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Aims

Methods
and results

To determine the prognostic value of right ventricular (RV) dysfunction assessed by echocardiography or spiral com-
puted tomography (CT), or by increased levels of cardiac biomarkers [troponin, brain natriuretic peptide (BNP) and
pro-BNP] in patients with haemodynamically stable pulmonary embolism (PE).

We included all studies published between January 1985 and October 2007 estimating the relationship between
echocardiography, CT or cardiac biomarkers and the risk of death in patients with haemodynamically stable PE.
Twelve of 722 potentially relevant studies met inclusion criteria. The unadjusted risk ratio of RV dysfunction as
assessed by echocardiography (five studies) or by CT (two studies) for predicting death was 2.4 [95% confidence
interval (Cl) 1.3—4.4]. The unadjusted risk ratio for predicting death was 9.5 (95% Cl 3.2-28.6) for BNP (five
studies), 5.7 (95% Cl 2.2—15.1) for pro-BNP (two studies) and 8.3 (95% Cl 3.6—19.3) for cardiac troponin (three
studies). Threshold values differed substantially between studies for all markers.

Conclusion RV dysfunction assessed by CT, echocardiography, or by cardiac biomarkers are all associated with an increased risk
of mortality in patients with haemodynamically stable PE. These findings should be interpreted with caution because
of the clinical and methodological diversity of studies.

Keywords Pulmonary embolism e Prognosis e Right ventricular dysfunction e BNP e Echocardiography

IntrOdUCtion all case series.*> We carried out a meta-analysis to assess the prog-

The short-term prognosis of pulmonary embolism (PE) depends
on haemodynamic status and underlying disease.* It has been
suggested that patients with PE should be classified into two
groups: those with massive PE presenting with hypotension or
shock, for whom the risk of death is high, and patients with non-
massive PE who present with normal blood pressure and have a
low risk of death.? The debate has recently focused on a subgroup
of normotensive patients with subclinical haemodynamic impair-
ment detected by echocardiography, cardiac biomarkers or spiral
computed tomography (CT). This subgroup of patients has been
shown to have a higher mortality rate in some studies but not

nostic value of right ventricular (RV) dysfunction as evaluated by
echocardiography or spiral CT, and the prognostic value of
increased levels of brain natriuretic peptide (BNP), pro-BNP and
troponin in patients with non-massive PE with a view to identifying
this subgroup more accurately.

Methods

Search strategy

We searched for eligible studies published between January 1985
and October 2007 using two strategies. In Medline, we used the fol-
lowing strategy based on a Pubmed sensitive query to identify
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Table | Characteristics of studies evaluating the prognostic value of right ventricular dysfunction and cardiac biomarkers for mortality in patients with
haemodynamically stable pulmonary embolism

0LS)

Study reference  Population Description of confounding Clinically stable Mortality in Definition of Prognosis factor
....................................................................................... patients (n) clinically stable shock
Patients Setting Age Cancer Cardiac Respiratory Thrombolysis or patients Definition of RV Time of
(n) disease  disease embolectomy dysfunction measurement
from onset
Echocardiography
Kiicher et al."® 73 Emergency 61 NR 22% 7% 23% 59 3.4% HR/SBP > 1 RV hypokinesia Admission
Pieralli et al."® 61 Cardiology 75 16% 30% 10% 12% 61 6.5% SBP < 90 mmHg (1) RVEDD/LVEDD > 1or Admission
department RVEDD > 30 mm OR (2)
Septal dyskinesia OR (3)
RV-RA gradient >30 or
PAT <90 ms
Vieillard-Baron 170 Intensive care 64 NR 0 0 8% 95 3% SBP < 90 mmHg RVEDA/LVEDA > 0.6 with 1h
etal® unit septal dyskinesia
Grifoni et al.”® 209 Emergency 65 19% 25% NR 16% 162 4% SBP < 100 mmHg (1) RVEDD/LVEDD > 1 or 1h
RVEDD > 30 mm OR (2)
Septal dyskinesia OR (3)
RV-RA gradient > 30 or
PAT <90 ms
Kostrubiec 110 Cardiology 62 13% 17% CHF, 7% 7% 100 15% SBP < 90 mmHg (1) RVEDD/LVEDD > 0.6 Admission
etal™ department 27% with RV hypokinesis OR
CAD (2) elevated
TVPG > 30 mmHg with
PAT < 80 ms
Computed tomography
Ghuysen et al"” 82 Emergency 61 NR 32%° 33% 71 8% SBP < 100 mmHg ~ RVEDD/LVEDD > 1.5 Admission
Van der Meer 120 Emergency® 59 21% 6% 0% 120 1% SBP < 100 mmHg ~ RVEDD/LVEDD > 1 Admission
etal'®
Method Brand name Threshold
(Manufacturer) (ng/mL)
BNP
Tulevski et al*' 30 Cardiology 57 NR NR NR NR 14 0% NR IRMA Shionoria BNP kit NR
department (Shionogi, Japan)
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Pieralli et al."® 61 Cardiology 75 16% 30% 10% 12% 61 6.5% SBP < 90 mmHg IFA Triage BNP test 0.49¢
department (Biosite Diagnostics
Inc., USA)
Kiicher et al." 73 Cardiology 61 NR 22% NR 21% 59 3.4% HR/SBP > 1 IFA Triage BNP test 0.09¢
department (Biosite Diagnostics
Inc., USA)
ten Wolde 110 Cardiology 58 16% NR NR 0 110 10% NR IRMA Shionoria BNP kit 0.08°
et al®® department (Shionogi, Japan)
Tulevski et al.* 28 Cardiology 53 NR NR NR NR 28 7% SBP < 100 mmHg  IRMA Shionoria BNP kit NR
department (Shionogi, Japan)
Pro-BNP
Pruszczyk et al?® 79 Cardiology 63 NR NR NR 10% 70 16% SBP < 90 mmHg CIA Elecsys kit (Roche NR
department Diagnostics,
Germany)
Kostrubiec 110 Cardiology 62 13% 17% CHF, 7% 7% 100 15% SBP < 90 mmHg ECIA Elecsys kit (Roche 0.07¢
et al'* department 27% Diagnostics,
CAD Germany)
Troponin-T
Kiicher et al."® 73 Emergency 61 NR 22% 7% 23% 59 3.4% HR/SBP > 1 ECIA Elecsys kit (Roche 0.01°
Diagnostics,
Germany)
Kostrubiec 110 Cardiology 62 13% 17% CHF, 7% 7% 100 15% SBP < 90 mmHg ECIA Elecsys kit (Roche 7.6°
etal™ department 27% Diagnostics,
CAD Germany)
Tulevski et al?? 28 Cardiology 53 NR NR NR NR 28 7% SBP < 100 mmHg  Immunological assay NR 0.01

