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ABSTRACT

Pulmonary embolism (PE) is a common disease with a considerable short- and long-term risk of death.
An adequate evaluation of the prognosis in patients with PE may guide decision making in terms of the
intensity of the initial treatment during the acute phase, duration of treatment, and intensity of follow-
up control visits in the long term. Patients with shock or persistent hypotension are at high risk of early
mortality and may benefit from immediate reperfusion. Several tools are available to define the short-term
prognosis of hemodynamically stable patients. The Pulmonary Embolism Severity Index (PESI) score,
simplified PESI score, and N-terminal pro-B-type natriuretic peptide levels are particularly useful for
identifying patients at low risk of early complications who might be safely treated at home. However,
the identification of patients who are hemodynamically stable at diagnosis but are at a high risk of early
complications is more challenging. The current guidelines recommended a multiparametric prognostic
algorithm based on the clinical status and comorbidities. Unfortunately, only a few studies have evalu-
ated the role of risk factors potentially affecting the long-term prognosis of these patients. The available
studies suggest a potential role of the PESI score and troponin levels evaluated at the time of an index
event. However, further studies are warranted to confirm these preliminary findings and to identify other

long-term prognostic factors in this setting.

Introduction Venous thromboembolism (VTE) is
the third most common cardiovascular disorder
after myocardial infarction and brain ischemic
stroke with an overall annual incidence of 100 to
200 cases per 100 000 inhabitants."? VTE encom-
passes deep vein thrombosis (DVT) and pulmo-
nary embolism (PE). Due to population aging and
improvement in diagnostic techniques, PE has
been diagnosed increasingly more often in the
last few years.® PE is the major cause of mortal-
ity, morbidity, and hospitalization with 350 000
VTE-related deaths estimated each year in 6 ma-
jor European countries.’

Thus, despite progress in the diagnosis and
acute and postacute management of PE, it may
still have high short- and long-term mortality
rates.”*® In the acute phase, mortality seems to be
directly related to the characteristics of the throm-
boembolic event and to the rate of its short-term
recurrence. On the other hand, the long-term
prognosis of PE may be more influenced by the
presence of underlying comorbidities. However,

the short- and long-term prognosis varies wide-
ly among these patients, and strategies to pre-
dict the short- and long-term risk of death in
PE patients would be extremely useful for clini-
cians. Risk stratification in the acute phase of PE
is of paramount importance because it may help
guide decision making in terms of the intensity
of the initial treatment during an acute phase,
duration of treatment, and intensity of follow-
-up control visits in the long term. Thus, the aim
of this review was to provide clinicians with ad-
equate background information to accurately as-
sess the short- and long-term mortality risk of
patients with PE.

Short-term clinical outcomes and predicting factors
for mortality Short-term mortality varies widely
among patients with PE, ranging from less than
2% to more than 95% in patients who experience
cardiac arrest.5’ It is universally known that shock
or persistent hypotension define a subgroup of
PE patients that are at an exceptionally high risk
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of early mortality and for whom a more aggres-
sive therapeutic approach seems justified.®® Nev-
ertheless, this subgroup accounts only for 5% of
the whole population of patients presenting with
acute PE.% The absence of hemodynamic collapse
or persistent hypotension at presentation is gen-
erally thought to predict a favorable outcome.*
However, some of those patients may still have
an elevated risk of clinical deterioration and in-
hospital death; therefore, they may become can-
didates for rescue thrombolysis or embolectomy.
On the other hand, a consistent group of patients
may have a very low risk of early recurrence and/
or major complications and may be discharged
from the hospital after a very brief stay or even
directly from the emergency department, just af-
ter the first assessment. Thus, a careful stratifica-
tion of patients with acute PE seems to be partic-
ularly important for clinicians to guide the initial
management and to protect patients against the
hazard to be treated at home with an unaccept-
able level of risk, or to undergo unnecessary and
potentially dangerous treatments.

In the last few years, several studies have as-
sessed the role of potential risk factors for early
complications or early death, and a number of dif-
ferent tools are currently available to better de-
fine the prognosis of PE patients, including clin-
ical prediction rules (CPRs), biomarkers, and im-
aging tests.

Clinical prediction rules A number of CPRs have
been proposed for stratifying the short-term mor-
tality risk in patients with acute PE." The Pulmo-
nary Embolism Severity Index (PESI) was devel-
oped in 2005, and its accuracy has been repeat-
edly confirmed in several large prospective stud-
ies.'?" The original PESI includes 11 items: de-
mographic (age and sex), anamnestic (history of
cancer, heart failure, or chronic pulmonary dis-
ease), and objective (heart and respiratory rate,
systolic blood pressure, body temperature, al-
tered mental status, and oxygen saturation). The
original PESI score has been shown to be superi-
or to the Geneva score,'® the other popular risk
assessment model (area under the receiver op-
erating characteristic curve [AUROC], 0.76; 95%
confidence interval [CI], 0.69-0.83 vs 0.61; 95%
CI, 0.51-0.71)."

