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ABSTRACT  The identification of normotensive patients with acute pulmonary embolism (PE) at high
risk of adverse PE-related clinical events (i.e. intermediate-risk group) is a major challenge.

We combined individual patient data from six studies involving 2874 normotensive patients with PE. We
developed a prognostic model for intermediate-risk PE based on the clinical presentation and the
assessment of right ventricular dysfunction and myocardial injury. We used a composite of PE-related
death, haemodynamic collapse or recurrent PE within 30 days of follow-up as the main outcome measure.

The primary outcome occurred in 198 (6.9%) patients. Predictors of complications included systolic
blood pressure 90-100 mmHg (adjusted odds ratio (aOR) 2.45, 95% CI 1.50-3.99), heart rate >110 beats
per min (aOR 1.87, 95% CI 1.31-2.69), elevated cardiac troponin (aOR 2.49, 95% CI 1.71-3.69) and right
ventricular dysfunction (aOR 2.28, 95% CI 1.58-3.29). We used these variables to construct a
multidimensional seven-point risk index; the odds ratio for complications per one-point increase in the
score was 1.55 (95% CI 1.43-1.68; p<<0.001). The model identified three stages (I, II and III) with 30-day
PE-related complication rates of 4.2%, 10.8% and 29.2%, respectively.

In conclusion, a simple grading system may assist clinicians in identifying intermediate-risk PE.
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Introduction

As patients with acute symptomatic pulmonary embolism (PE) who present with arterial hypotension or
shock have a high risk of death, treatment guidelines suggest consideration of thrombolysis for such patients
[1-3]. For haemodynamically stable patients with PE, the categorisation of risk for subgroups may assist
with decision making regarding therapy [4].

While most haemodynamically stable patients with PE have a good prognosis when adequately treated with
standard anticoagulation, some evidence suggests that a subset of normotensive patients with acute
symptomatic PE (i.e. intermediate-risk group) may have a reasonable risk/benefit ratio for thrombolytic
therapy. However, single markers of right ventricular (RV) dysfunction (e.g. echocardiography, spiral
computed tomography (CT) or brain natriuretic peptide testing (BNP)) and myocardial injury (e.g. cardiac
troponin T or I testing) have an insufficient positive predictive value for PE-specific complications to drive
decision making toward such therapy [5]. In the absence of explicit clinical prediction rules that identify
this subgroup of patients, the American College of Chest Physicians guidelines suggested that such patients
should be identified predominantly by clinical evidence of instability (e.g. a decrease in systolic blood
pressure (SBP) to a value >90 mmHg, tachycardia, elevated jugular venous pressure, clinical evidence of
poor tissue perfusion and hypoxaemia) [1]. Thus, fine tuning risk stratification for normotensive patients
with acute symptomatic PE necessitates further development of multimarker prognostic models [6].

By increasing the number of patients studied and by enabling adjustment for confounding variables, meta-
analysis of individual patients’ data from several studies has the potential to answer questions that
individual trials and meta-analyses of aggregate data from such cohorts cannot answer [7]. For this reason,
authors of six studies pooled individual patients’ data from their studies that evaluated the prognostic
usefulness of imaging and laboratory data in normotensive patients with acute symptomatic PE [5, 8-12].
This study aimed to develop a method to predict PE-related complications based on the clinical
presentation and the assessment of RV dysfunction and injury.

Methods

A core group of investigators (C. Bova and D. Jiménez) developed the process for obtaining patient level
data and conducting analyses, and all the co-authors approved them before the data collection phase.

Source study characteristics

The six included studies had the following characteristics: original publication; prospective cohort study of
patients with an objectively confirmed diagnosis of acute symptomatic PE; assessment of RV dysfunction
either by echocardiogram or CT; measurement of markers of myocardial injury; and analysis of PE-related
complications within the cohort of normotensive patients.

Source study quality assessment

We used a modified Newcastle—Ottawa scale to assess the quality of nonrandomised studies [13]. We
evaluated the studies on the basis of the selection and outcome criteria alone, as the availability of patient-
level data rendered selection criteria irrelevant. High-quality studies had a score of >4 points.

