Electrocardiogram Score Predicts Severity of Pulmonary Embolism in
Hemodynamically Stable Patients
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BACKGROUND: Risk stratification of patients with pulmonary embolism (PE) is essential to guide therapy. The presence of
right ventricle dysfunction (RVD) and the anatomic extent of PE have been suggested to predict clinical course. The aim of
this study was to assess the ability of an electrocardiogram (ECG) scoring system to predict RVD or the clot load score in
normotensive patients with PE.

METHODS: Consecutive patients presenting to the emergency room with PE and hemodynamic stability were prospectively
included. ECG, echocardiography and computed tomography pulmonary angiography (CTPA) were performed on all patients.
RESULTS: A total of 103 patients were studied. ECG score correlated significantly with the clot load score (r = 0.41, 95%
confidence interval [CI]: 0.22-0.57, P < 0.001), systolic pulmonary artery pressure (r= 0.31, 95% CI: 0.09-0.49, P = 0.006),
pulmonary artery diameter (r = 0.28, 95% CI: 0.07-0.47, P = 0.011) and right ventricle to left ventricle ratio, both measured
with echocardiography (r = 0.42, 95% CI: 0.22-0.57, P < 0.001) and with CTPA (r= 0.36, 95% CI: 0.13-0.56, P = 0.004). Area
under the receiver operating characteristic curve for detecting RVD was 0.82 (95% CI: 0.72-0.89). Interobserver agreement
regarding ECG score was substantial (kx = 0.80).

CONCLUSIONS: ECG score correlates with the severity of PE in hemodynamically stable patients. It is potentially useful for
risk-stratification strategies in this setting. Journal of Hospital Medicine 2011;6:285-289. © 2011 Society of Hospital Medicine
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The clinical outcome of patients with pulmonary embolism
(PE) has a wide spectrum, ranging from a benign course,
with early resolution of symptoms, to death. Prognostic
stratification of patients with PE is therefore essential to
guide therapy. Currently, this stratification is primarily based
on blood pressure on admission. Hemodynamic instability
or shock carries a bad prognosis, and is associated with a 3-
fold to 7-fold increase in mortality.! Thrombolytic therapy is
warranted in these cases.? There is a subset of patients that,
despite normal blood pressure on presentation, can subse-
quently suffer hemodynamic deterioration and death.?

Echocardiography has been proposed as a useful tool to
identify a subset of patients at a higher risk. It has been sug-
gested that the finding of right ventricle dysfunction (RVD)
in echocardiography predicts a worse prognosis, even in
patients with normal blood pressure on presentation.? Also,
computed tomography pulmonary angiography (CTPA) is
increasingly used as the main test to diagnose PE. This tech-
nique can also assess the degree of pulmonary arterial
obstruction and the presence of signs suggestive of RVD. It
has been suggested that CTPA findings can predict outcome
in PE.°
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Electrocardiography (ECG) has a widespread use and is
routinely carried out and interpreted in the emergency
room. Some ECG findings in patients with PE are suggestive
of right ventricular strain and might therefore be used to
prioritize cases that require closer monitoring.®

This study was designed with the objectives of assessing
the correlation of standard ECG findings with echocardiog-
raphy and CTPA signs of RVD, with the anatomic severity of
the pulmonary vascular obstruction, and with the degree of
hypoxemia, in hemodynamically stable patients with PE.
Secondary objectives were determining if ECG could accu-
rately predict RVD, and determining the interobserver agree-
ment for the ECG score.

Patients and Methods

Patients and Study Design

We recently carried out a prospective, descriptive, single-
center follow-up study to assess the prevalence of RVD and
pulmonary hypertension (PH) in PE patients who presented
with hemodynamic stability.” We herein analyze ECG find-
ings in these cases. The present, noninterventional study
was approved by our institution’s review board. The popula-
tion studied included consecutive patients presenting with
PE to our emergency room. Inclusion criteria were age >18
years and PE confirmed by CTPA. Exclusion criteria were
high-risk PE (presence of >2 consecutive systolic blood
pressure measurements <90 mm Hg, measured >15
minutes apart or requiring inotropic support); comorbidity
predictive of a 6-month mortality >50% (eg, metastatic can-
cer or end-stage respiratory or heart disease); creatinine
clearance <35 mL/minute; or allergy to ionidated contrast
media. All the patients gave informed consent to participate
in the study.

Protocol

Initial assessment included clinical history, physical exami-
nation, ECG, arterial blood gas analysis, echocardiography,
CTPA, and lower-limb venous ultrasonography. All included
individuals were treated with anticoagulation, and fibrino-
lytic therapy was not used.

ECG

A standard 12-lead ECG was promptly obtained for all
patients in the emergency room. We used the scoring sys-
tem described by Daniel et al.® (Table 1). This score is based
on 4 signs that were previously found to be associated with
high-risk PE: tachycardia, incomplete or complete right
bundle branch block, T wave inversion, and S1Q3T3 pattern.
Two investigators trained in the interpretation of ECG
results scored the ECG independently, and were blinded to
patient clinical status and to echocardiography and CTPA
findings.
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TABLE 1. ECG Scoring Method Used in the Study

Characteristics Score

Tachycardia (>100 beats/min)
Incomplete right bundle-branch block
Complete right bundle-branch block
T-wave inversion in lead V, through V,
T wave inversion in lead V;*
<1 mm 0
1-2 mm 1
>2 mm 2
T wave inversion in lead V,*
<1 mm 1
1-2 mm 2
>2 mm 3
T wave inversion in lead V*
<1 mm
1-2 mm
>2 mm
S wave in lead 1
Q wave in lead 3
Inverted T wave in lead 3
If all S1Q3T3, add
Total score (maximum: 21)

=W D DD

DD — = S W DD —

*If present check maximum only.