A recent large meta-analysis confirmed the
role of the PESI score in the identification of PE
patients at a low risk of mortality,' and patients
with a PESI score of I-II were included in a ran-
domized controlled trial that confirmed the safe-
ty and efficacy of home treatment of acute PE."”

Unfortunately, the PESI score categorizes pa-
tients into 5 risk classes and it is not easy to com-
pute. Thus, in an effort to overcome these limita-
tions, Jiménez et al."® has developed and validat-
ed a simplified score (sPESI) that has only 6 items
(age >80 years, history of cancer or chronic car-
diopulmonary disease, heart rate, systolic blood
pressure and oxygen saturation) and divided pa-
tients with acute PE into 2 categories (low risk,

sPESI = 0; high risk, sPESI >1). In a large popula-
tion of the RIETE study, the accuracy of the sPE-
SI score was similar to the original PESI score
(AUROC, 0.75; 95% CI, 0.69-0.80).

Biomarkers Serum biomarkers are used as a sur-
rogate for myocardial injury, right ventricular
(RV) dysfunction, and impending hemodynamic
instability, and are therefore best used as mark-
ers of severity, but may serve also for triage of
more stable patients when they are within nor-
mal limits.

Two large meta-analyses evaluating the role
of cardiac troponins in this setting have been
published.'?? Becattini et al.'” summarized data
from 20 studies for a total of 1985 patients. In
this pooled analysis, 122 of 618 patients (19.7%)
with elevated troponin levels and 51 of 1367 pa-
tients (3.7%) with normal troponin levels died,
and elevated troponin levels showed to be signifi-
cantly associated with short-term mortality (odds
ratio [OR], 5.24; 95% CI, 3.28-8.38) and with
PE-related death (OR, 9.44; 95% CI, 4.14-21.49).
Interestingly, elevated troponin levels were as-
sociated with high mortality even in the sub-
group of hemodynamically stable patients (OR,
5.90; 95% (I, 2.68-12.95). In a subsequent pub-
lication, focused on hemodynamically stable pa-
tients, Jimenez et al.?’ confirmed the association
between elevated troponin levels and short-term
mortality. However, the results of this meta-anal-
ysis suggested that elevated troponin levels did
not adequately discern normotensive patients
who are at a high risk of death from those who
are at a low risk of death (positive likelihood ra-
tio, 2.26; 95% CI, 1.66-3.07; negative likelihood
ratio, 0.59; 95% CI, 0.39-0.88).

In a meta-analysis that included 13 studies for
a total of 1132 patients with acute PE, Klok et al.?!
showed that elevated levels of brain natriuretic
peptide or N-terminal pro-B-type natriuretic pep-
tide (NT-proBNP) were significantly associated
with 30-day mortality (OR, 7.6; 95% CI, 3.4-17)
and that patients with high NT-proBNP levels had
a 10% risk of death (95% CI, 8.0%-13%).2" Sub-
sequently Agterof et al.?? demonstrated that pa-
tients with acute PE and with NT-proBNP levels
lower than 500 pg/ml (43% of the whole popula-
tion) can be safely treated at home. More recent-
ly, a number of prospective studies have evaluat-
ed the role of heart-type fatty acid binding pro-
tein (H-FABP), a small (15 kDa) marker of myo-
cardial ischemia with favorable release kinetics,
in predicting short-term mortality in patients
with acute PE.?*?* In a meta-analysis that pooled
the results of 6 studies for a total of 618 patients,
elevated H-FABP levels were strongly associat-
ed with short-term death (OR, 40.78; 95% CI,
11.87-140.09) and 31% (95% CI, 24%-39%) of
patients with elevated H-FABP levels died with-
in 30 days after the acute event.?®

There is a more limited evidence for D-di-
mer and for markers of kidney dysfunction (cre-
atinine, estimated glomerular filtration rate,
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cystatin-C, and neutrophil gelatinase-associat-
ed lipocalin).?6-28

Imaging tests Both echocardiography and com-
puted tomography are currently used in the man-
agement of patients with a suspicion of PE, but
they are potentially useful for predicting the
short-term prognosis of patients with estab-
lished PE directly showing signs of RV impair-
ment. Echocardiography may show RV dilata-
tion and hypokinesis, an abnormal motion of
interventricular septum, or tricuspid regurgita-
tion, with or without elevated systolic pulmonary
artery pressure (>30 mmHg).?° The ratio of the
right to left ventricular end-diastolic diameter
is the most common parameter and, in patients
with acute PE, a ratio of more than 0.9 is asso-
ciated with worse prognosis.’’ However, corre-
sponding pooled negative and positive likelihood
ratios were unsatisfactory for risk stratification
of these patients.®' Thus, echocardiographic cri-
teria should not be used alone to predict adverse
outcomes in stable patients with PE.