Development of individual patient database

We contacted the principal investigator of each eligible study to explain the meta-analysis objectives and
analysis plan. After all investigators agreed to share their databases and appropriate permissions were
obtained, the databases were transferred to a central location under the auspices of two reviewers. Data were
checked, explanations for coding and uncertain or missing data were clarified, and a single pooled database
was developed.

Patient population

The study population comprised normotensive patients (defined as a SBP >90 mmHg) with an objectively
confirmed diagnosis of acute symptomatic PE who initially received standard anticoagulation. The study
excluded patients who had treatment with thrombolytics at the time of PE diagnosis. For two included
studies that enrolled haemodynamically unstable patients [9, 10], those patients were excluded from our
analyses. All studies [5, 8-12] assessed RV dysfunction by echocardiography and investigators used these
data to develop the prediction rule. Echocardiographic criteria of RV dysfunction were similar across
studies (table 1). The PROTECT (Prognostic Value of CT Scan in Haemodynamically Stable Patients with
Acute Symptomatic PE) study also assessed RV dysfunction by CT and used a predefined cut-off point to
determine abnormal (RV dysfunction) versus normal (non-RV dysfunction) [12]. Although not available in
the original reports, data on CT-assessed RV dysfunction were also available in the databases of two studies
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[9, 10]. For those patients enrolled in the study without echocardiographic data from around the time of PE
diagnosis, data on CT-assessed RV dysfunction were considered for the pooled analysis.

Different biomarkers for myocardial injury and different cut-off points for abnormal levels were used among
the studies. For the troponin I studies [5, 8-10, 12], investigators used different manufacturers’ assays and
different cut-off points. In most of the studies, the cut points for troponin assays were defined according to
standard criteria, which were values exceeding the 99% percentile of healthy subjects with a coefficient of
variation of 10%. One study assessed the prognostic value of a high-sensitivity troponin assay [11].

Patient follow-up and outcomes

This study used a composite outcome of PE-related complications that consisted of death from PE,
haemodynamic collapse or adjudicated recurrent nonfatal PE through 30 days after the diagnosis of PE as
the primary endpoint. Though one study reported in-hospital outcomes [10], investigators were able to
provide complete 30-day follow-up for their patients. PE was considered the cause of death if there was
objective documentation or if the cause was unexplained and PE could not be confidently ruled out. The
study protocol defined haemodynamic collapse as SBP <90 mmHg for >15 min, need for catecholamine
administration because of persistent arterial hypotension or shock, need for thrombolysis, need for
endotracheal intubation or need for cardiopulmonary resuscitation. Recurrent PE was confirmed either by
the presence of a new intraluminal filling defect, by an extension of a previous filling defect on CT or by a
new perfusion scan defect involving >75% of a lung segment. In addition, the study selected in-hospital
PE-related complications and 30-day PE-related mortality as the secondary end-points.

Statistical analysis

In order to quantify unexplained study heterogeneity, we calculated the median odds ratio (MOR). To
account for the effects of clustering of patients within studies, we used a mixed-effect regression model.
Candidate variables that were associated with 30-day PE-related complications on univariate analysis
(p<0.20) were included as potential covariates in a multiple logistic regression model [14]. Variable
selection in multivariable modelling was based on clinical and statistical significance [15]. We assessed
performance of the model by the area under the receiver operating characteristic (ROC) curve [16], and
evaluated model calibration with the modified Hosmer—Lemeshow Chi-squared statistic, where values <20
indicate good calibration [14]. The model for 30-day complications was assessed for possible over-fit using
linear shrinkage estimators [17, 18].

A score-based prediction rule for the primary end-point at 30 days was developed from the logistic
regression model by using a regression coefficient-based scoring method [19, 20]. Integer scores were
assigned by dividing risk-factor coefficients by the lowest coefficient and rounding up to the nearest unit for
categorical variables [21]. The overall risk score was calculated by adding each component together. We
validated the 30-day end-point model internally using the bootstrap in the derivation dataset by sampling
with replacement for 200 iterations [22-24].

