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1 Introduction

1 Introduction

1.1 Pulmonary Embolism
1.1.1 From Past To Present
In 1856 the Berlin physician and pathologist Rudolf Virchow formulated the still valid
fundamental aetiology and pathogenesis of deep vein thrombosis (DVT) and thus also of the
pulmonary embolism (PE) (1) . Today, these are well known under the term of Virchow's triad
and include:

e Stasis: stagnancy or change in flow of blood

e Hypercoagulability: changes in blood composition and coagulation factors

e Intima lesion: injuries of the inner layer of the vessel wall
All known causes of DVT can be attributed to these three elemental changes. Because of the
similarities in aetiology and pathogenesis PE and DVT are summarized as venous
thromboembolism (VTE).

PE is a relatively common disease, with an incidence ranging from 60 to 112 per 100,000
inhabitants of the United States (2), and is the third most common cause of death among patients
with cardiovascular diseases (3). In six European states with a total population of 454.4 million,
almost 300 000 cases of PE and more than 370 000 VTE related deaths were estimated in 2004
on the basis of an epidemiological model (4). Patients are at particular risk in the acute stage of
the disease, with 30-day mortality rates in excess of 15% for PE associated with shock and/or
hypotension (5). PE is difficult to diagnose because of the wide range of presentations of the
disease. Among those patients who die of PE, 94% do so before diagnosis (6). Thus, acute PE
may still be an under-diagnosed disease, especially when largely stable circulatory conditions
prevail. The unspecific symptomatology may lead to delayed claiming medical aid and could
be a reason for the relatively high mortality in these patients. In contrast, the progress of non-
fulminanten PE is extremely heterogeneous compared to the fulminant form. The spectrum
ranges from absolutely uncomplicated to unexpectedly lethal, which complicates the decision
regarding the further therapy form (7).

Therefore, in recent years, clinical research has increasingly focused on the non-fulminant
PE. A central issue includes the identification of haemodynamically stable patients, who need
a more intensive monitoring and therapy because of risk of complications. The risk stratification
uses different approaches by combining clinical prediction models with various cardiac

laboratory meters (biomarkers) and imaging techniques.
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Among the biomarkers are mainly the cardiac troponins T and I (TnT /I) and the natriuretic

peptides (BNP or the cleavage product NT-proBNP), which have been and are being
investigated with regard to their prognostic relevance for PE. While these biomarkers in other
diseases of the heart (e.g., myocardial infarction and heart failure) are now part of the diagnostic
standard and also could be used for therapy control, they are still unsatisfactory in identifying
high-risk patients in the acute phase of non-fulminant PE.
A new approach to risk stratification has been the discovery of the heart-specific fatty acid
binding protein (H-FABP). It is a new biomarker that is already being used successfully in early
cardiac infarction diagnostics because of its favorable kinetics and organ specificity (8) and,
unlike other biomarkers, indicates a poor prognosis in all forms of acute coronary syndrome
(9). In contrast, recently the use of H-FABP to estimate the prognosis in PE has become the
focus of clinical research. H-FABP seems to be superior to all other markers in the first 30 days
after the acute event (10, 11). Even though available for a long time and being part of the lab
routine in patients presenting with chest pain, Creatine Kinase Isoenzyme MB (CK-MB) has
not been studied in detail for risk assessment in PE. Stein and colleagues were the first to
investigate the potential prognostic value of CK-MB, ¢TnT, and right ventricular dilatation in
normotensive patients with PE. Although their findings were statistically not significant, CK-
MB tended to be a stronger predictor of death than ¢TnT, and the combination of CK-MB, ¢TnT
and echocardiography seemed particularly indicative (12).

Using echocardiography, it is possible to assess ventricular size relationships and dynamic
parameters of right heart function objectively. For this purpose, newer methods such as the
measurement of systolic excursion of the tricuspid valve plane (Tricuspid Annular Plane
Systolic Excursion, TAPSE) or myocardial tissue Doppler Imaging (mTDI) are suitable.

While conventional Doppler echocardiography visualizes and measures blood flow
velocities, mTDI measures ventricular tissue contraction velocities to provide functionally
assessable contraction and relaxation behavior of the ventricles. Although mTDI for the left
ventricle (LV) is already an established procedure, the assessment of the right ventricle (RV)
with TDI has hardly been done so far. This fact underlines the long-underestimated

hemodynamic importance of RV function (13).

1.1.2 Epidemiology
Deep vein thrombosis and pulmonary embolism represent the two forms of VTE and they are
often considered together from an epidemiological point of view. Venous thromboembolism is

the third most frequent cardiovascular disease after acute myocardial infarction and stroke (14)
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with an overall annual incidence of 100-200 per 100 000 inhabitants (4, 15). In acute phase
VTE may be lethal or can lead to chronic disease and disability (16, 17), but it is also often
preventable. The most serious clinical presentation of VTE is acute PE. Pulmonary embolism
is a major cause of mortality, morbidity, and hospitalization in Europe with an annual incidence
rate from 39-115 per 100 000 population (18). For DVT the incidence rates range from 53-162
per 100 000 population (19). However, incidence rates for PE are difficult to determine due to
overlaps between VTE, PE and DVT (5). Furthermore, the epidemiology of PE is difficult to
specify because it may remain asymptomatic, or its diagnosis may be an incidental finding (4).
In some cases, sudden death is the first presentation of PE (20). Cohen et al. designed an
epidemiological model for six European states, which estimate 317,000 VTE-related deaths per
year in 2004 (4). Only 7% of the patients who died early were correctly diagnosed with PE
before death. The risk of PE increased in patients older than 40 years compared with younger
patients and the risk approximately doubles with each subsequent decade (21). Taken together,
the epidemiological data on VTE, and in particular the PE, shows that the frequency,

importance and seriousness of these diseases may be significantly underestimated.

1.1.3 Pathophysiology

The pathophysiology of PE is a complex, highly dynamic event in which the clinical,
radiological and laboratory findings can change very rapidly. The principal process of PE is
almost always the influx of a thromboembolus into the pulmonary circulation via the RV

(Figure 1.1).
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Figure 1. 1 Pathophysiology of Pulmonary Embolism (22)

The embolus is most likely from the deep leg veins. With higher place of origin or higher spread
of the embolus the risk for a PE increases (22). The obstruction of the pulmonary vessels results
in severe disturbances of the hemodynamics and gas exchange, the extent of which depends on
the size of the embolus, the number of affected pulmonary vessels, the pre- and concomitant

diseases and the available compensatory (neurohumoral) adaptation mechanisms of the patient

10
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(23). Only if more than 30—-50% of the total cross-sectional area of the pulmonary arterial bed
is occluded by thromboemboli, the pulmonary artery pressure increases (24).

Disorders of hemodynamics (Figure 1.2) results from the abrupt increase of vascular
resistance in the pulmonary circulation. This increase is due to mechanical obstruction and
hypoxic vasoconstriction and triggered by constrictive acting substances like thromboxane A2
and serotonin (25). This results in an increase in the afterload. The RV, which normally only
needs to generate pressures up to a maximum of 20 mmHg for pulmonary circulation, suddenly
has to overcome pressures in excess of 40 mmHg (-80 mmHg). Under extreme conditions, the
RV pressure can rise above that of the LV. In case of patent foramen ovale, a right-left shunt
increased the risk of paradoxical embolism with subsequent stroke.

The abrupt increased afterload initiates a pathological process leading to right ventricular
dilation, which alters the contractile properties of the RV myocardium via the Frank-Starling
mechanism, tricuspid regurgitation, and ultimately to right heart failure. Despite signs of the
RVD the systemic blood pressure can initially kept constant and suggest a stable hemodynamic
status by neurohumoral compensation mechanisms and sympathetic activation conditions, and

then suddenly turn into a therapy-resistant hypotension with circulatory failure (23).

11
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Figure 1. 2 Hemodynamic impact of PE, modified (22, 23, 26)
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Because RV and LV function complement each other and are interdependent
(interventricular dependency), a disorder of one ventricle also affects the function of the other.
Thus, the RV dilation due to the increase in afterload is the basis for all other hemodynamic
effects. Caused by an extension of the systole of the RV, the RV is still contracting while the
LV is already starting to relax. The pressure in the RV at this time is higher than that at the
beginning of the diastole LV. This results in a shift of the interventricular septum in the direction
to LV (paradoxical septal movement) and obstructs the filling of LV, followed by reduced
preload and decreased LV stroke volume. Furthermore, right-left shunt on atrial level arise and
so the oxygen partial pressure in the blood (pO2) continues to reduce. In order to keep the
cardiac output constant, a reflex-tachycardia occurs. At same time RV dilation leads to an
increase in wall tension with increased oxygen consumption and compression of subendocardial
vessels and the right coronary artery. A circulus vitiosus emerges because the increase in
oxygen consumption while reducing myocardial perfusion (reduced stroke volume of LV,
tachycardia shortens diastole) and pO2 (shunt) leads to subendocardial ischemia and RV
microinfarction, which further restricts the ejection fraction (27). Microinfarction are the cause
of the increase in myocardial necrosis markers such as TnT / I and H-FABP (28), while
dilatation of RV leads to the release of BNP and NT-proBNP (29, 30).

A predominant consequence of haemodynamic disturbance in PE is respiratory failure (31).
Low cardiac output leads to desaturation of the mixed venous blood. Additionally, zones of
reduced flow in obstructed vessels, combined with zones of overflow in the capillary bed served
by non-obstructed vessels, result in ventilation—perfusion mismatch, which contributes to
hypoxaemia. A right-to-left shunting through a PFO can be detected by echocardiography in
about one-third of patients. This is caused by an inverted pressure gradient between the right
atrium and left atrium and may lead to severe hypoxaemia and an increased risk of paradoxical
embolization and stroke (32).

Proinflammatory mediators and other vasoactive substances contribute to pathophysiology,
but their importance is controversial (5). The local release of histamine and serotonin results in
broncho- and vasoconstriction, and changes in vascular permeability (pleural effusion, edema)
and surfactant function. Pulmonary shunts can arise directly from the local release of mediators
such as the platelet-activating factor (33). A number of other cytokines like tumor necrosis
factor (TNF-a) and interleukins (IL-1B) mediate activation of adhesion molecules (CAMs) and
the migration of leukocytes into the interstitium (34). These in turn maintain and reinforce the
above changes and can promote the development of pneumonia after pulmonary infarction in

extensive PE (33).

13
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1.1.4 Risk Factors

Although VTE is idiopathic in up to 25% of the cases (35), numerous risk factors (Table 1.1,

(26)) directly or indirectly favor the development of VTE (secondary VTE).

Table 1. 1 Risk factors for VTE (26)

Strong association risk

factors (odds ratio >10)

Moderate association risk

factors (odds ratio 2-9)

Weak association risk

factors (odds ratio <2)

Fracture of lower limb

Arthroscopic knee surgery

Bed rest >3 days

Hospitalization for heart
failure or atrial
fibrillation/flutter (within

previous 3 months)

Auto—-immune diseases

Diabetes mellitus

Hip or knee replacement

Blood transfusion

Hypertension

Major trauma

Central venous lines

Increasing age

Myocardial infarction

(within previous 3 months)

Chemotherapy

Immobility due to sitting
(e.g. prolonged car or air

travel)

Previous venous

Congestive heart or

Laparoscopic surgery (e.g.

thromboembolism respiratory failure cholecystectomy)
Spinal cord injury Erythropoiesis-stimulating Obesity
agents
Hormone replacement Pregnancy
therapy (depends on
formulation)

In vitro fertilization

Varicose veins

Cancer (highest risk in

metastatic disease)

Oral contraceptive therapy

Paralytic stroke

Postpartum period

Thrombophilia

14
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In particular, the interaction of several risk factors is problematic because the overall risk
increases exponentially. Insights into the pathophysiological meaning complement and confirm
the original concept of the Virchow's triad. Accordingly, in principle, acquired risk factors can
be different from hereditary risk factors. The current concept assumes that VTE almost always
results from an interaction between patient (such as age) and situational (such as surgery)
factors (26). Worthy of mention is the fact that more than 50% of all VTE cases were preceded
by hospitalization. All other risk factors together account for about 25% of all VTE, the rest is
idiopathic.

1.1.5 Clinical Presentation
The clinical signs of nonfulminant PE are non-specific (Table 1.2, adapted from Pollack et al.

(36)), as many diseases similarly manifest.

Table 1. 2 Clinical characteristics of patients with suspected PE (36)

Feature PE confirmed PE not confirmed
(n=1880) (n=528)
Dyspnoea, % 50 51
Pleuritic chest pain, % 39 28
Cough, % 23 23
Substernal chest pain, % 15 17
Fever, % 10 10
Haemoptysis, % 8 4
Syncope, % 6 6
Unilateral leg pain, % 6 5
Signs of DVT, % 24 18

In most of the patients, PE is suspected on the basis of chest pain, dyspnoea, pre-syncope or
syncope, and/or haemoptysis (36, 37). Arterial hypotension and shock are rare but important
clinical presentations. Syncope is infrequent, however it may occur regardless of the presence
of haemodynamic instability (38). Finally, PE can be completely asymptomatic and be

discovered incidentally during diagnostic work-up for another disease or at autopsy.

1.1.6 Classification
The PE is classified into three risk groups according to the guidelines of the European Society
of Cardiology (ESC) fom 2019 for prediction of early (in-hospital or 30-day) mortality (26).

For the risk assessment additional to clinical, imaging and laboratory findings a clinical score
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is recommended, the Pulmonary Embolism Severity Index (PESI). This complexed score

required 11 differently weighed parameters for risk assessment. There is also a more practicable

and simplified version (sPESI) available. The strength of the sPESI (Table 1.3, modified (26))

lies in the reliable identification of patients at low risk for 30 day mortality (26).

Table 1. 3 Simplified pulmonary embolism severity index (sPESI) (26)

Parameter Simplified version
Age 1 point (if age > 80 years)
Cancer 1 point
Chronic heart failure 1 point
Chronic pulmonary disease 1 point
Pulse rate > 110 bpm 1 point
Systolic BP < 100 mmHg 1 point
Arterial oxyhaemoglobin saturation < 90% 1 point
Risk

0 points = 30 day mortality risk 1.0% (95%
CI10.0-2.1%)

> 1point(s) = 30 day mortality risk 10.9%
(95% CI 8.5 —13.2%)

The classification of pulmonary embolism severity and level of clinical risk is show in Table

1.4. (modified (26)). The study was initiated and conducted prior to the introduction of PESI in

the guidelines. However, the current guidelines recommend that patients with signs of RVD or

elevated cardiac biomarkers, despite low low PESI or an sPESI of 0, should be classified into

the intermediate-risk group (26). The reason is that the early all cause mortality rates (1.8% for

RVD and 3.8 for elevated troponin levels (39)) were in the lower range of those previously

reported for PE patients with intermediate-risk (40).
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Table 1. 4 Classification of mortality of patients with acute PE. Modified according to

Konstantinides and colleagues (26)

Early mortality risk Risk parameters
Hemodynamic Clinical Signs of RV Elevated
instability parameters dysfunction in cardiac
of PE echocardiography or troponin
severity MDCT levels
and/or
comorbidity:
sPESI > 1
High + ) + ()
Intermediate Intermediate- - + Both positive
high
Intermediate- - + Either one (or none) positive
low
Low - + Both negative

High-risk pulmonary embolism is characterized by overt hemodynamic instability and warrants
immediate advanced therapy, including consideration of fibrinolysis (26). Hemodynamic
instability is defined as cardiac arrest, obstructive shock (systolic BP < 90 mmHg or
vasopressors required to achieve a BP > 90 mmHg despite an adequate filling status, in
combination with end-organ hypoperfusion), or persistent hypotension (systolic BP <90 mmHg
or a systolic BP drop > 40 mmHg for > 15 min, not caused by new-onset arrhythmia,
hypovolaemia, or sepsis). Early mortality in this group is at least 25% in patients with
hypotension, more than 50% in shock and over 65% in patients requiring resuscitation (41, 42).
In contrast, for patients presenting without systemic hypotension or hemodynamic compromise,
standard anticoagulation is generally considered adequate treatment (43). However, patients
who have acute right ventricular dysfunction and myocardial injury without overt
hemodynamic compromise may be at intermediate risk for an adverse early outcome (26).
Mortality in these patients varied in the literatur between 5% and 16% (5, 44). These patients
(referred to hence-forth as patients with intermediate-risk pulmonary embolism) may also be
candidates for early reperfusion therapy (45). The low-risk group includes patients with stable
circulatory conditions and without signs of right ventricular dysfunction (RVD) or myocardial
damage, and standard anticoagulation is generally considered adequate treatment (43). The

mortality risk is below 1% (5).
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1.1.7 Diagnostic and Therapy
For the assessment of clinical probability of PE, clinical likelihood scores for (Wells or revised
Geneva score) are very well established (46, 47). The Wells score has been validated
extensively using both a three-category scheme (low, moderate, or high clinical probability of
PE) and a two-category scheme (PE likely or unlikely). The revised Geneva score is also simple
and standardized.