department

NR, not reported; RVEDD/LVEDD, right to left end-diastolic diameter ratio; RVEDA/LVEDA, right to left ventricular end-diastolic area ratio; RV—RA gradient, right ventricular—right atrial gradient; PAT, pulmonary arterial flow acceleration
time; TVPG, tricuspid valve pressure gradient; SBP, systolic blood pressure; HR/SBP, ratio of heart rate to systolic blood pressure; IFA, immunofluorescence assay; IRMA, immunoradiometric assay; CIA, chemiluminescence immunoassay; ECIA,
electrochemiluminescence immunoassay.

“Multicenter study (all others are single-centre studies).

®Cardiopathy and chronic respiratory insufficiency.

“ROC curve cut-off value.

4Laboratory cut-off value.

“Highest tertile cut-off value.
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prognostic studies:*” ‘Pulmonary Embolism’[MeSH] AND (‘Ventricular
Dysfunction, Right[MeSH] OR ‘Natriuretic Peptide, Brain’[MeSH]
OR ‘Troponin'[MeSH] OR ‘Echocardiography’ [MeSH] OR ‘Tomo-
graphy, Spiral Computed’[MeSH]) AND (incidence[MeSH:noexp] OR
mortality[MeSH Terms] OR follow-up studiesfMeSH:noexp] OR
prognos*[Text Word] OR predict*[Text Word] OR course*
[Text Word]). In Embase, we used the following strategy based
on a published specific query® ‘lung embolismde AND (‘heart
right ventricle function"de OR ‘brain natriuretic peptide:de OR
‘troponinde OR ‘echocardiography’de OR ‘spiral computer-assisted
tomography:de) AND (prognos:.tw. OR survivitw.). We restricted
our searches to publications dealing with humans. We applied no
language restriction. We also searched the references of the primary
articles selected to identify other relevant publications.

Study identification and eligibility

We included studies in which: (i) patients had an acute PE confirmed
by either a high PIOPED probability lung scan’ or by thrombus visual-
ization in at least segmental arteries by contrast-enhanced spiral CT or
pulmonary angiography; (ii) all patients were haemodynamically stable
according to the definition of each study (Table 1); (iii) patients under-
went at least one of the following tests at baseline — echocardiography
or spiral CT to assess RV dysfunction, cardiac troponin | or T, BNP, or
N-terminal pro-BNP determination; (iv) all-cause in-hospital or up to
90-day mortality was reported; and (v) consecutive patients were
included (i.e. an inception cohort or a retrospective identification of
consecutive patients).

Study selection and data extraction

Two reviewers (O.S., G.M.) reviewed independently the lists of titles
and abstracts and used the inclusion criteria to mark potentially rel-
evant articles for full review. Each study that was selected as potentially
relevant in the search process was read and abstracted independently
by four reviewers (O.S., G.M,, I.C., P.D.). Reviewers were not blinded
to authors. We also contacted authors of the primary studies for
clarifications when necessary.

