. This review provides a selection of such dilemmas and
controversies and discusses the published evidence beyond them. By doing so; we try to
overcome these dilemmas and suggest pragmatic approaches guided by~the available

evidence and current guidelines.
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Clinical significance:

e Significant improvement has been achieved in diagnostic accuracy, validation of
probability scores and standardized treatment algorithms for patients with suspected
acute pulmonary embolism.

e Medical myths and ongoing_controversies appear to hinder the implementation and
use of these safe and cost-effective tools in everyday clinical practice.

e Here we address these dilemmas and suggest pragmatic approaches guided by the

available evidence and current guidelines.



Myth:
The clinical assessment ("clinical gestalt") is inferior to standardized prediction

scores ("clinical decision rules®)

Reality:

The diagnostic process starts with an estimate of the pretest probability, which is the
summary

of anamnestic information, clinical findings and - if available - other test results. It is
important to remind that the interpretation of any medical test result is impessible ‘without
considering pretest probability. Bayesian principles imply that the likelihoed of‘a disease is
determined by the individual pretest probability and the specific qualities of a test. The
posttest probability for the presence of a disease is calculated by the individual pretest
probability multiplicated by the distinct likelihood ratio of a specific test ! In the context of

pulmonary embolism, clinical prediction scores were developed‘to facilitate suspicion for the
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diagnosis of pulmonary embolism, with the "Wells Score'.” and,the "revised Geneva Score
being the most popular ones. In the case of low and intermediate pretest probability,
pulmonary embolism can be safely excluded in combination with negative testing for D-
dimers *. These scores, which are helpful in everyday practice, have been compared with
clinical assessment. Such clinical gestalt is based both on the individual experience and the
subjective assessment enabling the physician to consider further information that is not
included in the prediction scores. This “holistic approach" depends decisively on the
experience of the clinician °./Of nete, the clinical gestalt recognition of the experienced
physician is non-inferior to/the likelihood ratio of the prediction scores %% _As such, we want
to emphasize that these scores are no surrogate for careful history taking, physical

examination, and intellectual synthesis.

The importance of clinical gestalt is further highlighted by a recent study that addressed the
association between happy facial expressions of patients and the presence of pulmonary
embolism. _These data show that the likelihood for pulmonary embolism was significantly
underestimated in smiling patients when using prediction scores but not when the

assessment of the pretest probability was made using clinical gestalt °

Bottom line:

Scoring systems are useful and reproducible tools. The value of clinical decision rules,
however, should not be overestimated. Clinical assessment performed by experienced
physicians has proven non-inferior to standardized prediction scores and has an important

place in everyday clinical practice.



Myth:
The outcome of patients has improved due to more frequent detection of pulmonary

embolism

Reality:
Autopsy studies in the 1990s have shown that pulmonary embolism is one of the most
frequently missed cardiovascular diagnoses. In these fatal cases, the diagnosisthas net only

been missed but has not even been considered pre-mortem ™

. Conversely, since the
introduction of computed tomography angiography (CTA) in 1993} theincidence of
pulmonary embolism has increased worldwide. The mortality rate;when analyzed for the
same period, however, has remained virtually unchanged **. This pattern questions whether
the observed increase of pulmonary embolism reflects a ‘real“increase in incidence or
whether pulmonary embolism is overdiagnosed. The latter assumption is underscored by the

opposite trend between incidence and mortality despite the advent of effective therapies.

These findings might be explained by the localization of the thrombotic clot within the
pulmonary vessels: while CTA has an excellent interobserver agreement for the detection of
central pulmonary emboli, the reliability of.detection decreases significantly in peripheral clots
with small filling defects (<6mm) and; overall, the incidence is overestimated. ***3. Moreover,
pulmonary emboli are increasingly. observed as incidental findings, i.e. without clinical
correlate ** . This notion is of major clinical importance since the use of anticoagulants in
patients with isolated subsegmental pulmonary emboli is of unknown benefit *°>. Along with
this line, current guidelines recommend making therapy decisions in these patients based on

the individual risk (recurrence rate, bleeding complications)™ .