In addition to the vital parameters, simple diagnostic tests include chest x-ray, ECG and
arterial blood gas analysis. Although typical variations for PE exist, these parameters are all
unspecific. For example, the S1Q3 (T3) type in ECG, which is often regarded as pathognomonic,

only occurs in 12% of the cases (48).

Diagnostic Imaging
At present, mainly the following imaging methods are used:

e Lower limb compression venous ultrasonography

e Multi-detector computed tomographic (MDCT) angiography

e Ventilation—perfusion scintigraphy

e Echocardiography
MDCT replaces invasive and risky conventional pulmonary angiography as the method of
choice (26). Simultaneously, in the context of risk stratification, this method allows the
evaluation of prognostically relevant parameters, such as the extent of RV dilation (49).

Ventilation—perfusion scintigraphy is a well-studied and validated method of examination.
It is recommended in guidelines in cases of contraindication to MDCT and should be preferred
over MDCT to avoid unnecessary radiation, in particular in younger and female patients in
whom thoracic CT may raise the lifetime risk of breast cancer (26).

In patients with fulminant PE, bedside echocardiography is the diagnostic method of
choice, as doing CT and waiting for laboratory results (D-Dimere) would take too long.
Furthermore, hemodynamically relevant differential diagnoses (e.g., severe LV dysfunction,
acute valvular dysfunction, aortic dissection, or pericardial tamponade) may also be excluded.
Of importance is echocardiography for risk stratification of patients with nonfulminant PE,

when for example RVD or free-floating thrombi are diagnosed in the RV (26).

Biomarkers
D-dimers are determined routinely in suspected PE. The cleavage products from endogenous

fibrinolysis virtually exclude the presence of an PE in a negative test result due to a high
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negative predictive value (50). Conversely, the D-dimer test is not suitable for diagnosing PE /
DVT, since elevated plasma levels are also found in elderly, hospitalized and tumor patients,
for example after trauma, surgical intervention, pregnancy and renal insufficiency (26). The
new ESC guidelines recommend a D-dimer test, using an age-adjusted cut-off or adapted to
clinical probability as an alternative to the fixed cut-off levels and they recommend no
measurement of D-dimers in patients with a high clinical probability, as normal result does not
exclude PE (26).

The determination of TnT /I, BNP / NT-proBNP and more recently H-FABP is important

for risk stratification (see 1.2 Risk stratification).

Therapy

A rapid, risk-adapted initiation of therapy is essential for survival, as most patients die in the
first hours after the initial event due to prompt recurrent embolism (51, 52). In case of clinical
suspicion, anticoagulation should already be initiated in order to reduce the mortality and
recurrence rate (53). The acute-phase treatment consists of administering parenteral
anticoagulation [unfractionated heparin, low molecular weight heparin, or fondaparinux] over
the first 5-10 days. When oral anticoagulation is started in a patient who is eligible for a NOAC
(apixaban, dabigatran, edoxaban or rivaroxaban), a NOAC is recommended in preference to a
vitamin K antagonist (26). The initiation of a vitamin K antagonist should overlap with
parenteral heparin.

In unstable high-risk patients, rapid restoration of pulmonary perfusion in the form of
systemic thrombolysis (e.g. streptokinase) is required to improve RV function by decreasing
elevated pulmonary arterial pressure (26).

In patients without haemodynamic compromise clinical benefits of thrombolysis are
controversial. The PEITHO trial, a multicentre randomized study, compared thrombolysis plus
heparin against placebo plus heparin in patients with intermediate-risk PE (54). The all-cause
7-day mortality was low in both groups and not significantly different. The fibrinolytic therapy
reduced significantly the rate of hemodynamic collapse, but increased the risk of major
haemorrhage and stroke. A central problem of risk stratification is how to correctly identify
patients in this subgroup. The present work aims to contribute to this problem.

In the case of absolute contraindications for thrombolysis or after its unsuccessful
application, operative embolectomy (55) or percutaneous catheter procedures (56) are
alternatives. In the long-term therapy and secondary prophylaxis vitamin K antagonists such as

phenprocoumon or even newer anticoagulants (e.g. rivaroxaban, edoxaban, dabigatran) are
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recommended (26). The duration of treatment depends on the risk profile of the patient and

should be at least 3 months to prevent recurrences (26).

1.2 Risk Stratification

To avert potentially lethal outcomes and to provide adequate therapy for patients, it is of
paramount importance to estimate the patient's risk. McIntyre and Sasahara showed for the first
time that the prognosis of patients with PE mainly depends on the presence and extent of RVD
(57). Therefore, in addition to the hemodynamic status, the right heart function has to be
evaluated. This requires the detection and combined consideration of clinical,

echocardiographic and laboratory markers (45).

1.2.1 Clinical Presentation

The classification of clinical presentation is based on systolic blood pressure (Table 1.2). The
presence of a shock or hypotension indicates a high risk of early death and requires immediately
re-channeling procedures. Persistent hypotension is defined in the present guidelines with
systolic blood pressure < 90 mmHg. Lasting longer than 15 min and not caused by new-onset
arrhythmia, hypovolaemia or sepsis. However, the majority of patients with PE are

normotensive and the risk of mortality is classified as intermediate or low.

1.2.2 Imaging Techniques
For risk assessment, echocardiography and CT are suitable. Echocardiographic findings, which
are indicating RV dysfunction, have been reported in more than 25% of patients with PE (44).
These findings are independent predictors of an adverse outcome (58). Additionally, in
normotensive and haemodynamically stable patients with PE, echocardiographic assessment of
the morphology and function of the RV may help in prognostic stratification.
Echocardiographic findings used to risk stratify patients with PE include RV dilation, an
increased RV-LV diameter ratio, hypokinesia of the free RV wall, increased velocity of the jet
of tricuspid regurgitation, decreased tricuspid annulus plane systolic excursion, or combinations
of the above. Meta-analyses have shown that RV dysfunction in echocardiography is associated
with an increased risk of short-term mortality in haemodynamically stable PE, but its overall
positive predictive value is low (59, 60) .

In MDCT angiography, in particular the RV/LV ratio is meaningful; values greater than

0.9 in the reconstructed 4-chamber view are associated with a 5-fold increased risk of (49). The
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prognostic value of an enlarged RV on CT angiography was confirmed by a prospective
multicentre cohort study (61). However, statements about the dynamic RV function are

difficult.

1.2.3 Biomarkers

Cardiac biomarkers represent a clinically extensively researched area for improving risk
stratification in PE. Specifically, these are mainly TnT / I and BNP, its molecular precursor
(NT) proBNP and, to a limited extent, other laboratory parameters such as myoglobin or D-
dimers. H-FABP used in diagnostics of acute coronary syndrom was first reported in patients
with PE and identified as a prognostic marker (8, 62, 63). For detecting myocardial injury
creatinine kinase isoenzyme MB (CK-MB) is an additional important biomarker, which is used

especially in detecting acute myocardial infarction.

Natriuretic Peptides

BNP and NT-proBNP are established in cardiac heart failure diagnostics (64). The potential of
PE risk stratification is derived from its release mechanism. The stimulus for gene induction
and expression, synthesis and secretion of BNP is the expansion of ventricular cardiomyocytes
in RV dilatation (65). There is no intracellular storage so that several hours may elapse between
the onset of RVD and peptide release, which required repeated testing. Although increased
plasma levels correlate with the presence of RVD, the positive predictive value (PPV) is low
(66). Due to its high negative predictive value (NPV) of more than 99%, its use is mainly to
exclude potentially risk courses (5, 67). On the other hand, in a prospective, multicentre cohort
study, NT-proBNP plasma concentrations of 600 pg/mL were identified as the optimal cut-off

value for the identification of increased risk (68).

Cardiac Troponins

Cardiac troponins (TnT /I) represent the current gold standard in diagnostics of acute coronary
syndrom and are also used in PE to estimate the prognosis (26). They are sensitive indicators
of damage to the cardiomyocytes and show as a necrosis marker in PE a microinfarction of the
right ventricular subendocardial tissue. Since TnT /I values only increase after about six hours,
they have to be determined several times. Elevated plasma levels are found in 11% - 50% of
PE and correlate with the extent of RVD (69). The NPV is over 97%, while the PPV is 12% -
44% (66).
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The role of TnT /I in risk stratification is currently controversial. A meta-analysis from
Becattini et al. with 1985 patients concluded that increased TnT / I levels may identify those
patients (including the Intermediate Risks Group) who are at risk of complicated clinical course
or death (70). However, Jiménez et al. have shown in a meta-analysis with 1366 normotensive
patients, that increased troponin levels within the intermediate risk group do not predict an

increased mortality (71). Further studies confirmed this result (11, 72).

Creatinine kinase isoenzyme MB (CK-MB)

Creatinine kinase isoenzyme MB is an important biomarker for detecting myocardial injury
(73). Many studies have reported that CK-MB is associated with in-hospital and long-term
mortality in patients with acute coronary syndrome (ACS) (74-76). In a large study, Chin et al.
[30] evaluated 16,009 patients with ST elevation myocardial infarction (STEMI) and 26,854
patients with non-STEMI and they found that peak CK-MB level was an independent predictor
of inhospital mortality.

Stein et al investigate the potential prognostic value of CK-MB in normotensive patients
with PE. Although their findings were statistically not significant, CK-MB tended to be a
stronger predictor of death than cTnT and the combination of CK-MB, cTnT and
echocardiography seemed particularly indicative (12).

In patients with acute PE treated with lysis Bozbay et al. (77) showed that a CK-MB value
of more than 31.5 U/L yielded a sensitivity of 86.7% and specificity of 83.5% for predicting in-
hospital mortality.

1.3 Methodological Basics

1.3.1 Molecular Characteristics, Occurrence and Function of H-FABP

The fatty acid binding proteins (FABPs), discovered in a study of intestinal fat absorption, have
been firstly described by Ockner et al. (78). It is a protein family that has a high affinity for
non-covalent binding of fatty acids in the cytosol and transports fatty acids as an intracellular
counterpart to albumin (79). Since fatty acids in the body ubiquitously serve as an energy
source, FABPs are widely distributed in different tissues and thus an integral part of the fatty
acid metabolism. They modulate specific catabolic and anabolic enzymes of lipid metabolism
via their transport function, regulate the cellular fatty acid level (steady state), which influence
the structural integrity of lipid membranes, and are also important for gene regulation and
expression (80). The highest levels of FABPs in humans are detected in liver and heart, in which

the human heart receives approximately 50% - 80% of its energy from lipid oxidation
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accounting for 10% of the total metabolic rate of the fatty acid (81). At present, 9 tissue-specific
FABPs are known, which are specified in the nomenclature with an additional letter (Heart, H-
FABP; Liver, L-FABP; Intestinal, I-FABP; Adipocyte, A-FABP; Epidermal, E-FABP; Ileal, II1-
FABP; Brain, B-FABP; Myelin, M-FABP; Testis, T-FABP) (82). The H-FABP synthesis
occurs mainly in cardiomyocytes, but to a lesser extent also in skeletal muscle, kidney distal
tubule cells, some portions of the brain, and the lactating mamma and placenta (83). The
elimination occurs by kidney. The molecular characteristics are depicted in table 1.5 (84). H-
FABP is a stable protein that survives multiple freeze and thaw cycles without loss of

immunoreactivity (85).

Table 1. 5 Molecular characteristics of H-FABP

Characteristics Structure
Classification Lipid-binding protein
Molecular weight 14748.00 Da
Number of amino acids 132
Secondary structure 15% o-helix

53% B-leaflet (10 Strénge)

Gene locus 1p32-p33

Occurence esp. heart muscle

1.3.2 Clinical Significance of H-FABP

While H-FABP is a strict intracellular protein, the plasma concentration of H-FABP measured
in healthy individuals is less than 5 ng/ml. This is probably caused by stressed,
microtraumatized skeletal muscles (83). Plasma levels vary according to gender (greater muscle
mass in men) and age (decreased renal clearance). When combined with clinical symptoms,
measured values above 6 ng/ml are considered pathological (83). Due to the low molecular
weight and the unbound localization in the cytoplasm, a rapid release into the plasma occurs
after myocardial ischemia. The high intracellular, but low extracellular concentration leads to a
steep increase in concentration, which is detectable already 20 minutes after injury and whose
maximum is three to four hours. Complete renal elimination occurs in normal renal function

within 24 to 36 hours (86).
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H-FABP in Heart Diseases

Since the 1990s, H-FABP assays have been successfully used in early diagnosis in suspected
acute coronary syndrome. It is superior to the other plasma markers like myoglobin, creatine
kinase isoenzyme MB (CK-MB), and TnT in terms of sensitivity and specificity in the time
window up to 6 hours after injury (8, 86). At the same time, normalization within 36 hours
offers the opportunity to diagnose any reinfarction that would be obscured by the kinetics of
the other markers (83). H-FABP could also be of importance in left heart failure (87) and

chronic thromboembolic pulmonary hypertension (88).

H-FABP in Pulmonary Embolism
Due to promising results in the risk stratification of patients with acute coronary syndrom, H-
FABP was also of interest for assessing the prognosis in PE. The first related study was

published by Kaczynska et al. (63), further studies followed (11, 72).

1.3.3 Right Ventricular Anatomy and Echocardiographic Assessment

The RV conforms to the ellipsoid-shaped LV in a crescent shape with complex geometry and
is anatomically-functional structered in two parts, the inflow and outflow tract (89). The
complex anatomy and the fact that the main task of the RV is - in contrast to the pressure-
generating LV - volume transport, is reflected in the different contraction mechanism. While
the LV predominantly contracts via a concentric-rotatory movement, the RV “pushes” the blood
further into the pulmonary circulation, mainly via a shortening of the length with a rotational
component. However, volume transport is poorly quantifiable by echocardiography, so that the
RV function could be assessed almost exclusively on a qualitative basis only (13). For better
assessability, echocardiographic parameters such as the TAPSE or mTDI are increasingly being

used.
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Figure 1. 3 Echocardiographic views of the right ventricle (RV).
The RV viewed from apical four-chamber view with the right atrium (RA). A, annular level;

B, basal level; M, mid level; Ap, apical level.

Selected Parameters for Diagnosis of Acute Right Ventricular Dysfunction
Table 1.6 gives an overview of specific echocardiographic findings that can be evaluated in the
transthoracic examination, which often can but do not have to occur on the RV under acute

pressure (89, 90).
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Table 1. 6 Typical echocardiographic findings in acute pressure overload of the RV (89, 90)

Explanation Method Standard Value
Paradoxic septal | Systolic turn of the septum | 2D, M-Mode negative
movement towards LV, impairment of

LV filling
TAPSE Distance of tricuspid annulus | M-Mode 25,5+ 4,7 mm

movement from end diastole
to end-systole, correlation

with RV ejection fraction

McConnell sign Hypokinesia of the middle | 2D negative
free RV wall with normal

contraction of the RV apex

Increased right | Quantifying the pressure | Bernoulli's <35mmHg
ventricular  systolic | load of the RV equation

pressure (RVSP)

RV dilatation Extension of the end-|2D <30mm

diastolic RV diameter

RA dilatation Extension of the end-systolic | 2D <40mm
RA diameter

Tricuspid Extension of the tricuspid | colour Doppler, | negative

regurgitation annulus in RA and RV | CW Doppler

dilation leads to incapacity

2D — two dimensional, CW — continuous wave, M-mode — motion mode

1.3.4 Myocardial Tissue Doppler Imaging

The technique is based on the principles of Doppler echocardiography. Signals are analyzed
that are not derived from cellular blood components (conventional Doppler), but from the
surrounding tissue. The tissue signals are higher in amplitude (about 100 times) and slower (less
than 10 cm/s) compared to blood. In conventional Doppler, the slower, tissue-specific signals
are filtered out. To measure selectively tissue movements, opposite frequency and amplitude
filters were used and the overall gain is reduced. The representation can be color-coded in 2D
mode or as pulsed-wave (PW) Doppler (91). The mTDI thus allows a statement about the

systolic and diastolic function via the examination of regional myocardial velocities and may
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show abnormalities earlier than affecting global function. The mTDI thus provides information
on the systolic and diastolic function through the examination of regional myocardial velocities

and may show abnormalities before impairment of global function earlier (91).