For each study, information was collected on: (i) characteristics of
the study population (mean age, percentage of patients with cancer,
cardiac disease and respiratory disease); (ii) design of the study (pro-
spective or retrospective, single-centre or multi-centre); (i) methodo-
logical quality of the study (discussed later); (iv) treatment (number of
patients who received thrombolytic therapy or underwent pulmonary
embolectomy); (v) mortality; and (vi) full description of the prognostic
factor — brand name and manufacturer, method and cut-off value for
assays of biological markers; criteria for RV dysfunction on echocardio-
graphy or spiral CT.

Disagreements between reviewers on study selection and abstrac-
tion results were resolved by a formal discussion process (O.S., L.T,,
I.C., P.D., G.M.) to achieve consensus. The reasons for excluding par-
ticular studies are presented in Figure 1.

Assessment of study validity

We adapted published frameworks for assessing the methodological
quality of the selected studies."®"" Methodological quality was evalu-
ated based on four sets of criteria: homogeneity of the study popu-
lation; outcome measures; definition and measurement of prognostic
variables; method of analysis.

The study population was considered homogeneous if consecutive
patients were recruited and the objective confirmation of PE was
used as an inclusion criterion. The homogeneity of the study popu-
lation was also checked by assessing potential confounding factors

(i.e. age, cancer, heart failure, thrombolytic treatment or
embolectomy).

We evaluated the quality of outcome measurement by checking for
the complete follow-up of subjects (outcome measure obtained from
100% of subjects).

We considered biological prognostic variables to have been fully
described if the name of the kit and manufacturer, the method of
measurement, the threshold used to define abnormal results and its
method of determination (laboratory threshold or ROC curve analy-
sis) were reported. We considered imaging prognostic variables to
have been fully described if RV dysfunction was defined and the
threshold value defining RV dilatation was reported. Quality of the
measure of prognostic factors was assessed by the time to measure-
ment from inclusion and the blindness of assessment for both biologi-
cal and imaging prognostic variables.

The quality of analysis was evaluated based on adjustment for poten-
tial confounding factors.

Statistical analysis

To assess the prognostic value of the variables of interest, we calcu-
lated unadjusted relative risks and confidence intervals (Cls) for indi-
vidual studies. We present the results of individual studies using
forest plots for each prognostic factor. As a small number of studies
met the criteria for being included in the review for each prognostic
factor, we assessed statistical heterogeneity using the 1> coefficient. '
It describes the percentage of total variation across studies that are
attributable to heterogeneity rather than chance and it does not inher-
ently depend upon the number of studies considered. In absence of
statistical heterogeneity (1> < 25%), we calculated a pooled unadjusted
effect size using a fixed effect model of the relative risk. We further
explored heterogeneity by describing the clinical and methodological
characteristics of studies in terms of the study population, prognostic
factors and confounding factors. Finally, some studies that met the eli-
gibility criteria for our review reported positive predictive values
(PPV). For comparative purposes, we calculated the corresponding
pooled diagnostic indexes: pooled sensitivity, specificity, and uncondi-
tional positive and negative predictive values were estimated. Analyses
were carried out with STATA v8.0 and RevMan 4.2.

Results

Twelve studies from a list of 722 potentially relevant studies met
the criteria for being included in the review (Figure 1). Five
studies (including 475 patients) evaluated RV dysfunction on echo-
cardiography,”* " two studies (including 191 patients) analysed
RV dysfunction on spiral CT,'"'® five studies (including
272 patients) evaluated BNP,"®""722 two studies (including 170
patients) assessed pro-BNP,"*?? and three studies (including 187
patients) evaluated cardiac troponin levels."*"*?* Four studies
evaluated multiple prognostic factors of interest*~ "% (Table 1).

The proportion of patients receiving thrombolysis or embolect-
omy ranged from 7 to 33%.

Biological and imaging prognostic factors were well defined as
assessed by their complete description in all studies. But their
measurement is questionable. The physicians treating the patients
were blind to the test result in only four studies."*'®2%*2 The
physicians had access to the test result in three studies
and in the remaining five studies, this information was not
reported 513151719

16,21,23
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Potentially relevant publications identified
and screened for retrieval (n=722)

Studies excluded after

A 4

Abstracts retrieved for
more detailed evaluation (n=125)

title screening (n=597)

Studies excluded after
abstract screening (n=57)
Reasons:

| ® Notrelevant (n=46)

A 4

Potentially relevant articles for which the full
text was retrieved (n=68)

e No data available for patients
without shock (n=1)
e No consecutive sample (n=4)

e No data concerning mortality (n=0)

Studies excluded after
review of the full text (n=56)
Reasons:

e Not relevant (n=16)

A 4

Studies included in analysis (n=12)

Figure | Selection of the studies.