Statistical significance was defined as a two-tailed p-value of <0.05 for all analyses. Analyses were performed
using SPSS version 15.0 for Windows (SPSS, Inc., Chicago, IL, USA) while we used Stata version 12.1 for
Windows (StataCorp, College Station, TX, USA) for developing the mixed-effect regression model.

Results

Source study and patient characteristics

Table 1 shows the derivation of the source studies used in this meta-analysis. There were 2874 normotensive
patients in the cohort and approximately two thirds were females. Table 2 describes presenting features
(vital signs and initial laboratory values) and frequency of comorbid conditions of the cohort.

Of the 2693 patients with troponin measurements in the cohort, 988 (37%, 95% CI 35-39%) had
myocardial injury and 794 (50%, 95% CI 47-52%) out of 1590 had an elevated BNP level. Investigators
performed a transthoracic echocardiogram in 2188 (76%) patients. Of these, 716 (33%, 95% CI 31-35%)
were diagnosed with RV dysfunction. On CT evaluation, 787 (50%, 95% CI 48-53%) out of 1571 patients
had RV dysfunction (defined as RV/left ventricular ratio >1). Overall, 910 (36%, 95% CI 34-38%) out of
2504 patients had RV dysfunction assessed either by echocardiogram or CT.

Source study quality assessment and study heterogeneity

All included studies were of high quality according to the Newcastle-Ottawa scale (table 1) and an analysis
evaluating the effect of differences in study quality was not needed. The MOR was 1.62 and suggested that
the study heterogeneity was large.

DOI: 10.1183/09031936.00006114
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TABLE 2 Study patient characteristics

Derivation cohort

Subjects 2874
Clinical characteristics
Age years median (interquartile range) 72 (60-80)
Age >80 years 675 (23)
Males 1122 (39)
Risk factors for VTE
Cancer® 551 (19)
Recent surgery' 311 (11)
Previous VTE 424 (15)
Immobilisation* 475 (16)
Comorbid diseases
COPD 381 (13)
Chronic heart failure 212 (7.4)
Clinical symptoms and signs at presentation
Syncope 349 (12)
Chest pain 1170 (41)
Dyspnoea 2062 (72)
Heart rate >110 beats per min® 533 (18)
Sa0, <90%’ 625 (22)
SBP 90-100 mmHg*# 156 (5.4)
Simplified PESI
Low-risk 1029 (36)
High-risk 1845 (64)
Imaging and cardiac biomarkers
Echocardiographic RV dysfunction®!-* 716 (33)
CT-assessed RV dysfunction®*/ 787 (50)
RV dysfunction’"-###999 910 (36)
BNP >100 pg-mL™"* 794 (50)
Elevated cardiac troponin’®-¢ 988 (37)
Treatment
Insertion of an IVC filter 63 (2.2)

Data are presented as n (%) unless otherwise stated. VTE: venous thromboembolism; COPD: chronic
obstructive pulmonary disease; Sa0,: arterial oxyhaemoglobin saturation; SBP: systolic blood pressure; PESI:
Pulmonary Embolism Severity Index; RV: right ventricular; CT: computed tomography; BNP: brain natriuretic
peptide; IVC: inferior vena cava. *: active or under treatment in the previous year; ¥: in the previous month;
*: nonsurgical patients who had been immobilised (i.e. total bed rest with bathroom privileges) for >4 days in
the month prior to pulmonary embolism diagnosis; *: n=2743; /: n=2429; ##. n=2742; 1. see definitions, tests
and cut-offs for specific studies in table 1; **: n=2188; 55, defined as right ventricle/left ventricle ratio >1;
. n=1571; #*, echocardiogram or CT; "7 n=2504; **: n=1590; **%. n=2693.