Application

The PW Doppler beam is placed in the myocardium section of interest. The velocity of tissue
movement is represented as a function of time. In the measured myocardial movements, the
systolic (S ') and the early (E') and late-diastolic (A ') peak velocities can be distinguished.
Figure 1.3 illustrates the derivation and representation schematically. To avoid axial and
resulting velocity deviations, mTDI should be performed apically, since the position of the apex
is relatively fixed during the contraction cycle and the movement in the frontal plane is
approximately parallel to the measurement point. The results can be reproduced between

different examiners (92).

Figure 1. 4 mTDI of right ventricle, normal findings.
Sa=S’14 cm/s, Ea =E’ 16 cm/s, Aa = A’ 10 cm/s (different nomenclatures exist); further
referred to: ejection (ET), (isovolumic) relaxation (IVRT) and contraction time (IVCT) as well

as relaxation and contraction rates (IVR, IVC)

The standard values of the lateral tricuspid ring are 14.5+2.6 cm/sforS', 14.1 £3.7cm/s
for E'and 16.6 £ 5.5 cm /s for A ' (89).
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Figure 1. 5 Myocardial velocities in mTDI by means of PW-Doppler (schematic).

S 'is the peak velocity of myocardial shortening during the (S) ystole. This is followed by the
myocardial movement, which results from the premature ([E] arly) filling of the ventricle (peak
velocity E '). Directly after the P-wave in the ECG, the (A) triale contraction causes (= late-
diastolic) myocardial movement with the peak velocity A '. Positive deflections are caused by
motion away from the transducer, negative by movement towards the transducer. Isovolemic

contraction and relaxation phases are not indicated.
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2 Aim and Hypothesis

Currently, for the group of normotensive patients with RVD (intermediate mortality risk) there
are only limited satisfactory therapy recommendations (26). There may be a subgroup of
"normotensive high-risk patients" with a significantly higher mortality risk. The question is
whether and which of these patients could benefit from thrombolysis. In view of the doubts
regarding the suitability of troponin as a prognostic indicator (71), the key question for the
identification of these patients is yet unanswered. Furthermore, TAPSE and mTDI are emerging
prognostic indicators in normotensive patients with PE.

The objective of the study is to assess the potential role for prognostic value (PE-related
mortality within 30 days) of CK-MB and TDI in echocardiography in view of both new (H-
FABP) and established (¢cTnT/I, RVD) risk markers. CK-MB and additional echocardiografic
parameters like TDI have not been studied in detail for risk assessment in patients with
intermediate risk pulmonary embolism.

The thesis has two hypotheses which are observational in nature:

* Heart-type Fatty Acid Binding Protein and Creatine Kinase isoenzyme MB are better
prognostic factors than cardiac biomarkers troponin T, troponin I and CK, in patients

with pulmonary embolism and intermediate risk of death within 30 days

* In patients with intermediate risk pulmonary embolism, advanced echocardiografic
parameters (tissue Doppler imaging) provide a better prognostic value than well-
established parameters (RV diameter, RV/LV-index, paradoxical septum movement,
McConnell sign, right ventricular ejection fraction, Tricuspid Annular Plane Systolic

Excursion).
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3 Methods

3.1 Study Design

Between 2005 and 2010 consecutive patients diagnosed and treated with pulmonary artery
embolism at the Heart Center Dresden (University Hospital of the Faculty of Medicine Carl
Gustav Carus of the Dresden University of Technology) and with a systolic blood pressure
above 90 mmHg at admission were included. There was a comprehensive education of all
patients about the type, extent and evaluation of this study designed as an observational study.
The necessary measurements (blood collection and echocardiographic examination) were
integrated into the normal routine diagnostic procedure, so no additional procedures or
examinations were needed. The results of the investigation did not at any time determine the
further diagnostic-therapeutic procedure and treating physicians had no knowledge of the test
results. The study protocol was approved by the local ethical committee from Dresden

University of Technology.

Detection of Pulmonary Embolism

Diagnosis assurance was performed by using MDCT and ventilation—perfusion scintigraphy,
taking into account clinical probability (46) and D-dimer levels. In unstable circulatory situation
and resulting transport inability the diagnosis was made by bedside transthoracic

echocardiography and compression sonography of the leg veins (diagnosis of DVT).

Blood Collection and Laboratory Parameters

The study protocol provided for blood sampling within 6 hours of hospital admission or
diagnosis, which could be ensured by integration into the routine reception lab. In addition to
the laboratory routine, an H-FABP quick test was used in all cases (see 2.2). After
centrifugation! and pipetting off the plasma, the samples were frozen at -80 °C for later
quantitative collection and disposed of after measurement. The routine laboratory also included

the determination of Tnl?, creatine kinase (CK) and CK-MB?, D-dimers*, creatinine, urea,

! Heraeus Megafuge R, 4000 rpm for 10 minutes at 4°C

2 Chemiluminescent immunoassay of Ortho-Clinical Diagnostics Inc, upper reference 0.08 ng ml

? Immunoinhibition assay, Hitachi analyzer (Trinity PLC, Bray, Ireland), upper reference 0.4 pkat/1

4 Latex agglutination test, Hitachi analyzer (Trinity PLC, Bray, Ireland), upper reference value 0.25
pg/ml
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glomerular filtration rate (GFR)® (93), small blood counts, glucose, electrolytes, transaminases,

coagulation parameters and thyroid stimulating hormone (TSH).

Transthoracic Echocardiography

After diagnosis, the study protocol provided for the implementation of transthoracic
echocardiography (parameters and technique description see 2.3.1) within 3 hours. The number
of examiners was limited to experienced users who had no knowledge about the H-FABP test

result.

Inclusion / Exclusion Criteria

Patients aged 18 and over were included in the study if a diagnosed PE was the cause of the
acute symptoms and if the systolic blood pressure was above 90 mmHg. After informed consent
was given, patients were included in the study. Exclusion from the study happened in case of
cardiogenic shock, haemodynamic instability, catecholamine administration or systolic blood
pressure below 90 mmHg, or concomitantly diseases such as acute coronary syndrome,
decompensated cardiac failure, pulmonary hypertension, severe respiratory diseases such as
chronic obstructive pulmonary disease, severe chronic renal insufficiency IV¢ (79, 94), or

severe muscle disease.

Outcomes
The definition of the primary endpoint included the lethal course within 30 days of hospital
admission (30-day lethality).

The secondary endpoint was a complicated clinical course within 30 days. This included
the following events: successful resuscitation; cardiogenic shock or hypotension’; use of
catecholamines for circulatory stabilization; therapy escalation in the form of thrombolysis,

embolectomy, intubation and mechanical ventilation or extracorporeal membrane oxygenation.

3.2 H-FABP Determination
Qualitatively
The commercially available quick test CardioDetect® med from Rennesens GmbH was used

for the qualitative determination of H-FABP (Table 2.1). This test is based on a non-competitive

3 calculated according to the "Modification of Diet in Renal Disease" formula
¢ GFR <30ml/min
7 systolic blood pressure <90mmHg or drop by at least 40mmHg over 15min
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immunoassay ("sandwich" method) with two monoclonal antibodies, where the gold-labeled
primary monoclonal antibody released from the matrix by the added sample fluid forms an
intermediate complex with H-FABP and is transported through the detection zone. At the
position designated as "H-FABP", the intermediate-complex forms a sandwich complex with
the second monoclonal antibody bound there. When the threshold concentration of 7 ng / ml in
the sample is exceeded, the sandwich complex appears as a violet band (test positive). If the
concentration falls below 7 ng/ml, insufficient amounts of intermediate and secondary

complexes are formed and the band does not appear (test negative).

Table 3. 1 Properties of the H-FABP quick test (95)

Characteristics
Threshold 7 7 ng /ml
Sample material whole blood, serum, plasma
Sample amount 80-100 pl
Time window 20 min to 1 day
Test duration 15 min
Sensitivity 69.1%

3.3 Echocardiographic Examination

3.3.1 Conventional Echocardiography of the Right Ventricle

For the standardized transthoracic echocardiographic examination, the device "I33" (type 2D
Echo) from Philips was used. The examination was done at the bedside in left lateral position
with synchronous ECG derivation. The aim was, in addition to the evaluation of LV and global
pump function, the determination of various RV parameters.

The quantitative measurement of RV and RA diameters as well as the qualitative
assessment of the RV function was performed in B(rightness) mode in the apical 4-chamber
view. The RV pressure ratios and pumping function were assessed visually by the examiner.
The RV ejection fraction was determined by the modified Simpson method (96) and defined a
value <45% as a moderate to severe restriction (97). Furthermore, the presence of a paradoxical
septal movement or a positive McConnell sign was of interest.

To calculate the RV / LV ratio of the cross-sectional area and the eccentricity index, the
measurement of the RV and LV diameters occurred in the M(otion) mode. In the next step, the

TAPSE was determined by placing the signal over the lateral tricuspid valve annulus. The
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repeated septal examination in the short parasternal axis served to verify or exclude a
paradoxical movement.

Using the CW (continous wave) Doppler, quantification of concomitant tricuspid
regurgitation (TR) was performed. By means of the modified Bernoulli equation®, the TR signal
was used to estimate the pulmonary artery pressure and above that the pressure load of the RV

in the systole (RVSP).

Echocardiographic Evidence of RV Dysfunction
Echocardiographic recording of RVD is one of the cornerstones of risk stratification algorithms
in addition to laboratory testing and suggests an increased mortality risk in normotensive
patients (26, 58). The echocardiographic diagnosis was defined according to
Konstantinides (69):

e Hypokinesia of the free RV wall

e RV dilation, end diastolic diameter (EDD)> 30mm or RVEDD / LVEDD > 0.9

e Paradoxical septal movement

e Increased RVSP and extension or congestion of the inferior vena cava.
Since a generally accepted definition does not yet exist, only patients with a completely normal
echo (and normal laboratory parameters) have been classified as low risk based on current

guidelines (26).

3.3.2 Myocardial Tissue Doppler Imaging

The measurement of the mTDI parameters was carried out as part of the transthoracic
echocardiographic examination by apical placement of the PW Doppler beam in the to be
examined myocardium section. The detected velocities S ', E' and A 'of the lateral tricuspid ring
are well-studied and validated reference values are available (see 1.3.4), where S' correlates

very well with the systolic RV function (89, 92).

3.4 Statistics

For data collection, a pseudonymized database was used. The statistical analysis was done with

SPSS (Version 15.0, IBM, USA) after coding of binary and ordinal scaled variables. The

8 Ppaeysn=4 X VZmaxern+ Pra , the RA pressure is represented by the breath-modulated width of the V. cava inferior
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normal distribution test of continuous variables was done according to the sample size using
the Lilliefor corrected Kolmogorov-Smirnov test or the Shapiro-Wilks test.

Descriptive statistical values, unless otherwise indicated, are mean + standard deviation. In
the case of deviation from the normal distribution, the median is given with the associated 0.25
and 0.75 quantiles (lower-upper quartile).

The Student's t-test was used as a statistical significance test to verify the difference
between two independent samples for normally distributed data, and the nonparametric Mann-
Whitney U test for testing non-normalized data.

For the overwhelming majority of the various analyses, the dichotomization and the
presentation of these categorical variables in four-field panel was carried out. Statistical
differences were analyzed using the Pearson j test or Fisher's exact test when more than 25%
of the cells contained expected frequencies less than 5. Depending on the scale level, the
coefficients are given according to Pearson, Spearman or the ¢ coefficient as correlation
measures.

The Kaplan-Meyer analyses show group differences in cumulative survival. For this
purpose, the prognostic parameters Tnl and H-FABP were combined into 4 groups depending
on the positive (+) or negative (-) test result (Tnl +/ H-FABP +, Tnl + / H-FABP-, Tnl- / H-
FABP +, Tnl- / H-FABP-) and by log-rank test for significant differences.

All P values given in the present study are determined by 2-sided tests and considered to
be statistically significant at P <0.05. High-significance results that SPSS outputs with the value
0.000 are specified in the work as <0.001. For reasons of clarity, values with p>0.1 are replaced

by "not significant" (ns).

Logistic Regression Analysis

Regarding their prognostic value, the biochemical and clinical parameters were subjected to a
univariate and multivariate logistic regression analysis. The univariate logistic regression
analysis identifies possible prognostic factors with regard to the outcomes (= dependent
variables) through their individual examination. The classification as a significant potential
predictor applies to parameters whose calculated 95% confidence interval (95% CI) of the odds
ratio (OR) does not contain the value "1" and whose p-value in the likelihood ratio test is less
than 0.05. Subsequently, the stepwise investigation of the factors identified was carried out with
a multivariate logistic regression model in order to uncover mutual influences of the covariate

or prediction parameters.
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Receiver Operating Characteristic (ROC) Analysis

To determine the reliability and as a measure of the selectivity of the diagnostic parameters,
ROC analyzes were performed and the area under the curve (AUC) was determined. Selectivity
is when the AUC is greater than 0.5 and the result is statistically significant (P <0.05). Based
on the coordinates of the curves, it was also possible to determine threshold values for the
parameters investigated at the points of the best possible sensitivity and specificity. The
analyzes and comparisons of the ROC curves were done with Medcalc (version 12.2.1,

MedCalc Software, Belgium).
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4 Results

4.1 Patient Characteristics

For this study 176 consecutive patients were screened. Eight patients were excluded due to
comorbidities, which included acute myocardial infarction (n = 2), exacerbated COPD (n = 3),
acute heart failure with right heart decompensation (n = 2) and a mediastinal tumor (n = 1).
Another seven patients were excluded because of systolic RR values lower than 90 mmHg,

limited GFR or incomplete laboratory values (Figure 4.1).

Suspected PE
176 patients

Alternative diagnosis, concomitant disease

Confirmed PE
168 patients

Systolic BP < 90 mmHg

PE with intermediate risk
162 patients

GFR < 30 ml/min

161 patients

Figure 4. 1 Number of patients

4.1.1 Demographic data
Table 4.1 provides an overview of the study population in terms of age, sex, PE-related
parameters and risk factors, as well as comorbidities and renal function.

The mean age was 69 = 13.5 years and women (n = 90; 55.9%) were more represented than
men (n=71; 44.1%). In 70% of patients, DVT was found to be the cause of PE, and in around
32% of patients a history of classic risk factors such as immobilization was found. More than
75% of the patients had arterial hypertension, about 50% had hyperlipidemia and about 29%
had type 2 diabetes mellitus. An underlying malignancy or history of malignant disease was
found in 18% of patients. The average body mass index (BMI) was 29.2 + 5.7 kg/m?, and
average values of creatinine and urea were 100 pmol/l (IQR 83-129) and 6.8 mmol/l (IQR 5.5-
9.9) respectively. The average length of hospital stay was 8.7 £ 4.7 days (Table 4.1).
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Table 4. 1 Baseline characteristics of the subjects

Baseline Characteristics N=161
Age (years); mean+SD 69 +£13.5
Gender (females); N (%) 90 (55.9)
sPESI > 1; N (%) 71 (44)
Acute onset (<3 days); N (%) 61 (37.9)
DVT; N (%) 113 (70.2)
Cancer; N (%) 29 (18.1)
Hypertension; N (%) 124 (77)
Diabetes mellitus; N (%) 46 (28.6)
HLP; N (%) 79 (49.1)
Smoking; N (%) 14 (8.7)
BMI (kg/m?); mean+SD 29.2+5.7
Creatinine (upmol/l); median (IQR) 100 (83-129)
Urea (mmol/l); median (IQR) 6.8 (5.5-9.9)
GFR (ml/min); mean+SD 56 £19

4.1.2 Endpoints

Primary endpoint

Overall, 16 of 161 patients died, after 4.3 + 3.8 days from admission. This equates to a 30-day

mortality rate of 9.9%. Table 3.2 gives an overview of demographic data of deceased and

Survivors.