Outcome was obtained from 100% of patients in all studies.
Eight studies reported in-hospital mortality.‘r”3'15717'19‘21'23 One
study reported 40-day mortality,’* and three reported 90-day
mortality.'®2°22 Overall mortality varied between 0 and 16%.

Potential confounders were fully reported in only four out of 12
identified studies (Table 1).">%1%8 Statistical analysis was adjusted
for confounding variables in only three studies for all-cause mor-
'cality.”‘zo'23 The other criteria used to assess the methodological
quality of the 12 studies are reported in Table 1.

Right ventricular dysfunction as assessed

by echocardiography or spiral computed

tomography

Table 1 and Figure 2 summarize the characteristics of the seven
studies reporting on RV dysfunction and the pooled unadjusted
relative risk for mortality. All but one of the studies'® were single-
centre studies. Four studies involved emergency department
patients, one involved intensive-care patients and two involved

» o No data available for patients
without shock (n=23)
e No consecutive sample (n=28)

e No data concerning mortality (n=9)

patients admitted to a cardiology department. Potential confound-
ing factors were described in detail in four of seven studies
(Table 7).13141618

Five studies evaluated the prognostic role of RV dysfunction
assessed on echocardiography.5'13’16 RV dysfunction was defined
as RV hypokinesia in one study15 and using a composite criteria
in the remaining four studies.>'31*1¢ This composite criteria
included a quantitative index for RV dilatation with a threshold
for RV end-diastolic diameter/left ventricular (LV) end-diastolic
diameter ratio (RVd/LVd) of 0.6—1.

Two studies evaluated the prognostic role of RV dysfunction
assessed on spiral CT. In those studies, RV dysfunction was
defined as RV dilatation with two different thresholds of RVd/
LVd (Table 1)."718

The pooled unadjusted relative risk of RV dysfunction for pre-
dicting death was 2.4 [95% Cl 1.3—4.4] when the seven echocar-
diography and spiral CT studies were combined, with no
significant statistical heterogeneity. When the five echocardiogra-
phy studies were analysed separately, the unadjusted relative risk
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Study Exposed Non-exposed RR (fixed) Weight RR (fixed)
or sub-category (nIN) (niN) (95% CI) (%) (95% CI)
01 Echocardiography
Grifoni et al."? 4/65 3/97 -1 17.44 1.99 (0.46-8.60)
Vieillard-Baron et al.'® 1/32 2/63 —_— 9.76 0.98 (0.09-10.45)
Kucher et al.’® 2/19 0/40 —t——F 2.37 10.25 (0.52-203.61)
Kostrubiec et al.'* 10/60 3/38 o 26.61 2:11 1
Pieralli et al.'® 4/35 0/26 —t—s——) 4.14
Subtotal (95% Ci) 211 264 <0 60.3
Total events: 21 (Exposed), 8 (Non-exposed)
Test forheterogeneity : 3*=2.09,df =4 (P=0.72), F=0%
Test foroverall effect: Z=2.35(P=0.02)
02 Computed tomography
Ghuysen et al.'” 3/24 3/47 —_—— 14.69 1.9 g.98)
van der Meer et al.'®t 10/69 3/51 -+—a— 24.99 2. .50)
Subtotal (95% CI) 93 98 g 39.68 2.28 (0.87-5.98)
Total events: 13 (Exposed), 6 (Non-exposed)
Test for heterogeneity:3* = 0.05,df = 1 (P=0.82), = 0%
Test for overall effect: Z= 1.67 (P=0.09)
Total (95% Cl) 304 362 i 00, 0f 43 33-4. 45
Totalevents: 34 (Exposed), 14 (Non-exposed)
Test for heterogeneity: * =2.14,df =6 (P=0.91), #=0%
Test for averall effect: Z=2.88 (P = 0.004)

0.01 01 1 10 100

No RV dysfunction RV dysfunction

Figure 2 Prognostic value of right ventricular dysfunction for mortality in patients with pulmonary embolism without shock. The outcome
was in-hospital mortality for all studies, except two: (x) 40-day mortality and (1) 90-day mortality.

Table 2 Pooled diagnostic indexes for echocardiography, computed tomography, brain natriuretic peptide (BNP),

pro-BNP, and cardiac troponin

Test

Echocardiography = Computed tomography = BNP Pro-BNP Cardiac troponin
Sensitivity (%) (95% Cl) 70 (46—-86) 65 (35-85) 88 (65-96) 93 (14-100) 81 (23-100)
Specificity (%) (95% Cl) 57 (47-66) 56 (39-71) 70 (64-75) 58 (14-92) 84 (77-90)
Negative predictive value (%) (95% Cl) 60 (55—65) 58 (51-65) 76 (73-79) 81 (65-97) 73 (68-78)
Positive predictive value (%) (95% CI) 58 (53-63) 57 (49-64) 67 (64-70) 63 (50-76) 75 (69-80)

95% Cl, 95% confidence interval.

of RV dysfunction for predicting death was 2.5 (95% CI 1.2-5.5)
with no heterogeneity. The pooled unadjusted relative risk for
the two spiral CT studies was 2.3 (95% ClI 0.9-5.98).