Outcomes

The study had complete primary outcome information for all patients at the end of the 30-day follow-up.
The primary end-point occurred in 198 (6.9%, 95% CI 6.0-7.8%) of the 2874 normotensive patients with
acute symptomatic PE who entered the study. PE-related complications were due to PE-related death in 90
patients, haemodynamic collapse in 122 patients and nonfatal symptomatic recurrent PE in 18 patients
(table 3). Of the 176 (6.1%, 95% CI 5.2-7.0%) out of 2874 patients who died during the 30-day follow-up
period, each of the studies’ adjudication committees considered death as “definitely” or “possibly” due to
fatal PE in 90 out of 176 of these patients (51% of the total deaths, 95% CI 44-59%), and this corresponded
to a cumulative rate of definite or possible fatal PE of 3.1% (95% CI, 2.5-3.8%) at 30 days after PE
diagnosis. 178 (6.1%, 95% CI 5.3-7.1%) out of 874 patients experienced the primary end-point during
hospitalisation. In-hospital PE-related complications were due to PE-related death in 78 (2.7%, 95% CI
2.1-3.3%) out of 874 patients.

Predictors of 30-day PE-related complications

The study assessed predictors for 30-day PE-related complications in 2216 patients who had complete
baseline data required for this study. Results of univariate analysis for all potential predictors are shown in
table 4. Multivariable model for 30-day PE-related complications is shown in table 4. There was no
statistical evidence of over-fit as demonstrated by linear shrinkage estimation in the multivariable model
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TABLE 3 Pulmonary embolism (PE)-related complications in the cohort of normotensive
patients with acute symptomatic PE during 30 days of follow-up

Patients
Cohort n 2874
PE-related complications® 198 (6.9)
All-cause death 176 (6.1)
PE-related death 90 (3.1)
Haemodynamic collapse’ 122 (4.2)
Nonfatal recurrent PE 18 (0.6)

Data are presented as n (%) unless otherwise stated. #: PE-related mortality, haemodynamic collapse or
recurrent PE; patients may have more than one event fulfilling the definition of PE-related complications. ¥: at
least one of systolic blood pressure <90 mmHg for =15 min, need for catecholamine administration because
of persistent arterial hypotension or shock, need for endotracheal intubation, or need for cardiopulmonary
resuscitation.

(r=0.985). Model predictors of PE-related complications through 30-day after the diagnosis of PE included
SBP (adjusted odds ratio (aOR) 2.45, 95% CI 1.50-3.99), heart rate (aOR 1.87, 95% CI 1.31-2.69),
myocardial injury (aOR 2.49, 95% CI 1.71-3.61) and RV dysfunction (aOR 2.28, 95% CI 1.58-3.29).
Although syncope was a significant predictor of complications, it was correlated with SBP (Pearson r=0.15)
and was no longer significant when SBP was entered into the model (table 4). Notably, although age and
immobilisation were associated with the primary end-point in univariate analysis (table 4), there was no
significant effect after adjustment for other factors in the multivariable model (p>0.20).

Risk score

Patients with higher risk scores were at higher risk of PE-specific complications; the odds ratio for
complications per one-point increase in the score was 1.55 (95% CI 1.43-1.68, p<<0.001). Points were
assigned to variable categories to create a point-score model (range 0-7) for prediction of PE-related
complications, as shown in table 5. The total point scores were used to classify patients as stage I
(0-2 points), stage II (3—4 points) or stage III (>4 points). Cumulative incidence of 30-day PE-related
complications differed substantially among stages for the model (4.2%, 10.8%, and 29.2% for stages I, IT and
II1, respectively) (fig. 1 and table 6). Similarly, a graded increase in risk occurred when investigators assessed
in-hospital PE-related complications and 30-day PE-related mortality. The in-hospital complication rate

TABLE 4 Factors associated with 30-day pulmonary embolism-related complications in 2216 normotensive patients with acute
symptomatic pulmonary embolism

Risk factor Unadjusted OR (95% Cl) p-value Adjusted OR (95% Cl) p-value
Age per year 1.02 (1.01-1.03) 0.001

Male sex 1.11 (0.83-1.49) 0.48

Elevated cardiac troponin® 3.28 (2.40-4.48) <0.001 2.49 (1.71-3.61) <0.001
RV dysfunction’ 2.47 (1.81-3.38) <0.001 2.28 (1.58-3.29) <0.001
Dyspnoea 1.37 (0.94-2.0) 0.1