Deceased patients tended to be younger and male, although this observation was not

statistically significant. There was no significant difference between both groups regard to a

sPESI > 1. Strikingly the symptoms of the deceased were significantly more frequently

manifested acutely. In addition, malignant tumors and, more rarely, hyperlipidemia were found

to be significantly more frequent in deceased patients. Renal function was significantly more

decreased in deceased patients.
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Table 4. 2 Baseline characteristics in relation to 30-day-mortality

Primary endpoint Deceased patients Survived patients P
(n=16) (n=145)
Age (years); mean+SD 63.0+17.0 69.5+13.0 0.313
Gender (females); N (%) 7 (43.7) 83 (57.2) 0.302
Acute onset (<3 days); N (%) 12 (75.0) 49 (33.8) 0.001
sPESI (=1); N (%) 9 (56.3) 62 (42.8) 0.302
DVT; N (%) 10 (62.5) 103 (71.0) 0.566
Cancer; N (%) 6 (37.5) 23 (15.9) 0.044
Hypertension; N (%) 10 (62.5) 114 (78.6) 0.206
Diabetes mellitus; N (%) 8 (50.0) 38 (26.2) 0.076
HLP; N (%) 4 (25.0) 75 (51.7%) 0.042
Smoking; N (%) 1(6.3) 14 (9.7%) 1.000
BMI (kg/m?); mean+SD 30.6 +7.9 291 + 54 0.741
Creatinine (umol/l); median (IQR) 144 (91-219) 98 (82-122) 0.007
Urea (mmol/l); median (IQR) 7.6 (5.2-21.7) 6.8 (4.2-9.5) 0.267
GFR (ml/min); mean+SD 43 12 58+ 18 0.003

Secondary endpoint

Of the 145 surviving patients, 25 patients (17.2%) had a complicated clinical course. 2 (8%) of

them were reanimated, 18 (72%) lysed, 12 (48%) received catecholamines and one patient (4%)

was embolectomized. Table 4.3 shows that patients differ only in the distribution of

malignancies significantly. Furthermore, patients with nicotine abuse tended to have

complications, but the difference was not significant (P = 0.068).
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Table 4. 3 Baseline characteristics in relation to complicated clinical course

Secondary endpoint complicated clinical | non-complicated clinical P
course (n=25) course (n=120)
Age (years); mean+SD 67.8+12.5 69.8 +13.1 0.689
Gender (females); N (%) 17 (68.0) 66 (55.0) 0.185
Acute onset (<3 days); N (%) 9 (36.0) 40 (33.3) 0.832
sPESI (=1); N (%) 14 (56.0) 48 (40.0) 0.192
DVT; N (%) 18 (72.0) 85 (70.8) 0.829
Cancer; N (%) 0(0.0) 23 (19.2) 0.011
Hypertension; N (%) 20 (80.0) 94 (78.3) 0.700
Diabetes mellitus; N (%) 5(20.0) 33 (27.5) 0.302
HLP; N (%) 14 (56.0) 61 (50.8) 0.451
Smoking; N (%) 5(20.0) 9(7.5) 0.068
BMI (kg/m?); mean+SD 27.5+3.9 29.4+5.7 0.083
Creatinine (umol/l); median (IQR) 97 (83-113) 101 (83-130) 0.371
Urea (mmol/l); median (IQR) 7.1 (5.0-10.7) 6.8 (5.3-9.8) 0.734
GFR (ml/min); mean+SD 58.5+£16.3 57.7+18.3 0.393

4.1.3 Risk profile

Clinical parameters

The clinical parameters of systolic blood pressure, heart rate and oxygen saturation are plotted

against the endpoints in Table 4.4. Patients who reached an endpoint had significantly lower

systolic blood pressure and significantly higher heart rates. Oxygen saturation was only

significantly different in patients who had a complicated clinical course.
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Table 4. 4 Clinical parameters related to the endpoints

30-day-mortality

positive (n=16) negative (n=145) P
RRgys (mmHg); mean+SD 103+11 135422 0.001
HR (min™); mean+SD 110£25 90+18 0.009
Sa0; (%); mean+=SD 91+£7.6 92+4.9 ns
Complicated clinical course
positive (n=25) negative (n=120) P
RRgys (mmHg); mean+SD 124423 138421 0.005
HR (min™); mean+SD 98+16 88+18 0.018
Sa0; (%); mean+=SD 90+5.6 93+4.5 0.037

Labratory parameters

Tables 4.5 and 4.6 illustrate the differences in the laboratory parameters between the individual

groups. All cardiac biomarkers, besides D-dimers, were significantly increased in deceased

patients compared to survivors (Tabl. 4.5). In patients with a complicated clinical course, only

the H-FABP rapid test was significantly more positive (Table 4.6).

Table 4. 5 Laboratory values related to the 30-day-mortality

Deceased patients Survived patients p
(n=16) (n=145)

H-FABP (positive); N (%) 15 (93.8) 11 (7.6) <0.001
Tnl (positive > 0.08ng/ml); N (%) 13 (81.3) 53 (36.6) 0.001
Tnl (ng/ml); median (IQR) 0.21 (0.03-0.72) 0.04 (0.01-0.68) 0.001
CK (positive > 2.85 pkat/L); N (%) 9 (56.3) 25(17.2) 0.002
CK (pkat/l); median (IQR) 3.01 (1.10-25.13) 1.27 (0.86-2.11) <0.001
CK-MB (positive > 0.4 pkat/L); N (%) 14 (87.5) 27 (18.6) <0.001
CK-MB (ukat/l); median (IQR) 1.44 (0.38-4.02) 0.22 (0.15-0.31) <0.001
D-dimere (png/ml); median (IQR) 3.48 (2.17-8.03) 2.71 (1.87-6.96) 0.365
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Table 4. 6 Laboratory values related to complicated clinical course

complicated clinical | non-complicated clinical p
course (n=25) course (n=120)

H-FABP (positive); N (%) 7 (28.0) 4(3.3) <0.001
Tnl (positive > 0.08ng/ml); N (%) 10 (40.0) 43 (35.8) 0.646
Tnl (ng/ml); median (IQR) 0.05 (0.01-0.02) 0.04 (0.01-0.10) 0.825
CK (positive > 2.85 pkat/L); N (%) 7 (28.0) 28 (23.3) 0.556
CK (pkat/l); median (IQR) 1.35(0.34-1.29) 1.28 (0.89-2.44) 0.256
CK-MB (positive > 0.4 pkat/L); N (%) 3 (12.0) 36 (30.0) 0.132
CK-MB (ukat/l); median (IQR) 0.37 (0.15-2.54) 0.22 (0.15-0.40) 0.388
D-dimere (pug/ml); median (IQR) 2.69 (2.39-16.40) 2.73 (2.06-7.73) 0.403

Echocardiography

Deceased patients had significantly enlarged RV and significantly smaller LV diameters.
Accordingly, the RV / LV and LV / RV indices differ at P <0.001 (Table 4.7). A paradoxical
septal movement was found to be significantly more frequent in deceased patients (P = 0.001).
The presence of a McConnell sign was also significantly different between patients who died
and those who survived (P = 0.044). There were no significant differences between the groups
for the ventricular geometry (sphericity index, eccentricity index), RVSP level, tricuspid
incidence, and LV function.

Among the specific RV parameters, only the visually estimated RV ejection function and
the TAPSE showed highly significant differences. Thus, the RV ejection function was moderate
in deceased patients and only slightly decreased in survivors (P <0.001). The average TAPSE
values in deceased patients were 5 mm below those of surviving patients (P <0.001). Although
the mTDI parameters tended to be reduced, the differences did not reach statistical significance

(Table 4.7).
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Table 4. 7 Echocardiographic parameter related to 30 day-mortality

Deceased patients Survived patients .
(n=16) (n=145)
Enlarged RV; N (%) 16 (100) 112 (77.2) 0.044
RV-diameter (mm); mean+SD 41.3+4.7 36.5£6.0 0.004
LV-diameter (mm); mean+SD 382+43 43.6+£7.0 0.003
LV/RV ratio; mean+SD 0.94+0.17 1.24+0.33 <0.001
RV/LV ratio; mean+SD 1.09+0.19 0.86+0.21 <0.001
Sphericity index; mean+SD 1.77 £0.32 1.72+0.47 0.805
Eccentricity index; mean+SD 1.55+0.29 1.68 +0.47 0.716
PSM; N (%) 13 (81.3) 53 (36.6) 0.001
Positive McConnell-sign; N (%) 12 (75.0) 74 (51.0) 0.044
RVSP (mmHg); mean+SD 51+14 55116 0.427
Restriction RV function; N (%) 15 (93.8) 106 (73.1)
- non 1(6.3) 39 (26.9)
- low-grade 1(6.3) 39 (26.9)
- Moderate 8 (50.0) 55(37.9) <0.001
- high-grade 6 (37.5) 12 (8.3)
Tricuspid regurgitation; N (%) 16 (100) 141 (97.2)
-TII° 2 (12.5) 63 (43.4)
-TI1I° 10 (62.5) 67 (46.2) 0.135
-TIIII° 4 (25.0) 11 (7.6)
LVEF (%); mean+SD 53+10 55+10 0.378
TAPSE (mm); mean+SD 13.7+4.1 18.7+4.8 <0.001
S’ (cm/s); mean+SD 11.5+49 12.0+3.2 0.692
E’ (cm/s); mean+SD 7.5+£50 92+35 0.215
A’ (cm/s); mean£SD 129+4.5 13.6+4.9 0.703

The results of the size indices of patients with complicated clinical history are similar to
those of the deceased (Table 4.8). A positive McConnell sign was found to be highly significant
in patients with complicated clinical course (P <0.001). Again, the groups are not significantly
different in terms of ventricular geometry, average RVSP, and LVEF.

However, there was a significant difference in tricuspid regurgitation with (P =0.031). 80
of patients with complicated clinical course had a regurgitation grade II-III. Almost 92 of
patients without complications had a regurgitation grade I-Il. RV function was also more

limited in patients with complicated clinical course (P <0.001). The TAPSE values differed
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significantly between the groups related to 30-day mortality and complicated course, as well as
there was also a significant difference between the groups for S 'with p = 0.02 in primary and

secondary endpoint.

Table 4. 8 Echocardiographic parameter related to complicated clinical course

complicated non-complicated
clinical course clinical course p
(n=25) (n=120)
Enlarged RV; N (%) 25 (100) 87 (72.5) 0.003
RV-diameter (mm); mean+SD 39.4+5.2 359+6.0 0.008
LV-diameter (mm); mean+SD 403+£5.5 443+7.1 0.005
LV/RV ratio; mean+SD 1.06 +0.24 1.28 £ 0.33 0.002
RV/LV ratio; mean+SD 0.98 +0.21 0.83+0.21 0.001
Sphericity index; mean+SD 1.74 £0.37 1.71 £0.49 0.918
Eccentricity index; meantSD 1.93+£0.37 1.57+0.49 0.09
PSM; N (%) 12 (48.0) 41 (34.2) 0.507
Positive McConnell-sign; N (%) 22 (88.0) 52 (43.3) <0.001
RVSP (mmHg); mean+SD 59+ 16 54+ 16 0.139
Restriction RV function; N (%) 25 (100.0) 81 (67.5)
- non 0 (0.0) 39 (32.5)
- low-grade 4 (16.0) 35(29.2)
- Moderate 16 (64.0) 39 (32.5) <0.001
- high-grade 5(20.0) 7 (5.8)
Tricuspid regurgitation; N (%) 25 (100) 119 (99.2)
-TII° 5(20.0) 58 (48.3)
-TL 1I° 17 (68.0) 51 (42.5) 0.031
-TII° 3 (12.0) 10 (8.3)
LVEF (%); mean+SD 53+11 56+ 10 0.333
TAPSE (mm); mean+SD 13.9+3.7 19.7+4.5 <0.001
S’ (cm/s); mean+SD 10.5+3.2 124+3.0 0.025
E’ (cm/s); mean+SD 8.1+2.6 9.4+3.7 0.343
A’ (cm/s); mean£SD 12.5+£5.7 13.8+4.7 0.403

Ventricular size ratios are well described by the RV / LV index and are highly significantly
different between the endpoint groups. Furthermore, the paradoxical septal movement was

significantly more prevalent in deceased patients than in patients with a complicated clinical
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course. Conversely, in patients with a complicated course it was significantly more likely to
find a positive McConnell sign. In addition to the visual assessment of the RV function, the
TAPSE value with a P <0.001 was the best quantifiable parameter for mapping the RV function
in both groups, which is reflected in a higher correlation coefficient compared to S' (TAPSE,
R=0.539, P<0.001; S', R=0.162, P<0.001). In addition to the visual assessment of the RV
function, the TAPSE with a P <0.001 was the best quantifiable parameter for mapping the RV
function in both groups. With the exception of S' in patients with a complicated clinical course,

there were no significant differences in mTDI parameters.

4.2 Risk stratification
4.2.1 Comparsion between Tnl, CK-MB and H-FABP

Tnl is currently the established biomarker for laboratory risk stratification in PE (26). In order
to review and compare how H-FABP, CK-MB and Tnl indicate demographic, clinical and
echocardiographic data of the deceased and / or patients with a complicated clinical course, the
results after H-FABP, CK-MB and Tnl were stratified. Overall, 26 out of 161 patients (16.1)
had a positive H-FABP test result, 41 (25.5%) had positive CK-MB and 66 out of 161 (41%)
had elevated Tnl levels.

Demographic data

Table 4.9 compares the basic data of H-FABP, CK-MB and Tnl-positive patients. Patients with
positive laboratory parameters had significantly more acute onset of PE. Furthermore, it is
noticeable that patients with positive biomarkers showed significantly more diabetic metabolic
status. H-FABP- and CK-MB positive patients often had a positive history for typical DVT risk
factors (P = 0.009). In patients with positive CK-MB levels creatinine and urea were

significantly increased.
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Table 4. 9 Basic data depending on H-FABP, Tnl, CK-MB

H-FABP Troponine I CK-MB

positive negative positive | negative positive negative
(n=26) (n=135) P (n=66) (n=95) P (n=41) (n=120) P
Age (years); mean+SD 67.7+153 | 69.1+13.1 | 0.627 | 68.7+13.3 | 69+13.7|0.698 | 68.7+154| 69.2+12.8 | 0.830
Gender (females); N (%) 11 (42.3) 79 (58.5) | 0.127 39 (59.1) | 51(53.7) | 0.354 28 (68.3) 60 (50) | 0.290
Acute onset (<3 days); N (%) 16 (61.5) 45 (33.3) | 0.007 34 (51.5) | 27(28.4)| 0.003 22 (53.7) 38 (31.7) | 0.007
Typicale anamnese; N (%) 14 (53.8) 37 (27.4) | 0.009 25(37.9) | 26(27.4) | 0.407 13 (31.7) 37 (30.8) | 0.009
DVT; N (%) 17 (65.4) 96 (71.1) | 0.559 47 (71.2) | 66 (69.5) | 0.982 28 (68.3) 83(69.2) | 0.844
Malignancy; N (%) 7 (26.9) 22 (16.3) | 0.197 17 (25.8) | 12(12.6) | 0.033 10 (2.4) 18 (15) | 0.303
Hypertonus; N (%) 17 (65.4) | 107 (79.3) | 0.124 47 (71.2) | 77 (81.1) | 0.423 33 (80.5) 88(73.3) | 0.217
Diabetes; N (%) 13 (50.0) 33 (24.4) | 0.008 25(37.9) | 21(22.1)| 0.029 19 (46.3) 25(20.8) | 0.008
Dyslipidemia; N (%) 13 (50.0) 66 (48.9) | 0.917 39(59.1) | 40(42.1) | 0.034 19 (46.3) 59 (49.2) | 0.330
Nicotine; N (%) 3(11.5) 12 (8.9) | 0.670 5(7.6) | 10(10.5) | 0.762 3(7.3) 12(10) | 0.714
BMI (kg/m?); mean+SD 29.8+6.9| 29.1+55|0.559 | 299+6.9 | 28.7+4.6|0.222 | 30.7+6.6 28.7+5.4 | 0.191
Creatinine (umol/l); median (IQR) 127 98 | 0.026 99 102 | 0.126 148.3 109.1 | <0.001

(86-203) (82-122) (83-139) | (83-124) (119-189) (102-116)
Urea (mmol/l); median (IQR) 7.9 6.8 | 0.254 6.9 6.8 | 0.856 10.6 7.9 0.003

(5.9-16.5) (5.2-9.5) (5.2-10.2) | (5.3-9.6) (8.3-13.2) (7.1-8.9)
GFR (ml/min); mean+SD 50+ 14 58+£18|0.128 56 +22 5717 | 0.327 49 £20 58+£18 | 0.270
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Clinical risk parameter
H-FABP, Tnl and CK-MB positive patients have significantly lower blood pressures and higher

heart rates compared to biomarker negative patients as depicted in Table 4.10.

Biomarker and endpoints
Table 4.11 shows the endpoints depending on the biomarker status. 15 patients of 26 H-FABP-
positive died (57.7%). One deceased (0.7) was H-FABP-negative (p <0.001). In contrast, 13
out of 66 (19.7%) Tnl-positive patients died and 3 out of 95 (3.2%) Tnl-negative patients (P =
0.001). From 41 CK-MB positive patients 14 (34%) died within 30 days vs. 1 patient who was
CK-MB negative (P <0.001).
The ¢ correlation coefficient for nominal scaled data was 0.701 for H-FABP, 0.513 for CK-
MB and 0.272 for Tnl, so a strong correlation between h-FABP and 30-day mortality can be
assumed.