For echocardiography and spiral CT, the pooled sensitivity,
specificity, positive and negative predictive values are summarized
in Table 2.

Cardiac biomarkers

Table 1 and Figure 3 summarize the characteristics of the eight
studies evaluating one or several cardiac biomarkers and the
pooled unadjusted relative risk for mortality. Six studies assessed
one biomarker'>'¢1772123 and two studies assessed two different
biomarkers in the same patients."*** BNP was evaluated in five
studies’®"”~> and pro-BNP in two studies."** Cardiac
troponin-T was evaluated in three studies.”**** Two studies
described potential confounding factors in detail.'"*"® The patients
were recruited in the emergency department in one study,' and
were admitted to cardiology departments in the other seven

studies."*1¢17=23 All studies provided the method for biomarker
determination, the manufacturer, the name of the kit and time to
measurement which ranged from 0 to 4 h after admission. The
threshold used for the biological dosage was reported for seven
of the 10 evaluations (Table 7). The threshold value was defined
according to ROC curve analysis in five studies.'>'®92923 The
threshold values varied from 0.08 to 0.49 ng/mL for BNP, from
0.6 to 7.6 ng/mL for pro-BNP and from 0.01 to 0.07 ng/mL for
troponin-T. The pooled unadjusted relative risk for predicting
in-hospital or 30-day death was 9.5 (95% ClI 3.1-28.6) for BNP,
5.7 (95% ClI 2.2-15.1) for pro-BNP and 8.3 (95% CI 3.6—-19.3)
for troponin-T. No statistical heterogeneity was observed for any
of these biomarkers (I* = 0).

Some adjustment for confounders was reported in three studies
for all-cause mortality."*?°?® In one study, the prognostic value of
pro-BNP on in-hospital mortality was still statistically significant
after adjustment for pulse, oximetry, age, blood pressure, RV/LV
ratio, and tricuspid valve pressure gradient [OR (odds ratio) for
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Study Exposed Non-exposed RR (fixed) Weight RR (fixed)
or sub-category (nIN) (nIN) (95% CI) (%) (95% CI)
01 BNP
Tulevski et al.21 0/3 0/11 Not estimable
Kucher et al.15 2/21 0/38 —]—®————p 14.41 8.86 (0.45-176.44)
ten Wolde etal.20 9/36 2/74 —a— 52.30 9.25 (2.11-40.61)
Pieralli et al.1® 4/20 0/41 ——=—» 13.32 18.00 (1.02-318.87)
Tulevski et al.22 2/14 0/14 = 19.98 5.00 (0.26-95.61)
Subtotal (95% Cl) 94 178 < 100.00 9.51 (3.16-28.64)
Total events: 17 (Exposed), 2 (Non-exposed)
Test for heterogeneity: x* = 0.38, df = 3 (P = 0.95), F = 0%
Test for overall effect: Z=4.00 (P < 0.0001)
02 pro-BNP
Pruszczyk et al.23 11/56 0/14 —) & 23.91 6.05 (0.38-96.95)
Kostrubiec et al.14* 9/21 6/79 —— 76.09 5.64 (2.26-14.08)
Subtotal (95% Cl) 77 93 i 100.00 5.74 (2.18-15.13)
Total events: 20 (Exposed), 6 (Non-exposed)
Test for heterogeneity: x* = 0.00, df = 1 (P = 0.96), * = 0%
Test for overall effect: Z=3.53 (P = 0.0004)
03 Cardiac troponin
Kucher et al.15 2/16 0/43 P 10.43 12.94 (0.65-255.89)
Kostrubiec et al.14* 9/18 6/82 —— 80.84 6.83 (2.78-16.78)
Tlilevski et al.22 2/6 0/22 =) 8.73 16.43 (0.89-303.42)
Subtotal (95% CI) 40 147 < 100.00 8 7-19.33)
Total events: 13 (Exposed), 6 (Non-exposed)
Test for heterogeneity: ¥* = 0.48, df = 2 (P= 0.79), 2 = 0%
Test for overall effect: Z = 4.92 (P < 0.00001)

0.01 0.1 1 10 100

Low level Elevated level

Figure 3 Prognostic value of cardiac biomarkers for mortality in patients with pulmonary embolism without shock. The outcome was
in-hospital mortality for all studies, except two: () 40-day mortality and (1) 90-day mortality.

log NT-pro-BNP 1.9, 95% Cl 1.1-3.2]%* In another study, the
association between a BNP level >21.7 pmol/L and 90-day
mortality was still statistically significant after adjustment for age
and cancer (OR 9.4, 95% Cl 1.8—49.2).%° Finally another study
reported a significant increase in 40-day mortality risk when
cardiac troponin was >0.07 pg/L after adjustment for age [HR
(heart rate) 6.5, 95% Cl 3.3-18.9]."