Chest pain 0.71 (0.52-0.96) 0.02

Syncope 1.76 (1.21-2.55) 0.003

Immobilisation® 1.58 (1.12-2.22) 0.01

Recent surgery 0.66 (0.39-1.12) 0.13

Heart rate >110 beats per min 2.85 (2.10-3.87) <0.001 1.87 (1.31-2.69) 0.001
Sa0, <90% 2.20 (1.62-3.0) <0.001

SBP 90-100 mmHg 4.55 (3.03-6.85) <0.001 2.45 (1.50-3.99) <0.001

Hosmer-Lemeshow goodness-of-fit test statistic was used for the complete case analysis: Chi-square (8 degrees of freedom) 2.34, p=0.80. RV:
right ventricular; Sa0,: arterial oxyhaemoglobin saturation; SBP: systolic blood pressure. #: see definitions, tests and cut-offs for specific studies in
table 1; ¥: Assessed by echocardiogram or computed tomography (if echocardiogram not available); *: immobilised patients are defined in this
analysis as nonsurgical patients who had been immobilised [(i.e. total bed rest with bathroom privileges) for >4 days in the month prior to
pulmonary embolism diagnosis.

6 DOI: 10.1183/09031936.00006114
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TABLE 5 Risk score

Predictor Points

SBP 90-100 mmHg

Elevated cardiac troponin

RVD (echocardiogram or CT scan)
Heart rate >110 beats per min

NN N

Points are assigned for each variable of the scoring system to obtain a total point score (range 0-7). SBP:
systolic blood pressure; RVD: right ventricular dysfunction; CT: computed tomography.

was 3.6% for stage I, 9.7% for stage II and 28.0% for stage III, while 30-day PE related mortality was 1.7%,
5.0% and 15.5% for stages I, IT and III, respectively (table 6).

Model internal validation

Analyses suggested that the final model had good predictive performance (table 7). In the derivation set
(n=2216), the area under the ROC curve was 0.73 (95% CI 0.68-0.77) for 30-day PE-related complications.
The final model was well calibrated (Hosmer—Lemeshow Chi-squared 2.34, p=0.80 for the lack of fit). The
bootstrap-corrected area under the ROC curve was 0.73 for the model. When the 30-day model was applied
to in-hospital complications in the derivation set, the area under the ROC curve was 0.74.

Discussion

We devised a simple grading system for identifying intermediate-risk patients with confirmed acute
symptomatic PE. We believe that this index is useful because it includes one domain that quantifies RV
dysfunction, one that captures myocardial injury and two independent domains (SBP and heart rate) that
express the clinical haemodynamic consequences of PE.

While clinical models (e.g. simplified Pulmonary Embolism Severity Index (sPESI)) [25] may accurately
identify low-risk patients with confirmed PE who might be candidates for partial or complete outpatient
treatment, intensive search continues for a group of normotensive patients deemed as having a high risk of
adverse PE-related clinical events (i.e. intermediate-risk group) that might benefit from an escalation of
therapy (e.g. transfer to the intensive care unit or thrombolysis). However, a validated explicit clinical
prediction rule that identifies this subgroup of patients is lacking. Observational studies have suggested an
incremental prognostic value of the association of markers of RV dysfunction and injury over either alone
[26] or the combination of echocardiography with clinical scores [27]. The present study validated and
extended this concept. Indeed, we found that the combination of myocardial injury, RV dysfunction,
tachycardia and mild hypotension predicted a seven-fold increase in the risk of an adverse 30-day PE-
related outcome. Because of the risk of bleeding from thrombolytic therapy, the risk for complications for
stage II patients (10.8%) may not warrant immediate aggressive treatment (less severe intermediate risk).
Thus, it seems cautious to suggest that clinicians should consider using all prognostic tests included in the
model (stage III) for identifying the more severe intermediate-risk patients with acute PE who might benefit
from recanalisation procedures. Of note, the predictive model only classified 5.8% of patients as stage III,
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TABLE 6 The staging system