Looking at the surviving patients (Table 4.11, bottom panel), it is further noted that a
positive H-FABP test was highly significant for complicated clinical course (7 out of 11 vs. 18
out of 134 patients, P <0.001). A ¢ correlation coefficient of 0.352 confirms a weak to medium

correlation for H-FABP and a complicated clinical course.
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Table 4. 10 Clinical parameters depending on H-FABP, Tnl and CK-MB

H-FABP Troponine [ CK-MB
positive negative positive negative positive negative
(n=26) (n=135) P (n=66) (n=95) P (n=41) (n=120) P
RRsys (mmHg); 111£19 136 £22 <0.001 126 £22 136 £24 0.018 119 £23 136 + 24 <0.001
mean+SD
Heart rate (min™'); 108 +21 89+18 <0.001 97+19 88+19 0.005 99 +£22 89+18 0.015
mean+SD
Sa0; (%); mean+SD 91.6+ 93.0+£5.0 0.443 92.9+4.38 92.7+£5.4 0.843 92.7+5.8 92.7+4.9 0.978
6.7
Table 4. 11 Endpoints depending on H-FABP, Tnl and CK-MB
Endpoint H-FABP Troponine I CK-MB
positive negative positive | negative positive negative
(n=26) (n=135) P (n=66) (n=95) P (n=41) (n=120) P
30-day mortality; N (%) 15 (57.7) 1(0.7) | <0.001 | 13(19.7) 3(3.2) 0.001 14 (34.1) 1(0.8) <0.001
positive negative positive | negative positive negative
(n=11) (n=134) P (n=53) (n=92) P (n=39) (n=114) P
Complicated clinical course; N (%) 7 (63.6) 18 (13.4) | <0.001 | 10(18.9) | 15(16.3) 0.553 3(7.7) 21 (19.8) 0.082
- Resuscitation; N (%) 2 (18.1) 0(0.0) 0.004 1(1.9) 1 (L.1) 0.691 13 (33.3) 4 (3.8) <0.001
- Lysis; N (%) 3(27.3) 15 (11.2) 0.078 | 6(11.3) | 12(13.0) 0.762 12 (30.8) 17(14.2) 0.029
- Catecholamines; N (%) 5(45.5) 7(5.2) 0.001 7 (13.2) 5(5.4) 0.102 16 (41.0) 12 (10.5) <0.001
- Embolectomy; N (%) 1(9.1) 0(0.0) 0.076 1(1.9) 0(0.0) 0.363 0(0.0) 1(0.9) 0.557
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4.2.2 Echocardiography
Table 4.12 stratifies the echocardiographic values for H-FABP, Tnl and CK-MB status.
Compared with Table 4.7, it becomes clear that the echo parameters of H-FABP and Tnl-
positive patients are essentially the same as those of deceased patient. Thus, the frequency of
an enlarged RV, the RV / LV index, the frequency of the paradoxical septal movement or the
TAPSE have similar values. Measurements of H-FABP-positive patients more accurately
reflect deceased values, which is particularly evident in the parameters RV / LV-Index and
TAPSE. The TAPSE in H-FABP positive patients at 13.7 + 4.0 mm correspond almost exactly
to the value of deceased patients. For Tnl positives, the TAPSE were significantly lower (P <
0.001). In patients with positive CK-MB levels paradoxical septal movement, positive
McConnell-sign, reduced RV function, LVEF and TAPSE were significantly different
compared to CK-MB negative patients.

For the mTDI parameters, different results were found. S' was significantly decreased in H-
FABP-positive patients compared with H-FABP-negative patients (see Table 4.8). In Tnl and
CK-MB positive patients E’ was significantly decreased compared to Tnl and CK-MB negative

patients.
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Table 4. 12 Echocardiografic parameters in H-FABP, Tnl and CK-MB positive patients

H-FABP Troponin I CK-MB
positive . positive | negative (n=95) positive negative
(n=26) IEANEETE) P (n=66) P (n=41) (n=120) P
Enlarged RV; N (%) 25 (96.2) 103 (76.3) | 0.022 58 (87.9) 70 (73.7) 0.028 31(75.6) 91 (75) 1.RO
RV-diameter (mm); mean+SD 39.8+£43 36.5+62 | 0.012 37.6+53 36.6 6.5 0.357 36.3+6.7 373+£5.6 0.650
LV-diameter (mm); mean+SD 39.9+55 43.7+7.0 | 0.009 419+6.3 44.0+73 0.07 42.03+7.7 43.7+£6.6 0.272
LV/RV ratio; mean+SD 1.02+£0.24 1.25+£0.33 0.001 1.15+£0.36 1.25+£0.32 0.033 1.22+04 1.21+£0.28 0.965
RV/LV ratio; mean+SD 1.02 +£0.21 0.86+0.22 | 0.001 0.93+£0.22 0.85+0.22 0.04 0.90 +0.28 0.87 +£0.19 0317
Sphericity index; mean=SD 1.58 £0.49 1.76 £0.44 | 0.338 1.68 043 1.76 £ 0.46 0.7 1.78 £0.36 1.67 £0.46 0.507
Eccentricity index; mean+SD 1.7+0.04 1.66+0.44 | 0.885 1.53+0.49 1.70 £ 0.45 0.114 1.9+0.13 1.6 +0.49 0.386
PSM; N (%) 15 (57.7) 50(37.0) | 0.034 35(53.0) 30 (31.6) 0.008 23 (56.1) 39 (32.5) 0.014
Positive McConnell; N (%) 20 (76.9 66 (48.9) | 0.009 44 (66.7) 42 (44.2) 0.005 25 (61) 51(42.5) 0.02
RVSP (mm); mean+SD 55+14 54+16 | 0.835 54+13 55+18 0.603 53.7+15.6 54.9+16.2 0.937
Reduced RV function; N (%) 24 (92.3) 97 (71.9) 55(83.3) 66 (69.5) 31(78) 92 (76.7)
- non 2(7.7) 38 (28.1) 11 (16.7) 29 (30.5) 9(21.9) 30 (25)
- low-grade 2(7.7) 38 (28.1) 11 (16.7) 29 (30.5) 5(12.2) 30 (25)
- moderate 14 (53.8) 49 (36.3) |<0.001 31 (47) 32 (33.7) 0.002 19 (46.3) 47 (39.2) 0.06
- high-grade 8(30.8) 10 (7.4) 13 (19.7) 5(5.3) 8 (19.5) 13 (10.8)
Tricuspid regurgitation 23 (88.5) 134 (99.3) 65 (98.5) 95 (100) 38 (92.7) 110 (91.6)
-TII° 5(19.2) 60 (44.4) 22 (33.3) 44 (46.3) 12 (29.3) 47 (39.2)
-TIII° 17 (65.4) 60 (44.4) | 0.035 38 (57.6) 41 (43.2) 0.239 22 (53.7) 52 (43.3) 0.196
-TIIII° 1(3.8) 14 (10.4) 5(7.6) 10 (10.5) 4(9.8) 11(9.2)
LVEF (%); mean+SD 53£9 55+£10 | 0.359 54+ 10 5610 0.022 52+12 569 0.045
TAPSE (mm); mean+SD 13.7£4.0 19.1 +£4.7 |<0.001 16.5+54 19.4+43 <0.001 16.7+5.0 18.7+4.8 0.006
S’ (cm/s); mean+SD 10.1£4.4 123+3.0 | 0.033 11.3+3.7 12.5+£3.0 0.106 109 +4.1 123 +3.1 0.098
E’ (cm/s); mean+SD 7.7+3.7 92+3.7 | 0.152 8.0+3.3 9.8+3.8 0.032 7.5+3.6 9.4+3.6 0.032
A’ (cm/s); mean+SD 12.1£52 13.7+4.8 | 0.269 126 +5.0 14.2+4.6 0.056 129+53 13.7+4.8 0.525
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4.2.3 30-day mortality in relation to H-FABP, Tnl and CK-MB

Of the 16 patients meeting the primary endpoint, 15 (93.75%) had elevated H-FABP levels on
admission compared to 11 (7.6%) of 145 30-day survivors (P < 0.001). Accordingly,
quantitative concentrations of Tnl and CK-MB were significantly higher among patients who
met the primary endpoint compared to survivors (P < 0.001). Categorizing for each of the
biomarkers, 15 of 26 (57.7%) H-FABP positive patients compared to one H-FABP negative
patient (0.7) met the primary endpoint (P <0.001). When stratified for Tnl, 66 of 161 (41%)
patients had Tnl levels > 0.115 ng/mL and of these Tnl-positive patients, 13 (19.7%) compared
to 3 (3.2) Tnl-negative patients died during 30-day follow up (P = 0.001). When considering
CK-MB test results, 41 (25.5%) patients had elevated plasma levels and of these patients 15
(36.6%) vs. 1 of 120 (0.8%, P < 0.001) died (H-FABP positive vs Tnl positive patients, P <
0.001; H-FABP positive vs CK-MB positive patients P = 0.130; CK-MB positive vs Tnl
positive patients P =0.07). Kaplan-Meier analysis (Figure 4.2) demonstrates significantly lower
survival rates for each of the biomarkers compared to patients who were negative for the
specific marker (p < 0.001). However, observed survival rates were substantially lower in the

presence of both positive H-FABP and CK-MB test results.
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Figure 4. 2 Kaplan-Meier curves for the end point (30-day mortality) for Tnl, CK-MB, H-FABP
and combination of CK-MB and H-FABP
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4.3 Receiver operating characteristics analysis and cut-off calculation

With regard to the endpoint, cut-off values for the clinical parameters systolic blood
pressure and heart rate were estimated at 111 mmHg with an AUC of 0.895 (95% CI: 0.835 to
0.955, sensitivity 85%, specificity 83%, P<0.001) and 109 beats/min with an AUC of 0.805
(95% CI: 0.656 to 0.955, sensitivity 70%, specificity 80%, P=0.001). For Tnl and CK-MB,
calculated cut-off values were 0.115 ng/ml (AUC 0.713, 95% CI: 0.577 to 0.850, sensitivity
77%, specificity 69%, P=0.004) and 0.44 pkat/l (AUC 0.889, 95% CI: 0.793 to 0.986,
sensitivity 82%, specificity 82%, P<0.001), respectively (Fig. 4.3, Table 4.13). The receiver
operating characteristics analysis suggested that positive H-FABP test with AUC 0.928 (95%
CI: 0.858 to 1.004, sensitivity > 90%, specificity > 90%, P<0.001) on admission is a powerful
predictor of 30-day outcome in normotensive patients with PE (Fig. 4.3). The AUC of H-FABP
levels >7ng/ml in combination with CK-MB levels > 0.44 pkat/l did not differ from that of sole
H-FABP (AUC 0.931, 95% CI: 0.835 to 1.026), because specificity increased as sensitivity
slightly decreased. The threshold values determined for the echocardiographic parameters RV
/ LV index and TAPSE were 0.99 and 15.5 mm, respectively, and the areas under the curves

were 0.799 and 0.771 (P = 0.001; P <0.001).
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Figure 4. 3 The receiver-operating characteristic curve for H-FABP, CK-MB, Tnl and
combination of CK-MB and H-FABP on admission with regard to the 30-day mortality. AUC-
comparison of laboratory parameters: H-FABP vs. Tnl p=0.07; H-FABP vs. CK-MB p=0.08;
CK-MB vs. Tnl P=0.046.
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Table 4. 13 Receiver-operating characteristics analysis and cut-off calculation selected

quantitative parameters with regard to the 30-day mortality

Cut-off sensitivity specificity AUC 95% CI P
RRyys mmHg 111 85.3 83.2 0.895 0.835 - 0.955 <0.001
HR min’! 109 69.7 79.8 0.805 0.656 - 0.955 0.001
Tnl ng/ml 0.115 77.2 68.8 0.713 0.577 - 0.850 0.001
CK-MB  pkat/l 0.44 82.4 81.7 0.889 0.793 - 0.986 <0.001
RV/LV 0.99 80.0 71.5 0.799 0.698 - 0.900 <0.001
TAPSE mm 15.5 61.5 76.6 0.771 0.655 - 0.886 0.001

Table 4.14 shows the values for the complicated clinical course. Accordingly, cut-off values
could not be determined for the laboratory values, since these are not significantly different.
The TAPSE is most meaningful with an area under the curve of 0.831. A cut-off value of 17.5

mm was calculated with a sensitivity of 92.0% and a specificity of 68.4%.

Table 4. 14 Receiver-operating characteristics analysis and cut-off calculation selected

quantitative parameters with regard to complicated clinical course

Cut-off sensitivity specificity AUC 95% CI P
RRyys mmHg 120 43.5 87.5 0.683 0.552 - 0.808 <0.006
HR min’! 96 58.3 69.5 0.657 0.547 - 0.766 0.018
RV/LV 0.90 64.0 65.5 0.693 0.585 - 0.802 0.002
TAPSE mm 17.5 92.0 68.3 0.831 0.760 - 0.902 <0.001
S’ cm/s 10.25 55.6 79.4 0.682 0.536- 0.828 0.019

4.4 Logistic regression analyses
4.4.1 Primary endpoint
In order to identify potential predictors for increased mortality from the examined variables, a

logistic regression analysis was performed.

The univariate analysis showed that the following factors are associated with the primary
endpoint of 30-day mortality:

e Hyperlipoproteinemia, cancer

e Lower systolic blood pressure, increase heart rate

e RV/LV index, paradoxical septal movement and TAPSE
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Table 4. 15 Logistic regression analysis in relation to 30-day mortality

univariate multivariate

OR (95% CI) p-value OR (95% CI) P-value
Diabetes 2.8 (0.9-8.0) 0.056 1.6 (0.5-5.2) 0.396
Hyperlipoproteinemia 0.3 (0.1-1.0) 0.038 0.7 (0.07 - 6.5) 0.754
Cancer 3.2 (1.1-9.6) 0.05 33 (0.9-11.3) 0.063
Systolic blood pressure 0.9 (0.8-0.9) <0.001 0.8 (0.8-0.9) <0.001
Heart rate 1.1 (1.0-1.1) 0.001 2.1 (0.7-13.6) 0.139
H-FABP (> 7 ng/ml) 182.7 (22.0-1515.5)  <0.001 27.1 (2.1-352.3)  0.001
Troponin I (>0.115 ng/ml) 7.5 (2.1-27.6) 0.001 2.4 (0.3-20.2) 0.422
CK (>2.85 pkat/l) 1.2 (1.1-1.4) 0.001 0.4 (0.05-3.2) 0.388
CK-MB (>0.44ukat/l) 4.0 (2.1-7.9 <0.001 53 (1.3-23.3) 0.002
RV/LV ratio 6.2 (1.7-22.8) 0.002 4.8 (1.1-20.7) 0.056
PSM 6.9 (1.9-254) 0.001 2.8 (0.6 - 13.5) 0.187
McConnell sign 2.9 (0.9-9.3) 0.062 1.9 (0.1-4.4) 0.883
TAPSE 0.8 (0.7-0.9) 0.001 0.4 (0.1-1.6) 0.192

After adjustment, systolic blood pressure on admission, H-FABP, and CK-MB remain
independent predictors of the primary endpoint in multivariate analysis. Patients with a positive
H-FABP test have an approximately 27-fold increased mortality risk (OR 27.1; 95% CI 2.1 -
352.3) compared to patients with a negative test result. The presence of a higher blood pressure
reduces the mortality risk by approximately 0.8-fold (OR 0.8, 95 CI 0.8 - 0.9), which in turn
corresponds to a 1.2-fold higher risk at lower blood pressure levels. Increased CK-MB values

increase the mortality risk 5-fold (OR 5.3, 95% CI 1.3 - 23.3).

4.4.1 Secondary endpoint
The univariate analysis showed that the following factors are associated with the secondary
endpoint, complicated clinical course:

e H-FABP

e Lower systolic blood pressure, increase heart rate

e RV/LV index, McConnell sign, TAPSE and S’

After adjustment in the multivariate analysis, a positive H-FABP test with an approximately 5-
fold increased risk (OR 4.8, 95% CI 1.1 - 21.1) remains as a predictor compared to H-FABP
negatives for a complicated clinical course. At higher TAPSE values, the risk is reduced
approximately 0.8-fold (OR 0.8 95% CI 0.7 - 0.8). Thus, a reduced TAPSE, increases the risk

1.3 times (OR 1, 3, 95% CI 1.2 - 1.5) for a complicated clinical course.
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Table 4. 16 Logistic regression analysis in relation to complicated clinical course

univariate multivariate
OR (95%CI)  p-value OR  (95% CD P-value

Systolic blood pressure 0.9 (0.9-1.0) 0.004 04 (0.1-1.1) 0.07
Heart rate 1.1 (1.0-1.1) 0.021 19 (0.7-5.1) 0.2

H-FABP (> 7 ng/ml) 11.3 (3.0-424) 0.001 4.8 (1.1-21.1) 0.036
RV/LV ratio 4.3 (1.7-10.7)  0.002 1.8 (0.5-6.4) 0.345
McConnell sign 9.6 (2.7-33.8) <0.001 13 (0.2-6.3) 0.756
TAPSE 0.7 (0.6-0.8) <0.001 0.8 (0.7-0.8) 0.001
S 0.8 (0.7-0.9) 0.019 0.7 (0.2-2.5) 0.627

4.5 H-FABP in combination with other parameters

Based on the results from regression and ROC curve analysis, a combination of different

markers to improve risk stratification seems to be possible and useful.