RV dysfunction on multidetector contrast-
-enhanced computed tomography (MDCT) is cur-
rently defined as the right-to-left ventricular di-
mensional ratio, and this parameter appeared
promising in some studies in patients with acute
PE.3? However, evidence on its prognostic role
is conflicting, and MDCT alone appeared inad-
equate to predict the short-term prognosis in
these patients.%

Combining risk factors  According to the evidence
presented above, many of the discussed parame-
ters may be useful for identifying the subgroup of
patients at a low risk of early complications. On
the other hand, each parameter alone appeared
insufficient to identify the subgroup of patients
with acute PE hemodynamically stable at diagno-
sis who may benefit from primary reperfusion.
Thus, a number of recent studies have tested var-
ious combinations of clinical findings with labo-
ratory and imaging tests.33-%

The current European Society of Cardiology
guidelines proposed a multiparametric prognos-
tic algorithmbased on the clinical status and co-
morbidities to select the appropriate manage-
ment and treatment of these patients.’ The PESI
score or sPESI should be used to distinguish be-
tween intermediate (PESI class III-V and simpli-
fied PESI 20) and low-risk patients (PESI class I
or II, or a simplified PESI of 0). A further risk as-
sessment should be considered only in normo-
tensive patients at intermediate risk evaluating
cardiac biomarker levels in the circulation and
signs of RV dysfunction (by echocardiography or
MDCT), focusing on the status of the RV in re-
sponse to PE-induced acute pressure overload. Pa-
tients with both elevated cardiac biomarker lev-
els in the circulation and RV dysfunction on im-
aging tests should be classified into an intermedi-
ate-high risk category. Conversely, patients with
normal cardiac biomarker levels and/or without

signs of RV dysfunction should be classified into
an intermediate-low risk category. Whether this
strategy results in better patient outcomes re-
mains to be shown.

Long-term clinical outcomes and predicting factors for
mortality The long-term clinical course of acute
PE may be complicated by high rates of serious
adverse events, both before and after cessation
of anticoagulant therapy. Patients with PE have
an increased risk of venous and arterial throm-
boembolic events and may have a higher risk of
all-cause and PE-related death compared with
patients without thromboembolic disease. Be-
sides, mortality due to direct hemodynamic ef-
fects of acute PE, other thrombosis-related con-
ditions, and comorbidities may affect survival of
these patients.

However, data on long-term mortality risk of
patients with previous PE are conflicting. In 2 re-
cent studies, the overall survival of PE patients
was shown to be similar to that of the general pop-
ulation.’37 In a population-based study, Naess
et al.3 followed 258 Norwegian patients with PE
for a maximum period of 6.5 years. In this popu-
lation, the overall mortality risk was particularly
high during the first month after an index event
but later it gradually reached that of the general
population. In another study including 1075 pa-
tients with noncancer-related PE, followed for a
median time of 6.6 years, the survival rate was
comparable to that of the general population.®

Conversely, in several other studies, the long-
-term survival of patients with a previous PE ap-
peared lower in comparison with controls.?8-40 In
1998, Heit et al.’® reported data from a cohort
study including 2218 patients with VTE (1277
patients with PE) followed for a total of 14629
person-years (median follow-up for PE patients:
6.1 years excluding cases diagnosed on autop-
sy) in Olmsted County.?® At 8 years, the surviv-
al rate was significantly lower than the expected
rate in PE patients who survived the first year
(69.7% vs 78.5%, respectively, P <0.001). More
recently, Schulman et al.*® reported long-term re-
sults (10 years) of the DURAC I study including
897 patients with noncancer-related VTE (107
with PE).% Death occurred in 28.5% of the pa-
tients, which constituted a higher mortality rate
than expected with a standardized incidence ra-
tio (SIR) of 1.43 (95% CI, 1.28-1.58), mainly be-
cause of a higher mortality from cancer than ex-
pected (SIR, 1.83; 95% CI, 1.44-2.23). Finally,
Flinterman et al.*’ compared long-term survival
(8 years) of 4947 patients with a first episode of
DVT and PE and of 6154 control individuals us-
ing the database of the MEGA study.*’ The over-
all mortality rate was 22.7 per 1000 person-years
(95% CI, 21.0-24.6) in patients and 4.7 per 1000
person-years (95% CI, 4.0-5.6) in controls for the
whole population’s standardized mortality ratio
of 4.0 (95% (I, 3.7-4.3).