For BNP, pro-BNP, and cardiac troponin, the pooled sensitivity,
specificity, positive and negative predictive values are summarized
in Table 2.

Discussion

This systematic review suggests that RV dysfunction as assessed by
echocardiography and spiral CT, or by increased levels of BNP,
pro-BNP or troponin-T is associated with a higher risk of mortality
in clinically stable patients with PE. However, studies that met the
eligibility criteria showed clinical and methodological diversity
because of various criteria and thresholds used to define RV dys-
function. Although all risk ratios associated with cardiac bio-
markers were higher than those associated with cardiac imaging,
one must not conclude that elevated biomarkers are associated
with higher mortality risk than RV dysfunction on echocardiogra-
phy. Moreover, all these markers do not measure RV dysfunction
in the same way: while CT provides information on RV dilatation
only, echocardiography also gives some information on contracti-
lity, i.e. septal or RV hypo- or dyskinesia; cardiac troponin is a
marker of myocardial injury. BNP or pro-BNP are two specific
markers of wall ventricular stress but there are other reasons

for increased BNP or pro-BNP levels such as neurohumoural
stimulation, inflammation, cytokines or ischaemia.

Besides, those elevated risk ratios should be interpreted cau-
tiously, having regard to the low PPV. The large 95% Cl of each
value of PPV underlines the degree of uncertainty of these
results even when all potentially eligible studies are included in
the analysis.

The in-hospital mortality of patients with so-called massive PE,
defined on the basis of systemic hypotension or cardiogenic
shock ranges from 25 to >50%"%° and most experts recommend
the use of aggressive treatments, including thrombolytic treatment,
in these patients.*** BNIP and troponin levels are usually high in
these patients, but are not particularly useful in this context
because the presence of cardiogenic shock per se is a major risk
factor for death in patients with PE. Recently, Becattini et al* per-
formed a meta-analysis of studies in patients with acute PE to
assess the prognostic value of elevated cardiac troponins for short-
term death. The unadjusted OR associated with elevated troponin
levels was 5.2 (95% Cl 3.3—8.4).2> However, the study eligibility
criteria were less stringent. In particular, studies assessing troponin
in patients with haemodynamic instability were eligible in that
analysis. We focused our analysis on clinically stable patients
because a risk stratification tool that accurately predicts the prog-
nosis of these patients may be useful for clinicians. The in-hospital
mortality of patients with PE and normal blood pressure has been
reported to vary from 3 to 15%.>* Patients estimated to be at low
risk could be discharged early or managed entirely at home
whereas high-risk patients may benefit from a more careful
in-hospital follow-up. However, the use of these markers for
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guiding initial treatment, i.e. thrombolytic treatment, seems
premature because of several limitations.

Combination of imaging modalities with cardiac biomarkers may
further optimize risk stratification. In our review, only three studies
evaluated the prognostic value of RV dysfunction and cardiac bio-
markers in the same population.M_16 We could extract the 2 x 2
table crossing echocardiography and BNP results in one study'®
and those crossing echocardiography and pro-BNP or cardiac tro-
ponin results in another study.14 In the first study, the unadjusted
risk ratio for combination of a positive echocardiography and
elevated BNP value was 18.0, 95% Cl 1.0-318.9 vs. 6.8, 95% ClI
0.4-120.1 for echocardiography alone.® In the second study, the
unadjusted risk ratio for combination of a positive echocardiography
and elevated pro-BNP value was 2.7, 95% Cl 0.9-8.6; that of com-
bination of both positive echocardiography and cardiac troponin was
1.7, 95% Cl 0.6—4.5 vs. 2.1, 95% Cl 0.6—7.2 for echocardiography
alone.™ Because of the small number of patients included, we
cannot draw any definitive conclusion concerning the incremental
value of cardiac biomarkers in patients with positive imaging.

Limitations

We encountered several methodological limitations, some of
which are inherent to any systematic review of prognosis studies,
whereas others were related to the fact that few studies were
specifically designed to answer our research question.

First, we cannot entirely exclude the possibility of a publication
bias. We attempted to minimize it by reviewing abstracts of major
scientific meetings. Tests for asymmetry of the funnel plots were
not significant but are not useful because of the small number of
studies. It is possible that our findings are partly affected by publi-
cation bias, and that the prognostic value of biomarkers and RV
dysfunction might be lower than reported in this review since
failure to publish studies with negative or null findings contributes
to publication bias. Secondly, we could only include a small number
of studies because most studies assessing prognostic factors for PE
included both stable and unstable patients and the results were
rarely reported separately for these two groups of patients.
Thirdly, we were faced with clinical and methodological diversity
in the studies in terms of study populations, prognostic variables,
confounding variables, and outcome definition. The study setting
was either emergency department or a specialty department.
Unclear reporting made it difficult to determine whether consecu-
tive patients had been recruited in several studies. Differences in
the definition of cardiogenic shock used in eligible studies may
have resulted in additional diversity in the study population as
reflected by the wide range of in-hospital mortality across studies.