4.5.1 Primary endpoint

In order to test whether the prognostic value of H-FABP can be further improved with regard

to the 30-day mortality, various parameters were combined with H-FABP. Table 4.17 shows

the exact values that change by combining several parameters compared to H-FABP alone.
The Positive Predictive Value (PPV) indicates the likelihood of dying if the test result is

positive (or if there is a combination of positive H-FABP and other positive test parameters).

The Negative Predictive Value (NPV), on the other hand, represents the probability of survival

if the test result is negative.

Table 4. 17 H-FABP in combination with laboratory or echo parameters based on the 30-day

mortality

Combination PPV % NPV % FP % FN % accuracy % (0]

H-FABP (alone) 57.7 99.3 42.3 0.7 92.5 0.701
H-FABP;RRy 66.7 97.2 333 2.8 93.8 0.673
H-FABP;Tnl 61.9 97.9 38.1 2.1 93.4 0.673
H-FABP;CK-MB 87.5 98.6 12.5 1.4 97.5 0.861
H-FABP; RV/LV 72.2 97.9 27.7 2.1 95.0 0.739
H-FABP;TAPSE 60.0 95.3 40.0 4.7 93.0 0.490
H-FABP; PSM 75.0 97.2 25.0 2.8 95.0 0.722
H-FABP;PSM;RV/LV 80.0 97.3 20.0 2.7 95.7 0.751
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From the calculated data, it can be seen that various combinations of H-FABP with systolic
RR, laboratory or echo parameters provide improved levels of PPV than H-FABP alone. At
once, the increase in PPV is accompanied by a decrease in the false-positive (FP) rate.
Conversely, there is a decrease in NPV and an increase in false-negative (FN) results.
Specifically, the combination of H-FABP with the CK-MB identified as an independent risk
factor in the regression analysis provides the best results (Table 4.17):

e The PPV improves to 87.5% (decrease false positive to 12.5%) at only

e Slight decrease in NPV to 98.6% (increase from false-negative to 1.4%) with a

e Total accuracy, which is highest at 97.5%

e The ¢ correlation coefficient improves significantly with 0.861 and approaches a very

high correlation with respect to the 30-day mortality.

The combination of H-FABP with Tnl, on the other hand, only marginally improves
stratification by tripling the false-negative rate and inferior correlation.

Improvements are also evident when the H-FABP test and echocardiographic markers of
RVD are considered together. In particular, the combined detection of a positive H-FABP test
with a simultaneously increased RV/LV index or the presence of a paradoxical septal movement
or both gives better results than for H-FABP alone. However, these seem to be inferior to the
combination H-FABP / CK-MB.

The combinations listed in Table 4.17 were again reviewed with multivariate logistic
regression. The combination of H-FABP and CK-MB was chosen as the best of all variants
(OR 163.4 95% CI1 12.3 -2164.4, p <0.001). The combinations of H-FABP and systolic blood
pressure (OR 9.4 95% CI1 0.6 - 146.4, p=0.1) and H-FABP and RV / LV-Index (OR 14.8 95%
CI 1.0 -227.7, p = 0.06) were selected in the model but were not significant.

In summary, it can be deduced that patients with a negative H-FABP test showed a greater
than 99 probability of survival. Conversely, the probability of a fatal course with positive H-
FABP and a CK-MB of> 0.44 pkat / | was 87.5%.

4.5.2 Secondary endpoint

For a complicated clinical course, the values for the two predictors H-FABP and TAPSE and
their combination are shown in Table 4.18.

The combination of positive H-FABP test and reduced TAPSE achieves a PPV of 70.0%, but
with an NPV of 86.7%, which corrrensponds to a false-negativ rate of 13.3% corresponds. The
highest NPV was 97.5% for the TAPSE alone and ¢ correlation coefficient with a value of
0.440. A TAPSE > 17.5mm therefore exclude a complicated course with 97.5% probability.
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The low-test accuracy of 70.3% results mainly from the low PPV of 35.9%. Other parameter

combinations are significantly less the shown values.

Table 4. 18 H-FABP and TAPSE based on complicated course

Combination PPV % NPV % FP % FN % accuracy % [0}

H-FABP (alone) 63.6 86.6 36.4 13.4 84.8 0.352
TAPSE (alone) 35.9 97.5 64.1 2.5 70.3 0.440
H-FABP;TAPSE 70.0 86.7 30.0 13.3 85.5 0.380
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5 Discussion

PE with intermediate mortality risk occupies a distinct position within the spectrum of the
disease. In contrast to the high-risk PE presenting with shock and severe right heart dysfunction,
patients with intermediate mortality risk show stable hemodynamic conditions. However, they
differ from the group of low-risk patients in the incidence of RVD, which may be manifested
by an abnormal echocardiogram with specific changes or by the increase in cardiac biomarkers.
Despite initially stable circulatory conditions, the mortality rate is at least 10 times higher than
in low-risk patients, which questions previous management strategies (26). In particular, the
question arises as to whether the therapy intensity of sole anticoagulation in intermediate risk
is still adequate, or whether a subpopulation of patients with a significantly higher mortality
risk exists within the intermediary risk group, which requires more intensive therapy.
Konstantinides et al randomized 256 normotensive patients to either a heparin-plus-placebo or
a heparin-plus-alteplase group (98). The heparin-plus-alteplase group demonstrated
significantly better overall survival; conversely, heparin plus placebo therapy was associated
with a 3-fold higher mortality or treatment escalation risk. Metaanalyses with patients not
stratified for the risk of mortality did not show any benefit of routine thrombolysis in
normotensive hemodynamic conditions (99, 100). In the Pulmonary Embolism Thrombolysis
study (PEITHO), PE patients with intermediate mortality risk were randomized to either
heparin alone or heparin plus tenecteplase. This important study showed that fibrinolytic
therapy in patients with intermediate-risk PE prevents hemodynamic decompensation but
increases the risk of major bleeding (54).

Prior to any necessary therapy adjustment, risk stratification of unselected patients with PE
is of paramount importance and, alongside therapy, an important component of an adapted
management strategy. Current models of hemodynamically stable PE patients rely on the
detection or exclusion of RVD using imaging and laboratory cardiac markers. CT imaging and
echocardiography are uncontroversial imaging methods (26). However, there is increasing
evidence that the cardiac biomarkers TnT/I, which have been mainly used to date, may be
inappropriate in patients with intermediate risk, as they do not have to be associated with an
increased mortality risk in this patient population (11, 71).

H-FABP, a marker that has been used for some time in early diagnosis of acute myocardial
infarction and correlates with a poor prognosis (8, 9, 62), was identified as a prognostic marker
in both unselected patients with PE (63, 101) as well as in patients with intermediate-risk PE

(11). The data in favor of H-FABP for risk stratification for this group of patients currently
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comprises very few studies, some of which are based on the same study population, so that the
studies presented in this study contribute to further scientific consideration. In addition to the
right-heart-specific echocardiographic parameters such as TAPSE or mTDI investigated in this
study, there are hardly any data available on the prognostic significance of these parameters for
PE. Statements on the correlation of h-FABP with established and new echocardiographic

markers of RVD are still missing.

In this study, H-FABP and Tnl levels were analyzed in 161 consecutive patients with diagnosed
PE and intermediate mortality risk, considering echocardiographic routine values and specific
right ventricular parameters such as TAPSE and mTDI. The definition of the target criteria was
based on 30-day mortality as primary endpoint and a complicated clinical course (defined as
successful resuscitation, cardiogenic shock or hypotension, catecholamine therapy, escalation
of therapy in form of thrombolysis, embolectomy, intubation and mechanical ventilation or
extracorporeal membrane oxygenation) as a secondary endpoint.

The lethality within the first 30 days after hospital admission was 9.9%. A positive H-
FABP test was independently associated with both increased 30-day lethality as well as
complicated clinical course. Furthermore, CK-MB and systolic blood pressure were identified
as independent predictors of lethal progression. Among the echocardiographic parameters, only
the TAPSE was predictive of a complicated clinical course, whereas the mTDI values were
found to be nonsignificant. Both H-FABP and Tnl values correlated with echocardiographic
parameters of RVD and patients with positive H-FABP test and abnormal echocardiogram had
a significantly worse prognosis. However, the combination of H-FABP and CK-MB identified
a subgroup of patients who had a particularly high mortality risk. Tnl was not selected as an

independent predictor in both endpoints.

5.1 Study population

The average age of 69 & 13.5 years confirms that PE is a disease of the elderly over the age of
60 and highlights the importance of age as a major risk factor for PE (5, 102). In comparable
study populations with normotensive PE patients, the average age was between 61 and 68 years
(11, 88, 103). In more than 70% of patients a DVT could be detected on admission, which
according to Sandler and Martin (104) can occur in up to 80 of cases and underlines the common
etiopathogenesis of DVT and PE (22). However, only in 32% of patients, typical triggers for

DVT were found. Thus, the remaining 68% insults are defined as idiopathic. The proportion of
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idiopathic cases is therefore higher in this study population than the 25% to 50% described by
White et al (105). However, this proportion refers exclusively to first manifestations, whereas
in the study population no distinction was made between first or repeated episodes, which could
explain the higher proportion.

The average increased BMI of 29 kg/m? in the study population underlines the importance
of the risk factor obesity (20, 33). Mechanisms contributing to the increased risk of obesity
include, in addition to mechanical compression and immobilization, increased synthesis of
proinflammatory adipokines and prothrombotic and antifibrinolytic factors (106, 107).
Increased BMI is further associated with more common occurrence of arterial hypertension,
diabetes mellitus and hyperlipidemia associated with the metabolic syndrome (108).
Accordingly, arterial hypertension was found in 77%, hyperlipidemia in nearly 50%, and
diabetes mellitus in nearly 30% of patients. Whether there is a joint risk profile for DVT and
other cardiovascular diseases, such as coronary heart disease, is currently unclear. Holst et al.
(2010) identified only obesity and nicotine use as joint risk factors in a Danish register of nearly
19,000 patients (109).

Although the medians of the renal parameters in the study population are close to the
reference range, the average GFR was reduced at 56 £ 19 ml/min. Taking into account age-
specific reference ranges according to the criteria of the Kidney Disease Outcome Quality
Initiative (KDOQI), this may already indicate a beginning of a mild to moderate functional
restriction (110). However, the one-time measurement is a snapshot of an acute situation
depending on many factors. However, for the classification as chronic kidney disease (CKD),
it would require further measurements over a period of 3 months (111), but this was not part of
the study. Advanced reduction of GFR below 30 ml/min was defined as an exclusion criterion,
as it may result in falsly elevated H-FABP and Tnl values due to decreased renal elimination

in severe renal impairment (112, 113).

5.2 Discussion of the main results (30-day mortality)

5.2.1 Mortality rate

The mortality rate of 9.9% found in the study within 30 days after hospital admission is in range
of the data published on the group of normotensive patients with PE. Lethality up to 40 days
after hospital admission is between 5% and 16% (63, 114, 115). In a meta-analysis with a total
of 1366 normotensive PE patients, Jiménez et al. reported a mortality rate of 7.3% in the first

30 days after admission (71).
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It was found that deceased patients tended to be younger and males, but the differences were
not significant and thus were not conclusive. However, there are general indications that men
may have a slightly higher risk of mortality compared to women, which among other things is
explained by an increased risk of recurrent embolism (116).

In the case of deceased patients, there was a highly significant history of an acute onset
within the last 3 days prior to admission. One possible reason may be a too rapid or insufficient
adaptation to sudden pulmonary artery pressure increase. The possibility of adaptation depends,
inter alia, on the thrombus load, the type and number of affected pulmonary vessels, and the
fibrinolytic activity of the lung (23, 33, 117).

Malignant underlying diseases were found to be significantly more prevalent in the
deceased and are named in the literature as a risk factor for a lethal course (118).

Significantly reduced GFR in deceased patients should be discussed from a variety of
perspectives: On the one hand, the clinical and echocardiographic parameters (Tables 4.4 and
4.7) show that there was a high degree of paradoxical septal movement in this group on
admission, leading pathophysiologically to the limitation of LV filling and function and thus to
decreased blood pressure and increased heart rate values. Endogenous catecholamine release
may already reduce renal blood flow and function. On the other hand, it is possible that a pre-
existing renal dysfunction already existed and this alone or by way of an acute chronic renal
failure could have contributed to a critical clinical course of PE. In this context, Falga et al.
reported an increased mortality risk in PE patients with impaired renal function (119). However,
the authors compared patients that had a GFR below 30 ml/min with patients that had a GFR
above 30 ml/min. It is likely that there is a general relationship between decreased GFR and
lethality. It should also be considered that the average GFR was already decreased at hospital

admission in the overall population (see 4.1).

5.2.2 H-FABP, CK-MB and systolic blood pressure predict an increased 30-day
mortality

The logistic regression analysis examined almost all of the collected data, clinical, laboratory
and echo parameters. In the univariate analysis for H-FABP a 183-times higher mortality risk
was found. Compared to other studies, this value is distinctly higher, probably due to the high
proportion of deceased patients among H-FABP-positive patients or due to the low total number
of positive H-FABP tests. Dellas et al. and Lankeit et al. reported a 72-fold and 37-fold
increased risk of complications and mortality associated with H-FABP positive patients in

univariate logistic regression (11, 88). Similary, a positive H-FABP test increases the risk of
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mortality in the present work by about 27-fold. This result is comparable to the data from
Lankeit et al. (88) and Dellas et al. (11), which report a total of 37-fold and 26-fold increased
risk. However, in both studies the results are based on quantitative H-FABP measurements.
Furthermore, based on the regression analysis, it can be concluded that Tnl is not an
independent predictor of an increased 30-day mortality, as multivariate increased mortality risk
could not be confirmed. The observations of other studies (63, 71, 88) can thus be confirmed.
Furthermore, Tnl is unlikely to be a biomarker for risk stratification of PE with intermediate
risk with regard to a possible escalation of therapy. H-FABP is superior to Tnl in direct
comparison. The simultaneous measurement of both parameters reveals no further advantage;
however, definitive statements can only be confirmed by a randomized study.

In the multivariate regression model, systolic blood pressure was also identified at
admission as an independent predictor of increased 30-day mortality. The significance of blood
pressure for risk stratification is also discussed in Section 5.2.4. However, the significance of
systolic blood pressure as a predictor may only be due to the high prevalence of hypertensives
(almost 80%) in the study population. On the other hand, the influence with a 1.2 times higher
risk can be graded as low.. There is no information in the literature about the assessment of
blood pressure for the further estimation of the mortality risk within the group of patients with
intermediate risk PE. Dellas et al. proposed heart rate as a clinical parameter for further risk
stratification in addition to H-FABP as they found an increase in the mortality and complication
risk at values above 94 beats per minute (11). In the present study, a higher heart rate (threshold
after ROC analysis 110 beats per minute) was associated with a 1.1-fold (95% CI 1.0 - 1.1)
higher mortality risk. However, this was not an independent predictor after multivariate
analysis.