Bottom Jine:

CTA should only be performed in the context of clinical suspicion and in patients with an
appropriate pre-test probability. Data from large centers show that the positive yield in such a
setting-is about 15%. In other words, every sixth to seventh CTA examination should turn out
positive when a diagnosis of pulmonary embolism is suspected. The diagnostic yield

compared between individual physicians, however, shows substantial variation 7
Myth: Pulmonary embolism cannot be safely ruled out without D-dimer testing or CTA

Reality:



Standardized prediction scores were intended as a tool to identify low and intermediate risk
patients, in which PE can be excluded with testing of D-dimers. Independent of the risk
calculation, however, these scores should be followed by further testing, either by analysis of
D-dimers (in low and intermediate risk situations) or by computed angiography (in high-risk
situations). Since a substantial portion of patients might be tested positive for D-dimers, the
use of these prediction scores might result in a diagnostic delay for other important
diagnoses. Conversely, the pulmonary embolism rule-out criteria (PERC) score is an
additional helpful tool that, when negative and performed in patients considered to be of low
risk, has a high negative likelihood ratio for pulmonary embolism *2.

Application of the PERC score can safely exclude the diagnosis of pulmonary embolism
without further testing in patients with a low pretest probability (sensitivity 97-100%, false
negative rate of <1.4%) % The PERC score has been validated repeatedly: a negative score
results in significantly lower ordering rate of D-dimers, reduced use of/ CTA and shortened
length of stay in the emergency ward ?°. Of importance, due to*everlapping criteria, the use of
PERC score implies that pretest probability should be estimated on clinical assessment and

not on prediction scores %%,

Bottom line:
Clinical prediction scores are not sufficient to discard the differential diagnosis PE and
always results in further testing. As such, we advocate applying the PERC rule as initial

score system in patients with low pre-test probability as assessed by clinical gestalt.

Myth: Patients with a syncepal event should be tested for the presence of pulmonary
embolism

Reality:
The incidence of syncopal events in patients with pulmonary embolism is up to 10% *.
Conversely, less'than 2% of patients presenting with syncope have a concomitant diagnosis

of pulmonary“embolism 2.

Possible explanations for a syncopal event in the context of pulmonary embolism include
acute right heart failure by a sudden increase in ventricular overload with consecutively
reduced cardiac output (cardiac syncope), or, alternatively, a pressure-induced vagal

stimulation with reflex bradycardia (vagal syncope) *>%

. In either setting, a massive centrally
located embolus that affects pulmonary hemodynamics must be assumed as a causative
factor. As such, a (pre-)syncopal event is a surrogate for hemodynamically relevant

pulmonary embolism %" and, moreover, a possible marker for increased mortality . In the



case of subsegmental emboli, a real association with syncope is questionable and seems to

be a random finding rather than a clinical correlate.

A prominent study has observed an incidence of pulmonary embolisms in 17% of patients
that were hospitalized after a syncopal event 2 Further analysis, however, suggests the
presence of a selection bias. Many patients presented with clinical signs and symptoms of
venous thromboembolism or cancer, which are both important predictors for of pulmonary
embolism. As such, silent pulmonary embolism is found in more than 30% of patients with
confirmed deep venous thrombosis % Moreover, such a clear association applies onlyto this

highly selected study population of old and obviously ill patients.

Bottom line:

We want to emphasize that the association between syncope.and pulmonary embolism is
rather weak. The unreflected application of this link mightaepresent a publication bias and
results in overutilization of medical imaging with implications for potential harm and higher

costs.

Myth: The localization and extent “of vascular obstruction is an indicator of

hemodynamic compromise (severity.of disease)

Reality:

Neither the localization of pulmonary embolism nor the extent of vascular obstruction is of
particular prognostiC wrelevance. The outcome of patients with pulmonary embolism is
impaired in the presence of hemodynamic instability or evidence of right ventricular failure.
Accordingly,/fhemodynamically stable patients with central pulmonary embolism experience
similar mortality-rates than stable patients with a noncentral localization of the emboli 1 This
is also true for patients with a saddle embolus extending from the truncal bifurcation into the
major vessels of both lungs . It should be emphasized, however, that patients with a saddle
thrombus more frequently present with hemodynamic instability and, as such, undergo more

frequently systemic thrombolytic therapy 8,

Similarly, impressive imaging findings, such as virtually complete visual obstruction of the
corresponding pulmonary artery, are not a marker for a higher mortality rate of these patients
3 Accordingly, it should be noted that an acute elevation of pulmonary arterial pressure

occurs only when more than half of the pulmonary artery bed is obstructed, since recruitment



and distension of small vessels within the vasculature of the lung might compensate
circulatory volume changes without the development of pulmonary hypertension. In
conditions, in which pressure elevation occurs, the right ventricle is unable to generate mean

pulmonary arterial pressure values > 40mmHg, which would result in acute right heart failure.

Bottom line:
The localization of pulmonary embolism and the extent of vascular obstruction are not of
particular prognostic relevance. The management of these patients should be{based on

hemodynamic status and evidence of right ventricular failure.

Myth: The electrocardiogram has no role in acute pulmonary embolism

Reality:

The electrocardiogram is of low value in the diagnosis of acute pulmonary embolisms due to
its low sensitivity and the variable presence and transient nature of most of the abnormalities
%, Up to 20% of patients with acute pulmonary embolism present with an inconspicuous
electrocardiogram. The most common signs are, non=specific and include sinus tachycardia
and ST-segment and T-wave alterations. 'Other~electrocardiographic signs, such as the
S QuTw pattern ("McGinn-White sign") and T-wave inversions in V1-V4 have been reported

% However, these and other

to be highly specific for pulmonary ~ embolism
electrocardiographic changes_ suchyas’ right bundle-branch block and right axis deviation,
reflect right ventricular strain ‘and therefore display a low sensitivity and low prevalence in

patients with pulmonary‘embglism 3738

The prognostic significance of a right ventricular strain pattern - indicative of right ventricular
overload - /in patients with acute pulmonary embolism remains controversial. Some
electrocardiographic features indicating right ventricular strain have been shown to be

associated with cardiogenic shock or clinical deterioration 3%

. However, a recent study
showed™that a Qr pattern in lead V1 was the only electrocardiographic abnormality
associated with in-hospital mortality in high-risk patients. In non-high-risk patients, the
presence of at least one electrocardiographic sign of right ventricular strain was associated

with right ventricular dysfunction or injury Mad2

Bottom line:
The major role of the electrocardiogram in the diagnostic process of acute pulmonary

embolism is the differentiation from other potentially life-threatening diagnoses (e.g. acute



coronary syndrome). The electrocardiogram is not intended to diagnose pulmonary embolism

but may indicate its severity.

Myth: Echocardiography and cardiac biomarkers are part of the routine evaluation in

stable patients with pulmonary embolism

Reality:

Prognosis and choice of optimal therapy in patients with pulmonary embolism-is determined
by hemodynamic stability. Unstable patients have an increased mortality rate and might
benefit from immediate thrombolytic treatment. Conversely, normotenSive patients have a
low mortality rate **. The role of echocardiographic assessment of-these patients remains
controversial: several studies have shown that evidence of right ventricular dysfunction (ratio
of right to left ventricular diameter >0.9 at the end of diastele and/or right ventricular
hypokinesia) might identify a subgroup of patients at high risk for clinical worsening with

44,45

potential instability and increased mortality . This~applies similarly to brain natriuretic

peptide (BNP or NT-proBNP) “° and markers for myocardial injury (Troponin) " which, when
positive, have been proven in helping to identify patients at higher risk of clinical deterioration
and mortality related to pulmonary embolism. Accordingly, it is suggested that some of these
patients may benefit from more aggressive monitoring and therapy. Several meta-analyses
showed that thrombolysis might/restore pulmonary flow and enhance recovery of right
ventricular dysfunction *, but“most,survival effects are outdated by an increased risk for

major bleeding events ***°,

As a general rule, echecardiography performed on a routine basis is not indicated due to low
diagnostic perfermance’and undefined therapeutic consequences. Since the additional
measurement of cardiac biomarkers does not improve the yield to identify low-risk patients

for an adverse-~outcome °1>

, the practice of routine screening should be critically
guestioned. _However, within normotensive patients with intermediate-risk pulmonary
embolismy the intensity level of monitoring and triage for allocation might be different

depending on the level of natriuretic peptides and troponin *">*.