The methods used for the measurement and interpretation of
prognosis factors differed considerably between studies. Different
techniques and thresholds were used in studies evaluating cardiac
biomarkers. In all studies, continuous data were handled by cat-
egorization; the choice of threshold was data-dependent in four
studies."™ """ We were not able to perform analysis using the
biomarkers on their original continuous scale nor using a
common threshold value for all studies. This is a limitation to
the study since categorizing continuous variables discards import-
ant quantitative information and makes the results difficult to
compare between studies. Moreover, different definitions were

also used for echocardiography and spiral CT in studies evaluating
RV dysfunction. Heterogeneous reporting of confounding factors
was also noted, and the possible effect of such factors was not ana-
lysed in all studies. Even when these factors were summarized for
the study population, no universally acknowledged method can be
used to take them into account when pooling results.

We chose to study mortality as the primary outcome summar-
izing studies. Unlike composite clinical outcomes, in-hospital mor-
tality is an objective unbiased outcome (i.e. low censored bias) and
pertinent for evaluations of the prognosis of PE. We chose to
include four studies reporting 40-day and 90-day mortality,"*82°
assuming that the death rate following PE peaks within 30 days.
This was confirmed by the consistency in death rates and individual
relative risks between each of these four studies and other studies
evaluating the same prognostic factor.

Surprisingly, whatever the prognosis factor considered, we
found no statistical heterogeneity. This may be because we were
unable to pool relative risks adjusted for confounding factors.
Further statistical exploration of heterogeneity was not possible
because of the small number of studies and the non-availability
of data for individual patients.

Conclusion

This systematic review suggests that elevated cardiac biomarkers
and RV dysfunction, demonstrated by echocardiography or spiral
CT, are associated with increased risk of mortality in patients
with non-massive PE. These findings should be interpreted with
caution because of the clinical and methodological diversity of
studies. Well-designed prospective studies, with pre-specified defi-
nitions of RV dysfunction assessed by echocardiography and spiral
CT as well as plasma-levels of cardiac biomarkers, are required to
tackle this research question specifically. Limitations of available
studies preclude the use of these markers for selecting the appro-
priate candidates to thrombolytic therapy among clinically stable
patients with PE.

Acknowledgements

We thank Sophie Guiquerro, medical librarian, for help in designing
the literature searches.

Conflict of interest: none declared.

References

1. Goldhaber SZ, Visani L, De Rosa M. Acute pulmonary embolism:
clinical outcomes in the International Cooperative Pulmonary
Embolism Registry (ICOPER). Lancet 1999;353:1386—1389.

2. Kasper W, Konstantinides S, Geibel A, Olschewski M, Heinrich F,
Grosser KD, Rauber K, Iversen S, Redecker M, Kienast |. Manage-
ment strategies and determinants of outcome in acute major pul-
monary embolism: results of a multicenter registry. | Am Coll
Cardiol 1997;30:1165-1171.

3. Guidelines on diagnosis and management of acute pulmonary
embolism. Task Force on Pulmonary Embolism, European
Society of Cardiology. Eur Heart | 2000;21:1301-1336.

4. Hamel E, Pacouret G, Vincentelli D, Forissier JF, Peycher P,
Pottier M, Charbonnier B. Thrombolysis or heparin therapy in
massive pulmonary embolism with right ventricular dilation:

20z Iudy 8| U0 }senb Aq £05079/69G L/Z/62/2101e/Leayna/woo"dno-oILapes.//:sdiy Wo.y papeojumod



Prognostic value of RV dysfunction

1577

9.

10.

1.

12

13.

14.

15.

16.

results from a 128-patient monocenter registry. Chest 2001;120:
120-125.

. Vieillard-Baron A, Page B, Augarde R, Prin S, Qanadli S, Beauchet A,

Dubourg O, Jardin F. Acute cor pulmonale in massive pulmonary
embolism: incidence, echocardiographic pattern, clinical implications
and recovery rate. Intensive Care Med 2001;27:1481—1486.

. McKibbon K, Eady A, Marks S. Evidence Based Principles and Practice.

Hamilton, Canada: BC Dekker; 1999.

. Wilczynski NL, Haynes RB. Developing optimal search strategies

for detecting clinically sound prognostic studies in MEDLINE: an
analytic survey. BMC Med 2004;2:23.