In the multivariate model, the CK-MB was still selected as a highly significant value for
the prediction of increased mortality. Although Adams et al. (120) mentioned increased CK-
MB activity in PE more than 20 years ago, there are only sparse data available for use as
prognostic markers until then: Gallotta et al. described the CK-MB for the first time as a Tnl-
independent predictor of increased hospital mortality in normotensive patients with PE (121).
Stein et al. found a 7-fold increase in mortality risk in a study of 392 patients with stable
circulation in LAE, but with limited predictive value due to the low prevalence of CK-MB
displacement (7.4% of all patients) (12). In the present study, there was an increase in CK-MB
activity in 41 (25.5%) patients which was independently associated with a 5-fold higher
mortality risk. It should be noted that Stein et al. (120) used the CK-MB mass for evaluation,

while CK-MB activity was determined for the present study. The extent to which CK-MB mass
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and activity are comparable can not be assessed based on the scarcely available data on the PE.
The ROC analyses confirmed the results of the regression analysis, with the AUC of CK-MB
being significantly greater than that of Tnl (Figure 4.3). Statistically, CK-MB selection suggests
a higher relative frequency of fatal outcome with increased CK-MB (14 of 41, 34%) compared
to elevated Tnl (13 of 66, 19.7%). Reasons for the differential excursion of Tnl and CK-MB
(and ultimately also H-FABP) might be due to the different release kinetics, so that laboratory
results are contingent on the time of measurement. The occurrence in the serum depends on
appropriate damage of further parameters such as molecular size and intracellular localization:
The CK-MB (86kDa), like H-FABP, is almost completely cytosolic, while Tnl (23kDa) is more
than 90% bound to myo-filaments as a structural protein. Despite its smaller molecular size, the
release of Tnl is delayed compared to CK-MB and occurs over a longer period (extended
diagnostic window). At the molecular level, the release of Tnl and CK-MB continues to be
influenced by intracellular messengers such as calcium. The intracellular messenger substances
are dependent on the cell's response to ischemic damage (oncosis, apoptosis or necrosis) and
thus cause possibly differently timed releases of proteins such as Tnl and CK-MB (122). In
addition, there are indications that CK-MB and troponin may be distributed differently between
LV and RV, so that correspondingly different marker constellations could occur in serum in
ischemia, depending on the localization (123, 124). Bozbay et al. could shown in PE patients
treated with thrombolytic tissue-plasminogen activator that increased CK-MB levels had a
higher incidence of in-hospital mortality (77). However, at the present time, there are no further
studies on the role of CK-MB in intermediate risk PE patients in the literature, so that the present
work provides important findings that can contribute to risk stratification in intermediate risk
patient. Whether it is more useful to determine the CK-MB mass or its activity should be
investigated in further studies.

There were no echocardiographic parameters among the values suitable for predicting an
increased 30-day mortality. Kucher et al. (58) reported a 2-fold increased mortality risk in the
presence of RVD in the echocardiogram after evaluating data sets of 1035 normotensive
patients in the ICOPE registry. In the univariate analysis, an almost 7-fold increased risk in case
of right ventricular dilatation or paradoxical septal movement was found, however, that could
not be confirmed in the multivariate regression analysis. A similar result was also reported in a
meta-analysis by Coutance et al. who investigated a total of 8 studies with a total of 1,249
patients and found a slight association between RVD and mortality, but without being able to

derive prognostic predictions for the clinical routine (59). Dellas et al. (2010) also found no
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association between echocardiographically diagnosed RVD and 30-day mortality for the group

of PE patients with intermediate mortality risk (11).

5.2.3 The combination of H-FABP with other parameters improves risk stratification
Among the combinations of the different measured parameter compared in Section 4.5, the
variant H-FABP/CK-MB appears of particular importance. Simultaneously increased plasma
levels of both biomarkers appear to be specific in patients with a high mortality risk according
to the results of this work. This association was presented for the first time in this study.
Favorable combinations of H-FABP with echocardiographic parameters for risk stratification
can also be confirmed by other authors (12, 88), but in this study, those were inferior to the
combination H-FABP/CK-MB. As in other studies, a negative H-FABP test excludes more than
99 of lethal outcomes (11, 88). For this form of risk stratification, no echocardiogram would be
required initially. Nevertheless, an echocardiogram should always be performed to rule out
further factors influencing the prognosis, such as RV thrombi or differential diagnoses (26).

Furthermore, a complicated clinical course could be excluded in patients with TAPSE
values above 17.5 mm with 97.5 probability. Conversely, a decreased TAPSE in combination
with a positive H-FABP test result can provide increased vigilance for the detection of incipient
complications. Practical consequences could be, for example, early admission to intensive care
with close (invasive) circulatory, blood gas, and biomarker monitoring. More invasive
treatment options required would then be possible without much delay, which may also improve
the prognosis. Other collected parameters do not appear sufficiently indicative for complicated
clinical course.

Based on the identified prognostic parameters and the mentioned parameter combinations,
the development of a separately validated score, from which the further diagnostic and

therapeutic management strategy results, seems possible and meaningful.

5.2.4 Risk profile of deceased patients

In comparison, lower blood pressure values at higher heart rates are to be regarded as signs of
marked haemodynamic impairment in patients that later deceased, considering the
echocardiographic findings. Similar data can be found in Gallotta et al. (121), Dellas et al. (11)
and Kostrubiec et al. (103), however, blood pressure differences between deceased and
survivors are less pronounced than in the present work. In the current ESC guidelines, a pulse
rate > 110/min and a systolic blood pressure < 100mmHg are positive values for the pulmonary

embolism severity index for risk stratification. In the present study, a 1.2-fold increase in the
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risk of mortality (see regression analysis in Table 4.15 was found at a threshold of 111 mmHg
(see ROC analysis, Table 4.13). The value could serve as a threshold for further stratification
within the group of intermediate risk PE patients. There are currently no data in the literature
for this. On the other hand, it is possible that the high proportion of patients with arterial
hypertension (77% in the study population) might have classified patients as high-risk patients,
which would have excluded them from the study.

As expected, the medians of all myocardial ischemic markers were significantly increased
in patients who died later compared to survivors (Table 4.5), so that significant myocardial
damage in this group must generally be assumed. Their increase can be explained
pathophysiologically (see 1.1.5) by ischemia or microinfarction of the RV (98, 101). Prognostic
implications are particularly discussed in the preceding sections 5.2.2 and 5.2.3. There was no
significant difference between groups for D-dimers, although differences and even
prognostically relevant statements have been reported in the literature (125).

The echocardiographic data for the 30-day mortality (Table 4.7) show that, according to
the criteria defined under 2.3.1, 80% (128 out of 161) of all patients had an abnormal
echocardiogram on admission. Kreit et al. (44) showed that in at least 25% of all PE
echocardiographic signs of an RVD can be identified. However, there is currently no standard
definition on the echocardiographic criteria of RVD (26), so that data reported in the literature
are always dependent on the criteria of the respective authors and therefore comparisons of
prevalence are complicated. In line with the current ESC guidelines, only a complete normal
right-heart echocardiogram has been described as non-dysfunctional (26), which puts into
perspective the high prevalence of 80% in the study population. Comparable studies report
prevalence rates between 33% and 72% (11, 88, 103, 126), whereby deviations among others
result from different echo criteria. In the echocardiogram at admission an RVD could be
confirmed for all patients that later deceased. The pathophysiological significance of restricted
RV and LV function is reflected in the significantly increased or decreased values for RV and
LV diameters and the size indices. Similary, paradoxical septal movement was found in more
than 80% of deceased patients. Interestingly, the RVSP did not differ between the deceased and
the survivors, although the visual assessment of the RVEF and the objectively measurable
TAPSE of the deceased were significantly more decreased. The TAPSE values associated with
the visual RVEF assement (Section 4.1.3), in turn, correlate well with more accurate MRI-based
methods for RVEF determination (89). Reduced TAPSE values have been reported to a similar
extent in patients with PE (127, 128), but data validated in large patient populations are lacking.

In the present study, the mTDI parameters were equally limited in both the deceased and the
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survivors, in which S' also correlated with the RVEF (Section 4.1.3). However, there were no
significant differences in the endpoints. The measured values correspond to the values given in
the literature: For the parameter S' values of 9.9 to 13.1 cm/s are found for patients with PE and
RVD (128-130). Tueller et al. showed that threshold values for S' of 12 cm/s and 9 cm/s
correlated with moderately or severely restricted RVEF (131). However, Rodriguez et al. found
no correlation between S' and the severity of vascular pulmonary obstruction in PE (130). In
the present work TAPSE performs significantly better than S' on RVEF (Section 4.1.3).
Furthermore, mTDI parameters were considered in a larger study population for the first time
under the criteria "30-day mortality" and "complicated clinical course". In view of
nonsignificant differences for S', E' and A' between deceased and survivors of the study
population, it can be assumed that no prognostically relevant statements can be derived from
the examination of mTDI parameters in contrast to TAPSE. Several factors could contribute to
this result: These include, for example, the RVSP distributed almost equally between deceased
and survivors. Furthermore, it can not be ruled out that in addition to poor sound conditions,
different examiners could be a source of measurement inaccuracies. Although the practical
implementation of the study protocol provided for the echocardiographic examination to be
carried out by the same, experienced examiner, it was not always possible to carry out this
requirement in everyday hospital work. Thus, it is conceivable that possibly lacking routine in
other examiners could have contributed to measurement inaccuracies, since the determination
of right ventricular tissue Doppler parameters in contrast to the left ventricular measurement is

currently not standard.

5.2.6 Risik stratification

Stratification of the basic data of the study population according to H-FABP, Tnl, CK-MB
(Table 4.9) results, with a few exceptions, in a similar distribution as in the case of deceased
patients (Table 4.2). Noticeable among CK-MB, H-FABP and Tnl-positive patients is the
higher proportion of patients with diabetes mellitus, which may be an expression of increased
cardiovascular risk in connection with arterial hypertension and increased BMI. Elevated H-
FABP and Tnl plasma levels have been described in patients with metabolic syndrome or
isolated diabetes mellitus, and some authors have already considered arteriosclerosis markers
in asymptomatic patients (132). To what extent a pre-existing arteriosclerosis favors RV
infarction under acute dilatation as in PE, is still unclear. However, due to the pathophysiology
of coronary heart disease, it is reasonable that myocardial ischemia may be more likely to

develop in pre-existing strictures with RV dilatation. On the other hand, higher CK-MB/H-
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FABP / Tnl values in diabetics may be an expression of silent PE-independent myocardial
ischemia. However, there was no significant difference between diabetics and non-diabetics in
terms of endpoints. GFR slightly limited overall, there are no differences between biomarker-
positive and -negative patients, so that false-positive laboratory values due to impaired renal
function are unlikely.

CK-MB, H-FABP and Tnl-positive patients had significantly lower blood pressure values
and higher heart rates compared to the patients who died, although the differences were much
more pronounced for H-FABP. Dellas et al. (11) also observed higher heart rates (100 vs. 90
beats per minute) in patients with H-FABP > 6 ng / ml, but with no significant difference.
Comparable data on systolic blood pressure as a circulatory parameter depending on H-FABP
do not exist due to the limited studies so far.

The mortality rate among H-FABP-positive patients appears to be increased by 57.7% (15
out of 26). Puls et al. (133) investigated PE in a group of patients not differentiated according
to the mortality risk (n = 107) and found complication and mortality rates of 41 (12 of 29) and
34% (10 of 29), respectively. Dellas et al. (11) investigated 126 patients with intermediate
mortality risk and found complication and mortality rates of 28% (8 out of 29) and 14% (4 out
of 29), respectively, among H-FABP-positive patients. However, the studies are only partially
comparable for various reasons: Puls et al. (133) and Dellas et al. (11) belong to the same
research group, which largely recruited their study populations from a common patient
population (n = 73). The authors grouped the target criteria "death" and "complicated clinical
course" into a common endpoint while they are considered separately in this study. In this
context, Dellas et al. (11) discussed their findings on a low number of endpoints in their study.
The study by Puls et al. also included patients with high-risk PE who were excluded in this
study (133). Noticeable in this study, the proportion of H-FABP positive patients with 16.1%
was low, while Dellas et al. (11) reported 23% of patients as H-FAB positive. However,
Vuilleumier et al. (101) found a proportion of 18.1% H-FABP positive patients in the group
with intermediate mortality risk in a comparative study of several biomarkers for longer-term
risk stratification. Reasons for the comparatively high mortality rate can thus be seen both in
the low total proportion of H-FABP-positive patients and in the use of a qualitative test. The
rapid test, originally developed for the early diagnosis of heart attack, has a limit of 7 ng/ml
(134). In PE, however, several authors have described and used limits of 6 ng/ml (11, 85, 133).
This could be another possible explanation for different positive H-FABP values.

Stratification after Tnl also results in a significant difference for the 30-day mortality with

a mortality rate of 19.7% for those with positive Tnl vs. 3.2% for those with negative Tnl (P =
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0.001). This has been described for unclassified PE (42, 135) and intermediate risk PE (121,
136). Compared to H-FABP, however, the difference is less pronounced, and the proportion of
false-positive test results is significantly higher. Finally, Tnl was not directly selected as an
independent predictor in multivariate regression analysis.

It is well known that patients with PE have elevated CK-MB levels (120). However, very
little is known about the prognostic value of CK-MB in PE patients. Gallotta et al. (121)
described for the first time CK-MB as an independent predictor of increased hospital mortality
in normotensive patients with PE regardless of Tnl levels. Stein et al. (12) could show in a
retrospective analysis that normotensive patients with high CK-MB mass levels upon admission
had a 7-fold increased risk of death from PE, even though its prevalence was low. In our study
CK-MB was another predictor of mortality and superior to Tnl and right ventricular dilatation
on echocardiography. Bozbay et al. could shown that increased CK-MB levels in PE patients
treated with thrombolytic tissue-plasminogen activator were associated with higher incidence
of in-hospital mortality (77). In our study we could show in normotensive PE patients that
elevated CK-MB levels above a cut-off value of 0.44 pkat/L derived from ROC curve analysis
are independently associated with a 5-fold increased risk of death. More importantly, when
considered in combination, 16 patients were positive for CK-MB and H-FABP and 14 (87.5%)
of these patients died within 30 days.

5.3 Discussion of further results (complicated clinical course)

5.3.1 Complication rate

The adjusted complication rate was 17.2% (25 of 145 patients). Deceased persons were not
included in order to enable a separate evaluation of the two outcomes. The complication rate
was described with 7% by Dellas et al. (11) for comparison, whereby the lethal courses were
combined with complicated courses to a common end point. Basic demographic data for
patients with a complicated history differed from patients with uncomplicated history except
for the distribution of malignancies. The distribution of malignancy in favor of patients with an
uncomplicated course can be difficult to justify in light of malignancy being a proven risk factor
for complicated or lethal PE events (118). It would have been expected at least an even
distribution or higher rates in patients with complicated course and those that are deceased.
Patients may have had various stages of malignant disease, so that, for example, in the deceased
rather an active disease was present. Upon admission to the database, no distinction was made
between active and past, treated malignant disease, as VTE may also indicate the first onset or

recurrence of a cancer (137). On the other hand, a random statistical effect in the sense of a
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second type error or -error is conceivable, the possibility of a protective effect of a malignant

disease seems very unlikely and can be scientifically difficult to justify.

5.3.2 H-FABP and TAPSE predict a complicated clinical course course

According to the result of the multivariate regression analysis, a positive H-FABP test increases
the risk for a complicated course by about 5-fold and a reduced TAPSE about 1.3-fold. For the
use of TAPSE as a well quantifiable prognostic parameter in PE, there is currently little
information in the literature. The few data available focus predominantly on mortality as an
endpoint: Pruszczyk et al. (138) showed in a comparative study of several echocardiographic
parameters (without mTDI and no simultaneous comparison of laboratory parameters) that
normotensive patients with PE with lowered TAPSE values have an approximately 1.6-fold
increased risk of mortality and complications. Another comparable study by Forfia et al. (139)
identified TAPSE as a prognostic marker in patients with pulmonary hypertension, with a
TAPSE less than 18 mm representing a 6-fold increased mortality risk. Furthermore, the
mortality risk increased by 17% per mm of reduced TAPSE. It is questionable whether the data
can be transferred to the clinical picture of acute PE, since the underlying pathophysiology and

temporal dynamics are different.

5.3.3 H-FABP is more specific for lethal course

Compared with a lethal and complicated course, it is noticeable that in case of a positive H-
FABP test the risk of a lethal course (OR 27.1, 95% CI 2.1 - 352.3) is more than 5 times higher,
as for a complicated clinical course (OR 4.8, 95% CI 1.1 - 21.1). While 93% (15 out of 16
patients) had positive H-FABP test in the case of lethal course, only 28% of patients were H-
FABP positive in complicated cases (7 out of 25 patients). The association of H-FABP and
lethal course with ¢ = 0.701 was twice as high as that of H-FABP and complicated course (¢ =
0.352). H-FABP thus appears to be more specific for a more pronounced RVD and to be better

in predicting a potentially lethal course. So far, there are no comparable data in the literature.

5.3.4 Risk profile with complicated clinical course

Patients with a complicated course showed significantly lower blood pressure values and higher
heart rates, similar to the deceased patients, compared to patients without therapy escalation,
which also suggests impaired hemodynamics considering the echocardiographic data in this
group (see Table 4.8). Oxygen saturation was also significantly reduced. This circumstance is

difficult to assess as many patients initially receive oxygen from the ambulance or immediately
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after arriving at the hospital. Hypoxemia and gas exchange disorders are less of a
pathophysiological role in PE as patients are often well-oxygenated (5, 23).

In the laboratory parameters, only the H-FABP rapid test was found to be significantly
more positive (see also 5.2.6), which could possibly be an expression of a mild transient right
ventricular myocardial ischemia in right ventricular dilatation. Because of the smaller
molecular size and localization of H-FABP in the cytoplasm, rapid plasma enhancement is
possible even under transient ischemia, whereas release of structural proteins such as Tnl
requires longer ischemia times.