Different results available in the literature may
be explained by the differences in study design
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and patient selection. However, taking together
all these studies, patients with acute PE appear
to have a lower long-term survival compared with
control individuals.

Thus, defining the prognosis of patients with an
acute PE may have important clinical implications
and may help clinicians allocate adequate resourc-
es for the management of these patients. Unfor-
tunately, the existing guidelines generally recom-
mend at least 3 months of therapeutic anticoag-
ulation for patients with acute PE®® but do not
provide clear recommendations on the frequency
and duration of medical follow-up after cessation
of anticoagulant treatment. Furthermore, only a
few studies have investigated possible predictors
of long-term prognosis in these patients. PE-re-
lated factors on admission and patient-related
factors have been correlated with adverse out-
comes in different studies. In 1992, Carson et al.*!
published a secondary analysis of the PIOPED
study where they prospectively followed 399 pa-
tients with PE for 1 year. The presence of cancer
(relative risk [RR], 3.8; 95% CI, 2.3-6.4), left-
-sided congestive heart failure (RR, 2.7; 95% CI,
1.5-4.6), and chronic lung disease (RR, 2.2; 95%
CI, 1.2-4.0) was significantly associated with a
higher long-term mortality rate. Subsequently,
Ribeiro et al.*? showed that PE patients with sys-
tolic pulmonary arterial pressure of more than 50
mmHg on admission had a higher risk of persis-
tent pulmonary hypertension at 1 year, as well as
higher mortality at 5 years. Meneveau et al.*® an-
alyzed a registry of 249 patients with PE treated
with thrombolytic drugs who were followed for
amean follow-up of 5.3 years.*’ In a multivariate
analysis, the following variables were associated
with long-term mortality: age >75 years (RR, 2.73;
95% (I, 2.18-3.21), persistence of vascular pul-
monary obstruction exceeding 30% after throm-
bolytic treatment (RR, 2.22; 95% CI, 1.69-2.74),
and cancer (RR, 2.03; 95% CI,1.40-2.65).

The prognostic impact of the Charlson Comor-
bidity Index (CCI), a measure of the burden of
disease arising from multiple comorbidities, was
evaluated in a retrospective cohort of 1023 con-
secutive patients with a median follow-up of 3.7
years.** About one-third of these patients had a
CCI score of 0. Long-term mortality of these pa-
tients was similar to the population-derived age-
and sex- matched mortality rate, and was signif-
icantly better than for those with a CCI score 21
(12.5vs 47.5%; P <0.001). Furthermore, in a mul-
tivariate analysis, CCI was significantly associat-
ed with death after discharge (HR 1.35, 95% CI,
1.29-1.42 per 1-score increase).

Two studies evaluated the role of troponin T
in predicting the long-term mortality rate after
an episode of acute PE.*5¢ In the first study, tro-
ponin T was determined in 563 patients with ob-
jectively diagnosed PE presenting at the emer-
gency department of a tertiary care center.’s
Troponin T was positive in 27% of this popula-
tion. One-year survival was significantly lower in
patients with positive troponin T (71% vs 90%; P

<0.001). Elevated troponin levels were associated
with a higher risk of mortality (HR, 2.76, 95% CI,
1.78-4.28) along with cancer (HR, 3.11, 95% CI,
2.00-4.82) and immobility at the time of the in-
dex event (HR, 2.41, 95% CI, 1.52-3.82) at 1 year
in a multivariate analysis. Interestingly, this asso-
ciation was confirmed after exclusion of patients
who were hemodynamically unstable at presen-
tation but lost its statistically significance after
the exclusion of in-hospital deaths. Ng et al.*® as-
sessed the prognostic role of troponin T in a ret-
rospective cohort of 577 patients (selected from
the previously described cohort of 1023 patients)
with confirmed PE.*® In this population, troponin
T was significantly associated with an increased
mortality at 1 year, and patients with troponin
T levels of 0.1 pg/l or higher had a double risk of
mortality (HR, 2.3; 95% CI, 1.4-3.8). Of note, in
a multivariate analysis, a number of other vari-
ables including age, the presence of cardiovas-
cular disease or neurodegenerative disease, can-
cer, and serum hemoglobin showed to be signifi-
cant predictors of mortality at 1 year. In a subse-
quent analysis of the same population,*’ the au-
thors assessed, in 773 patients, the prognostic
role of serum sodium levels and its fluctuation.
A total of 605 patients (78.3% of the whole pop-
ulation) maintained their serum sodium levels
over 135 mmol/l during the whole period of hos-
pitalization, whereas the other 168 patients had
atleast 1 episode of hyponatremia during hospi-
talization. Patients with either persisting or ac-
quired hyponatremia had worse long-term sur-
vival than those who had corrected hyponatremia
or had been normonatremic throughout (adjust-
ed HR, 1.47; 95% CI, 1.06-2.03).