. Wilczynski NL, Haynes RB. Optimal search strategies for detecting

clinically sound prognostic studies in EMBASE: an analytic survey.
J Am Med Inform Assoc 2005;12:481—485.

Value of the ventilation/perfusion scan in acute pulmonary embo-
lism. Results of the prospective investigation of pulmonary embo-
lism diagnosis (PIOPED). The PIOPED Investigators. JAMA 1990;
263:2753-2759.

Altman DG. Systematic reviews of evaluations of prognostic vari-
ables. BMJ 2001;323:224-228.

Hayden JA, Cote P, Bombardier C. Evaluation of the quality of
prognosis studies in systematic reviews. Ann Intern Med 2006;
144:427-437.

Higgins JP, Thompson SG. Quantifying heterogeneity in a
meta-analysis. Stat Med 2002;21:1539—-1558.

Grifoni S, Olivotto |, Cecchini P, Pieralli F, Camaiti A, Santoro G,
Conti A, Agnelli G, Berni G. Short-term clinical outcome of
patients with acute pulmonary embolism, normal blood pressure,
and echocardiographic right ventricular dysfunction. Circulation
2000;101:2817-2822.

Kostrubiec M, Pruszczyk P, Bochowicz A, Pacho R, Szulc M,
Kaczynska A, Styczynski G, Kuch-Wocial A, Abramczyk P,
Bartoszewicz Z, Berent H, Kuczynska K. Biomarker-based risk
assessment model in acute pulmonary embolism. Eur Heart |
2005;26:2166—-2172.

Kucher N, Printzen G, Doernhoefer T, Windecker S, Meier B,
Hess OM. Low pro-brain natriuretic peptide levels predict
benign clinical outcome in acute pulmonary embolism. Circulation
2003;107:1576—-1578.

Pieralli F, Olivotto I, Vanni S, Conti A, Camaiti A, Targioni G,
Grifoni S, Berni G. Usefulness of bedside testing for brain

17.

18.

19.

20.

21.

22.

23.

24.

25.

natriuretic peptide to identify right ventricular dysfunction and
outcome in normotensive patients with acute pulmonary embo-
lism. Am | Cardiol 2006;97:1386—1390.

Ghuysen A, Ghaye B, Willems V, Lambermont B, Gerard P,
Dondelinger RF, D’Orio V. Computed tomographic pulmonary
angiography and prognostic significance in patients with acute pul-
monary embolism. Thorax 2005;60:956—-961.

van der Meer RW, Pattynama PM, van Strijen MJ, van den
Berg-Huijsmans AA, Hartmann |, Putter H, de Roos A,
Huisman MV. Right ventricular dysfunction and pulmonary
obstruction index at helical CT: prediction of clinical outcome
during 3-month follow-up in patients with acute pulmonary embo-
lism. Radiology 2005;235:798—-803.

Kucher N, Printzen G, Goldhaber SZ. Prognostic role of brain
natriuretic peptide in acute pulmonary embolism. Circulation
2003;107:2545-2547.

ten Wolde M, Tulevskill, Mulder JW, Sohne M, Boomsma F,
Mulder BJ, Buller HR. Brain natriuretic peptide as a predictor of
adverse outcome in patients with pulmonary embolism. Circulation
2003;107:2082-2084.

Tulevskill, Hirsch A, Sanson BJ, Romkes H, van der Wall EE, van
Veldhuisen DJ, Buller HR, Mulder BJ. Increased brain natriuretic
peptide as a marker for right ventricular dysfunction in acute pul-
monary embolism. Thromb Haemost 2001;86:1193—1196.
Tulevskill, ten Wolde M, van Veldhuisen DJ, Mulder JW, van der
Wall EE, Buller HR, Mulder BJ. Combined utility of brain natriuretic
peptide and cardiac troponin T may improve rapid triage and risk
stratification in normotensive patients with pulmonary embolism.
Int | Cardiol 2007;116:161—166.

Pruszczyk P, Kostrubiec M, Bochowicz A, Styczynski G, Szulc M,
Kurzyna M, Fijalkowska A, Kuch-Wocial A, Chlewicka |,
Torbicki A. N-terminal pro-brain natriuretic peptide in patients
with acute pulmonary embolism. Eur Respir | 2003;22:649—-653.
Buller HR, Agnelli G, Hull RD, Hyers TM, Prins MH, Raskob GE.
Antithrombotic therapy for venous thromboembolic disease: the
Seventh ACCP Conference on Antithrombotic and Thrombolytic
Therapy. Chest 2004;126:4015—428S.

Becattini C, Vedovati MC, Agnelli G. Prognostic value of troponins
in acute pulmonary embolism: a meta-analysis. Circulation 2007;
116:427-433.

20z Iudy 8| U0 }senb Aq £05079/69G L/Z/62/2101e/Leayna/woo"dno-oILapes.//:sdiy Wo.y papeojumod