Bottom line:
In normotensive and stable patients, echocardiography and cardiac biomarkers should not
be performed on a routine basis. However, for patients at intermediate or high-risk pulmonary

embolism, the level of monitoring and triage for allocation might depend on the level of



cardiac biomarkers *. Optimal treatment strategies are driven by hemodynamic stability and

are not affected by cardiac biomarkers and/or morphological signs of right ventricular strain.

Myth: Thrombophilia screening should be performed in patients with unprovoked

pulmonary embolism

Reality:
Both direct clinical relevance and therapeutic consequences of screening~for hereditary
thrombophilia are limited *®. Although patients with inherited thrombophilia have an

increased relative risk for a first venous thromboembolism 578

, current evidence shows no
significant difference in the recurrence rate of venous thromboembolism _between patients
with and without hereditary thrombophilia. The individual risk. of.recurrence seems to be
crucially determined by known risk factors of venous thromboembolism rather than by
thrombophilia status ***', To our knowledge, no data fram controlled trials exist that show a
benefit from screening %. Even in the evaluation of family members of patients with an acute
unprovoked venous thromboembolism, screening tests only detect the presence of an
underlying mutation and such genetic predispositionidoes not necessarily correlate with the
individual risk of these patients to develop, a venous thromboembolism. Even in the
evaluation of family members of ‘“patients with an acute unprovoked venous
thromboembolism, screening tests“only. detect the presence of an underlying mutation and
such genetic predisposition does net necessarily correlate with the individual risk of these
patients to develop a venous thromboembolism. Conversely, a negative thrombophilia
screening does not equatesto normal VTE risk since a family history of thrombosis alone

carries increased riskyeven in the absence of an identifiable thrombophilia 63,64

A further note“of caution should be addressed to the timing of these tests, which should
never be performed in the acute setting: both anticoagulatory therapy and the inflammatory
state accompanying any thromboembolic event falsify the results and preclude any

conelusions™.

Bottom line:

In our opinion, thrombophilia screening should only be performed if the results alter
therapeutic management. This is almost exclusively the case in young female first-degree
relatives of patients with venous thromboembolism contemplating estrogen containing

medicaments or pregnancy 6667



Myth: All patients with pulmonary embolism should be treated as inpatients

Reality:

Outpatient management of hemodynamically stable and normoxemic patients with
pulmonary embolisms is cost-effective, safe and efficient. It has been convincingly shown
that outpatient management of patients with low mortality risk and low risk of adverse events
is not inferior to short-term inpatient treatment in terms of safety and patient satisfaction %8,
Despite the evidence and the simplified drug use since the introduction ofdirect oral

anticoagulants, most patients with pulmonary embolism are still hospitalized

Various scoring systems have been developed for risk stratification and identification of low-
risk patients that can be handled as an outpatient. Among these, pulmonary embolism
severity index (PESI) score represents the best-validated score ° Due to its feasibility, its
simplified version (SPESI) is commonly preferred in clinicalpractice ™ In terms of prognostic
significance, PESI and sPESI are of identical power 2

It is controversial, whether the assessment of cardiac biomarkers and morphological
indicators for right ventricular dysfunction . (provided by the use of trans-thoracic
echocardiography or computed tomography)./offers additional discriminatory value.
Recommendations to obtain these tests are handled differently in current guidelines 18
Current evidence suggests that the addition_of imaging or cardiac biomarkers to prognostic
scores does not improve their ability to identify patients being at low-risk for an adverse

outcome 51-53

. Conversely, the opposite might be true: According to Zondag and coworkers,
up to one-third of patients. that were classified as "low risk" by scoring systems and had a
good outcome, were re-=classified into an intermediate risk group (,non-low risk") by routine

echocardiography. R

Bottom line;
About 50% of patients with pulmonary embolism are classified as low-risk group patients by
simple scoring systems. The number of adverse events in these patients, when treated as

outpatients, is extremely low and non-inferior to inpatient treatment.
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