Stage
| Il 1l

Points 0-2 3-4 >4

Patients % 75.5 18.6 5.8

30-day PE-related complications % 4.2 10.8 29.2

In-hospital PE-related complications % 3.6 9.7 28.0

30-day PE-related mortality % 1.7 5.0 15.5
The total point score from table 5 was used to classify patients as stage | (0-2 points), stage Il (3-4 points) or
stage Ill (>4 points). Model-predicted 30-day pulmonary embolism (PE]-related complications are shown
by stage.

suggesting that a very small proportion of normotensive patients with acute symptomatic PE might benefit
from specific advanced therapy.

The optimal management of intermediate-risk patients with acute PE is unclear. A previous clinical trial did
not demonstrate any significant mortality reduction in hemodynamically stable patients with acute PE and
RV dysfunction who received thrombolytic therapy [28]. The PEITHO (Pulmonary Embolism
Thrombolysis) trial determined the efficacy and safety of early thrombolytic treatment in normotensive
patients with RV dysfunction, as detected on an echocardiogram or CT scan, and evidence of myocardial
injury, as indicated by a positive troponin test [29]. The results of the trial showed that thrombolytic
therapy prevented haemodynamic decompensation but increased the risk of major haemorrhage and stroke.
Since the trial’s mortality rate was low, the study might have not included a “sick enough” population.
Thus, our findings have practical implications. First, different studies support the applicability of the sPESI
as a first step for stratifying normotensive patients with acute PE [25]. Our data suggest that clinicians should
further stratify patients initially deemed high risk (due to tachycardia or hypotension) by the sPESI by imaging
of the RV and cardiac biomarkers. Alternatively, normotensive patients with acute PE in association with RV
dysfunction and myocardial injury should undergo further risk stratification to identify subgroups at the
highest risk of clinical deterioration because they may benefit the most from the administration of
thrombolytic therapy. Prospective studies should further address the safety and efficacy of early recanalisation
procedures for intermediate-risk PE patients who are identified with the proposed criteria.

Strengths of our analysis that increase the precision and validity of its findings are that we included data
from a large number of participants, baseline variables were recorded at enrolment rather than
retrospectively, participants were followed prospectively and outcomes were accurately diagnosed by
adjudication committees in most studies. Moreover, regardless the different methods and the cut-offs used
to define myocardial injury and RV dysfunction, the prognostic performance of the model was similar
across studies (data not shown).

Study limitations

Some methodological limitations may affect the findings and interpretation of this study. First, our findings
are limited to the types of patients included in the studies that we used in this meta-analysis, and selection
bias could have skewed the study sample. However, the broad range of patients with acute symptomatic PE

TABLE 7 Model performance

Variable Study cohort
Predicted Observed
C-index (95% ClI) 0.73 (0.68-0.77)
30-day complicated course %
Stage | 4.1 4.2
Stage |l 1.5 10.8
Stage llI 28.2 29.2

DOI: 10.1183/09031936.00006114
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from multiple medical centres, countries and treatment settings decrease the likelihood of the inclusion of a
skewed population in this study. Moreover, we pre-specified the study selection criteria, to attempt to
minimise such bias. Second, although the variables for the clinical decision rule were collected prospectively,
this study was a retrospective analysis. In addition, the model did not address some other factors that affect
decision making, such as bleeding risk. Finally, although assessment of thrombotic burden assists with risk
stratification in patients with acute symptomatic PE [30], the study could not test the prognostic value of
variables (e.g. concomitant deep vein thrombosis) that were not consistently available across studies.

Conclusion

Significant predictors of PE-related complications in normotensive patients presenting to the hospital with
acute PE include cardiac dysfunction, myocardial injury, increased heart rate and reduced SBP. Besides its
excellent predictive power with regard to outcome, the proposed predicted score is simple to calculate and
requires no special equipment. This makes it a practical tool of potentially widespread applicability. The risk
index provides estimates of risk that may assist clinicians in counselling patients and families and may guide
clinical decision making.
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