Finally, only 3 studies have investigated prog-
nostic clinical variables formally combined in
a CPR to predict long-term prognosis in PE pa-
tients.*8-%0 Subramanian et al.*® prospectively as-
sessed the performance of the Geneva prognos-
tic CPR in 105 PE patients at 3 and 12 months.
At 12-month follow-up, death occurred in 5 of
88 patients (5.7%) with a score of 2 or lower and
in 8 of 17 patients (47.1%) with a score of 3 or
higher (P <0.0001).

Yamaki et al.*° evaluated the overall mortality
and recurrent VTE at 12 months in 203 patients
with PE. A CPR was derived using variables sig-
nificantly associated with an adverse outcome
in a multivariate analysis: active cancer, inade-
quate anticoagulation, leg symptoms, male sex,
presence of DVT, presence of proximal DVT, and
previous DVT.

Using this CPR, 166 patients (81.8%) were clas-
sified as being at low risk of an adverse outcome,
and 37 patients (18.2%), at high risk. The adverse
event rates were 6.0% for the low-risk group and
59.5% for the high-risk group. More recently,
Dentali et al.?? assessed the prognostic perfor-
mance of the PESI and sPESI in 538 patients with
PE followed for 1 year after the index event. Both
the PESI and sPESI scores showed to be highly
accurate in predicting the risk of mortality at 6
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months (AUROC, 0.77; 95% CI, 0.73-0.81 vs 0.76;
95% CI, 0.72-0.80) at 6 months, whereas the ac-
curacy of the sPESI was slightly but significantly
lower at 12 months (0.79, 95% CI, 0.75-0.82 vs
0.75; 95% CI, 0.71-0.79).

Conclusions Patients suffering from an episode
of acute PE varied widely in terms of short- and
long-term prognosis. Several tools are available to
define the short-term prognosis and they seem to
be particularly useful in the identification of pa-
tients at a low risk of death. On the other hand,
only a few studies have evaluated the role of risk
factors potentially affecting the long-term prog-
nosis of these patients. Therefore, other high-
-quality studies are warranted to better explore
this issue.
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STRESZCZENIE

Zatorowo$¢ ptucna (ZP) jest czesto rozpoznawang chorobg obcigzong niematym wczesnym i odlegtym
ryzykiem zgonu. Wtasciwa ocena rokowania u chorych z ZP moze poméc w wyborze intensywnosci
wstepnego leczenia w ostrej fazie choroby, wpiyng¢ na czas trwania leczenia oraz na intensywno$¢
wizyt kontrolnych w diugim okresie. Chorzy we wstrzasie lub z utrzymujgca sie hipotensjq sg obcigzeni
duzym ryzykiem wczesnego zgonu i mogg odnie$¢ korzy$ci z natychmiastowe] reperfuzji. Istnieje kilka
narzedzi do oceny krétkoterminowego rokowania u chorych stabilnych hemodynamicznie. Jak sig wyda-
je, skala PESI (Pulmonary Embolism Severity Index), uproszczona skala PESI oraz prawidtowe stezenie
NT-pro-BNP sa szczegdlnie uzyteczne w identyfikacji chorych obcigzonych matym ryzykiem wczesnych
powiktan, ktérych mozna bezpiecznie leczy¢ w domu. Niemniej jednak identyfikacja chorych stabilnych
hemodynamicznie w chwili rozpoznania, ale obcigzonych duzym ryzykiem wczesnych powikian, nastre-
cza wiecej probleméw. W aktualnych wytycznych zaproponowano wieloparametryczny algorytm oparty
na stanie klinicznym i chorobach wspéfistniejacych. Niestety, tylko w kilku badaniach oceniano role
czynnikéw ryzyka potencjalnie wptywajacych na dtugoterminowe rokowanie u tych chorych. Dostepne
badania sugerujg potencjalng role skali PESI i stezen troponin ocenianych podczas epizodu zatorowo$ci
ptucnej. Jednak uzasadnione sg dalsze badania, aby potwierdzi¢ te wstepne wyniki oraz zidentyfikowaé
inne czynniki wptywajgce na diugoterminowe rokowanie w tych przypadkach.
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