Echocardiographically, the ventricular size ratios (RV/LV index) were substantially similar
to those in deceased patients, although less pronounced. Although there was also hemodynamic
impairment in patients with a complicated course, a paradoxical septal movement could not be
detected more frequently in this group. However, noticeable is the highly significant occurrence
of the McConnell sign, a regional RV dyskinesia of the middle part of the free RV wall, with
preserved contractility of the RV tip (90), compared to unimpaired patients. Surprisingly,
TAPSE was found to be approximately the same in patients with a complicated clinical course
as in those that have deceased, making it very well suited to indicate a significant systolic RV
function restriction. However, deceased patients did not have significantly lower TAPSE scores
than patients with complicated outcomes. Thus, the TAPSE is not likely to predict an increased
risk of fatal outcome. The significant difference for S' also indicates the more limited RV
function in patients with a complicated course. This is surprising in that, contrary to
expectations, there was no significant difference between the deceased and the survivors for S'.
However, this may result from the fact that in the group of surviving patients, the 25 patients

with complicated course are included, so that overall no significant difference arises.

5.4 Qualtity criteria and threshold values for collected parameters

Quality criteria and thresholds for 30-day mortality were calculated for selected parameters
(Table 4.13). The 111mmHg threshold found in the systolic blood pressure study population
has not yet been validated against literature references for the group of intermediate risk PE.
For the heart rate (threshold 110 beats per minute), Dellas et al. (11) used a threshold of 94
beats per minute for an equal AUC of 0.74, but the heart rate is not selected as an independent
predictor. In the present study, the systolic blood pressure has a greater AUC with respect to
the 30-day mortality with better sensitivity and specificity than the heart rate. Thresholds for

Tnl can only be compared to a limited extent between different studies because different
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assayspecific reference ranges may exist depending on the laboratory test used. However,
comparability is possible with the help of the AUC, which is slightly higher in Tnl of 0.756 in
this study compared to 0.67 in Dellas et al. In a direct comparison of the ROC curves, the AUCs
of H-FABP and CK-MB were significantly larger than the AUC of Tnl.

Among the echocardiographic parameters, the threshold of 1.0 prescribed for the RV / LV
index (140) can be consistently confirmed. With respect to TAPSE, Pruszczyk et al. (138)
reported thresholds of 15mm (present work 15.5mm in Table 3.13) for a potentially lethal
course and of 20mm for a low-complication course. In patients with pulmonary hypertension
Forfia et al. (139) reported a improved survival at values over 18mm. Based on this, a

complicated course with a TAPSE value above 17.5 mm was unlikely in the present work

(Table 4.14).

5.5 Limitations

There are several limitations in this study. First, although prospective, it was an observational
and monocentric study.

Another problem is the heterogeneity within the study population regarding the time of
conception and the duration of the symptoms which may have had effects on the plasma levels
of the biomarkers. Formation of subgroups by symptom duration to produce homogeneity
within the group of normotensive patients with PE has not yet occurred in any study. However,
this could be useful against the background of different release kinetics.

The H-FABP test used is a commercially available dichotomous qualitative ELISA bedside
test. The test is indicating only positive (H-FABP concentration <7 ng/mL) or negative
(concentration >7 ng/mL) results. The test uses whole blood and shows results within 15
minutes. When H-FABP concentrations are close to the threshold value the interpretation of the
test result can be difficult, especially in the presence of impaired renal function (113).
Additionally, there is evidence that the cut-off might be lower than 7 ng/mL which might partly
explain the lower incidence of positive H-FABP tests in this study (11, 133). Another limitation
is the small sample size and that the study was focused only on the 30-day time period after
hospital admission and did not perform long-term follow-ups. However, there is indication that
H-FABP could be capable of assessing long term prognosis after intermediate risk PE (11, 88,
133). Another limitation is that we did not examine CK-MB mass levels. It is unclear whether

CK-MB mass levels or activities are equally suitable for risk stratification. No account for
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macro CK forms was done. With determination of CK-MB activity, interference with macro
CK forms could be an issue leading to false positive test results.

Finally, no assessment of right-ventricular free wall strain was done because when the
study was conducted a speckle-tracking echocardiography and strain trained physician was not
general available in general. Several studies showed that right ventricular wall strain assessment
is affected by the presence of acute PE, however they are non-specific and may be not
pathological in haemodynamically stable patients, despite the presence of acute PE (141, 142).
There are also data available that RV strain parameters were not correlated with hospital or
long-term mortality (143). However, a recent study showed in patients with acute non-massive
PE that RV free wall strain assessed with speckle-tracking was an independent prognostic
marker for in-hospital events (144). Additional prospective randomized controlled trials will be
necessary to identify which specific echocardiographic parameters are the most useful in risk
assessment in acute PE and determine whether such information is of utility in identifying

patients who could benefit from an intervention.
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Normotensive patients with PE have a 30-day mortality risk of 10%. At hospital admission,
lower systolic blood pressure values, H-FABP values more than 7 ng/ml and CK-MB values
higher than 0.44 pkat/l predict a higher mortality. In particular, the combination of H-FABP
and CK-MB can identify a potentially lethal subgroup. A relationship between elevated Tnl
levels and mortality risk can not be demonstrated by simultaneous measurement of H-FABP.
The benefit of Tnl for risk stratification in this patient group is inferior to that of H-FABP and
CK-MB. The prompt echocardiographic examination is necessary in addition to the exclusion
of differential diagnoses to gain mainly negative-predictive prognostic information, especially
from RV/LV index and TAPSE. The combination of H-FABP and echocardiographic
parameters for risk stratification may be taken into account, but it is lower in priority than the
combination H-FABP/CK-MB.

MTDI does not provide additive prognostic information by itself or in combination with
other values and is inferior to the measurement of TAPSE. The use of mTDI for risk
stratification of normotensive patients with PE can not be substantiated on the basis of the
available data.

In risk stratification, the study of H-FABP and CK-MB, as described in the present work,
can be used and may replace Tnl as an established marker. The individual test results, and in
particular the combination of positive H-FABP test and increased CK-MB, could be included
in the PE management algorithm, especially when addressing the issue of thrombolysis which
routinely not recommended in this group of patients. The information obtained in this way could
then be taken into account, for example, in an individual risk score that is yet to be developed
and separately validated. However, prior prospective validation of these requires randomized,

controlled trials.
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The treatment of acute pulmonary artery embolism remains a challenge for modern medicine.
While the risk-adapted treatment strategies for the groups with high and low mortality risk are
essentially uncontroversial, uncertainty remains in patients with intermediate risk PE about the
appropriate risk stratification and management. Despite therapy, the mortality rate of this form
of pulmonary embolism is about 5-16%. It is possible that current concepts for risk
stratification, based on the use and combination of troponin I (Tnl) with imaging techniques
such as echocardiography, only transfer to this patient group in limited capacity. Therefore,
clinical research is increasingly focusing on other cardiac-specific biomarkers, such as cardiac
muscle-specific fatty acid binding protein (H-FABP), which is already being used successfully

in early-stage cardiac infarction diagnostics.

Aim of the study
The present study investigates the prognostic value of new myocardial laboratory markers as
well as specific right ventricular echo parameters and contributes to risk stratification in PE

with intermediate mortality risk.

Material and Methods

Between 2005 and 2010, 161 patients with proven PE and an initial systolic blood pressure
above 90 mmHg were enrolled. All patients underwent Tnl, creatine kinase isoenzyme MB
(CK-MB), CK and D-dimers determination at the routine cardiology laboratory. All patients
continued to receive a commercially available qualitative H-FABP rapid test (threshold 7
ng/ml). The routine echocardiographic examination with measurement of ventricular size ratios
(RV/LV index), the mTDI parameters, the TAPSE and other standard parameters took place on
the admission day. An intermediate mortality risk was based on the guidelines for
echocardiographic signs of right ventricular dysfunction (RVD) or elevated cardiac muscle
specific laboratory parameters. The primary endpoint was the 30-day mortality due to PE. The
secondary endpoint was the occurrence of a complicated clinical course, defined by therapy
escalation in the form of catecholamine administration, thrombolysis or embolectomy or

resuscitation.

Results
In total, 16 out of 161 (9.9%) patients died within 30 days after hospital admission. The
deceased had significantly higher plasma levels of Tnl, and CK-MB compared to survivors. A
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positive H-FABP test was found in 26 patients, of whom 15 (57.7%) died. In contrast, one of
135 H-FABP-negative patients died (0.7%, H-FABP positive vs. negative P <0.001).
Stratification according to Tnl resulted in a mortality rate of 19.7% (13 out of 66) among Tnl-
positive patients and 3.2% among those that were Tnl-negative (3 out of 95, P = 0.001). In
echocardiography, H-FABP positives exhibited significantly greater RV/LV indices (1.02 +
0.21 vs. 0.86 = 0.22, P = 0.001) compared to H-FABP negatives, and a significantly lower
TAPSE (13.7 £ 4.0 mm vs. 19.1 + 4.7 mm, P <0.001). There were no significant differences
for the mTDI parameters. Multivariate logistic regression analysis identified H-FABP (OR 27.1
95% CI 2.1 - 352.3), CK-MB (OR 5.3 95% CI 1.3 - 23.3) and the systolic blood pressure on
admisson (OR 1.2 95% CI 1.1 - 1.3) as independent predictors of 30-day mortality. The
combination of positive H-FABP test and increased CK-MB resulted in a particularly high
mortality risk: 14 of 16 patients with this laboratory constellation (87.5%) died. Conversely,
the survival probability of H-FABP-negative patients was over 99%.

There was an increased risk of a complicated clinical course with a positive H-FABP test
(OR 4.8 95% CI 1.1 - 21.1) and reduced TAPSE (OR 1.3 95% CI 1.2 - 1.5). TAPSE values

above 17.5mm made a complicated course unlikely in 98% of the cases.

Conclusion

Our data support the hypothesis that H-FABP could be a promising prognostic marker in
intermediate risk PE being highly associated with an unfavorable short-term outcome. Its
clinical value in risk stratification seems to be superior to that of cardiac troponins. The
combination of elevated H-FABP and CK-MB plasma levels indicates a particularly high risk
of mortality. The clinical value of CK-MB in risk stratification of PE is unclear and might be
underestimated and further studies are required. Increased H-FABP values correlate with
echocardiographic markers of RVD. MTDI is not suitable for risk stratification in this patient
group. Additional studies are necessary to identify which specific echocardiographic

parameters are the most useful in risk assessment in acute PE with intermediate risk mortality.
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Sazetak

Lijecenje akutne embolije plu¢ne arterije i dalje ostaje izazov za suvremenu medicinu. lako su
strategije lijeCenja prilagodene riziku za skupine s visokim i niskim rizikom od smrtnosti u
osnovi nesporne, kod bolesnika sa srednjim rizikom za pluénu emboliju ostaje neizvjesnost o
odgovarajucoj stratifikaciji rizika 1 zbrinjavanja pacijenta. Unato¢ terapiji, stopa smrtnosti od
ovog oblika plué¢ne embolije je oko 5-16%. Moguce je da se trenutni koncepti za stratifikaciju
rizika, temeljeni na upotrebi i kombinaciji troponina I (Tnl) s tehnikama slikovnog prikaza,
poput ehokardiografije, prenose na ovu grupu bolesnika u ograni¢enom kapacitetu. Stoga se
klinicka istrazivanja sve vise fokusiraju na druge specifi¢ne sr¢ane biomarkere, poput sréano-
misiénog proteina koji veze masne kiseline (H-FABP), koji se ve¢ uspjesno koristi u ranoj fazi

dijagnostickog postupka src¢anog infarkta.

Cilj studije
Ova studija istrazuje prognosticku vrijednost novih laboratorijskih markera miokarda, kao 1
specifi¢ne parametre ultrazvuka desnog ventrikula te doprinosi stratifikaciji rizika u pacijenata

s plu¢nom embolijom sa srednjim rizikom smrtnosti.

Materijali i metode

Izmedu 2005. 1 2010. godine u istrazivanje je uklju¢eno 161 pacijenta s dokazanom plu¢nom
ebmolijom 1 pocetnim sistolickim krvnim tlakom veé¢im od 90 mmHg. Za sve pacijente
provedeno je mjerenje Tnl, kreatin kinaze MB (CK-MB), CK i D-dimera u laboratoriju za
rutinsku kardiologiju. Kod svih bolesnika ucinjen je komercijalno dostupan kvalitativni brzi
test H-FABP (prag osjetljivosti od 7 ng/ml). Rutinski ultrazvu¢ni pregled s mjerenjem omjera
veli¢ine ventrikula (RV/LV indeks), mTDI parametrima, TAPSE i drugim standardnim
parametrima obavljen je na dan prijema. Definicija srednje razine rizika od smrtnog ishoda
zasnovana je na smjernicama za ultrazvu¢ne znakove disfunkcije desne klijetke (RVD) ili na
poviSenim vrijednostima specifi¢nih laboratorijskih parametara za srcani miSi¢. Primarni
promatrani ishod bila je smrtnost unutar 30 dana zbog plué¢ne embolije. Sekundarni promatrani
ishod bila je pojava kompliciranog klini¢kog tijeka, definiranog eskalacijom terapije u obliku

primjene kateholamina, trombolize ili embolektomije ili reanimacije.

Rezultati
Ukupno je 16 od 161 (9,9%) bolesnika umrlo u roku od 30 dana nakon prijema u bolnicu.

Ispitanici koji su preminuli imali su znacajno vise razine Tnl i CK-MB u plazmi, u usporedbi s
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prezivjelima. Pozitivan test H-FABP pronaden je kod 26 bolesnika, od kojih je njih 15 (57,7%)
umrlo. Suprotno tome, jedan od 135 bolesnika s negativnim H-FABP je umro (0,7%, pozitivan
H-FABP u odnosu na negativan P<0,001). Stratifikacija prema Tnl rezultirala je pojavom
smrtnosti od 19,7% (13 od 66) medu Tnl-pozitivnim pacijentima i 3,2% medu onima koji su
bili Tnl-negativni (3 od 95; P=0,001). U ehokardiografiji, ispitanici s pozitivnim H-FABP
pokazali su znacajno ve¢e RV/LV indekse u usporedbi s H-FABP negativnima (1,02 = 0,21 u
odnosu na 0,86 + 0,22; P=0,001) i1 znac¢ajno nizi TAPSE (13,7 + 4,0 mm nasuprot 19,1 + 4,7
mm; P<0,001). Nije bilo znacajnih razlika za mTDI parametre. Multivarijantnom logistickom
regresijskom analizom utvrdeni su H-FABP (OR=27,1; 95% CI 2,1 - 352,3), CK-MB (OR=5,3;
95% CI 1,3 - 23,3) 1 sistolic¢ki krvni tlak pri prijemu (OR=1,2 95% CI 1,1 - 1.3) kao neovisni
prediktori 30-dnevne smrtnosti. Kombinacija pozitivnog H-FABP testa 1 poviSenog CK-MB
rezultirala je s posebno visokim rizikom od smrtnosti: umrlo je 14 od 16 bolesnika s ovom
kombinacijom laboratorijskih nalaza (87,5%). Suprotno tome, vjerojatnost prezivljavanja
bolesnika s negativnim H-FABP testom iznosila je preko 99%.

Zabiljezen je povecan rizik od kompliciranog klinickog tijeka u bolesnika s pozitivnim H-
FABP testom (OR=4,8; 95% CI 1,1- 21,1) i smanjenim TAPSE (OR=1,3; 95% CI 1,2 - 1,5).
Bolesnici s vrijednostima TAPSE iznad 17,5 mm imali su nekompliciran tijek bolesti u 98%

slucajeva.

Zakljucéak

Nasi podaci podrzavaju hipotezu da bi H-FABP mogao biti obecavajuéi prognosticki biljeg za
pluénu emboliju s intermedijarnim rizikom jer je snazno povezan s nepovoljnim kratkoro¢nim
ishodom. Cini se da je njegova klini¢ka vrijednost u stratifikaciji rizika veéa od sréanih
troponina. Kombinacija poviSene razine H-FABP 1 CK-MB u plazmi ukazuje na posebno visok
rizik od smrtnog ishoda. Klini¢ka vrijednost CK-MB u stratifikaciji rizika od pluéne embolije
je nejasna i moguce podcijenjena te su potrebne daljnje studije. Povecane vrijednosti H-FABP
koreliraju s ultrazvuénim markerima disfunkcije desne klijetke. MTDI nije pogodan za
stratifikaciju rizika u ovoj skupini bolesnika. Potrebne su dodatne studije kako bi se utvrdilo
koji su ultrazvucni parametri najkorisniji za procjenu rizika za smrtni ishod u bolesnika s

akutnom pluénom embolijom srednjeg rizika.
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