Echocardiography

The study was done as soon as possible after admission
using a SONOS 5500 (Hewlett Packard, Palo Alto, CA) ultra-
sound imaging system with a S4 transducer. In all cases M-
mode, 2-dimensional, Doppler (continuous and pulsed
wave), and color Doppler was performed with the patient in
the left lateral position. The structure of the mitral, aortic,
tricuspid, and pulmonary valves (different grades of regurgi-
tation and stenosis were assessed), and the systolic and dia-
stolic function of the left ventricle (LV) were systematically
assessed.

We assessed if patients had either RVD or isolated PH.
Individuals with at least 1 of the following findings were
diagnosed as having RVD: right ventricle (RV) hypokinesis
(asymmetrical or delayed contraction, usually in the RV
base), paradoxical septal systolic motion or right ventricular
dilatation (end-diastolic diameter > 30 mm or right to left
ventricular end-diastolic diameter ratio > 1 in the apical 4-
chamber view); PH was defined as pulmonary arterial sys-
tolic pressure (PASP) > 40 mm Hg.® PASP was derived from
the right atrioventricular pressure gradient, using peak ve-
locity of tricuspid flow regurgitation with continuous wave
Doppler in the apical 4-chamber view and the modified Ber-
noulli equation.'® Right atrial pressure was considered equal
to 5 mm Hg or 10 mm Hg, according to whether the inferior
vena cava collapsed during inspiration, respectively.'!

Computed Tomographic Pulmonary Angiography
All CTPAs were performed within 6 hours of patient arrival
to the emergency room. Nonionic contrast (100 mL) was



TABLE 2. Correlation Between ECG Score and
Echocardiography/CTPA Parameters

Variable R (95% CI) P
Vascular obstruction index 0.41 (0.22-0.57) <0.001
PASP 0.31 (0.09-0.49) 0.006
pO,(A-a) 0.29 (0.08-0.47) 0.007
PA diameter 0.28 (0.07-0.47) 0.011
RV/LV ratio (echocardiography) 0.42 (0.22-0.57) <0.001
RV/LV ratio (CTPA) 0.36 (0.13-0.56) 0.004

PASP: pulmonary artery systolic pressure; pO, (A-a): alveolar-arterial gradient of oxygen. PA: pulmonary
artery. RV/LV: right ventricle to left ventricle. CTPA: computed tomography pulmonary angiography.

administered intravenously at an injection rate of 2.5 mL/
second for 40 seconds. Images were obtained on the same
single-detector scanner (Somatron PQ 2000S; Picker Interna-
tional, Cleveland, OH). If possible, scanning was performed
during a 32-second breath hold. If patients were dyspneic,
spiral CT angiography was performed during shallow breath-
ing. The scans were obtained using 125 mA and 130 kV. A 5
mm/second table feed was used to scan a 16-cm volume in
the craniocaudal direction (pitch of 1.5). An imaging delay
of 20 seconds was used, and overlapping images were
reconstructed every 1.5 mm and viewed on films at lung
and mediastinal settings.

PE was diagnosed by the on-duty radiologist if an intralu-
minal filling defect was seen. For the purpose of the study,
the images were reviewed by a senior radiologist. The pul-
monary obstruction index was determined according to
Qanadli et al.'> The RV to LV diameter ratio was obtained by
computing the ratio between the widths of the right and the
left ventricular cavities assessed on axial images obtained at
the plane of maximal distance between the ventricular en-
docardial free wall and the interventricular septum, perpen-
dicular to the long axis. A RV/LV ratio > 1 was accepted as
suggestive of RV dysfunction. The diameter of the main pul-
monary artery (PA) was measured just before the division
into its 2 main branches.

Definition of Clinical Endpoints

Primary outcome measures were the prevalence of echocar-
diography-assessed RVD or PH at diagnosis, the prevalence
of CTPA signs of RVD, the CTPA-measured severity of the
pulmonary vascular obstruction, and the degree of
hypoxemia.

Statistical Analysis

Normal distribution of data was assessed using the D’agos-
tino-Pearson test. Data are shown as mean *+ standard devi-
ation (for normally distributed data) or median (interquar-
tile range) (for non-normally distributed data). Comparisons
between different groups were made using unpaired ¢ test
or Wilcoxon rank-sum test, as appropriate. Correlation
between the ECG score and the different variables measured

TABLE 3. ECG Scores for Groups of Patients with Varying
Severity of PE According to Different Criteria

Criteria ECG score P
RVD (echocardiography) present 10 [6-15] <0.0001
RVD (echocardiography) absent 2 [0-4]

PH (echocardiography) present 6 [1.75-12.00] 0.029
PH (echocardiography) absent 2 [0-4]

RVD (CTPA) present 6 [3-11] 0.0015
RVD (CTPA) absent 2 [1-3]

Vascular obstruction score >50% 7 [2-11] 0.0005
Vascular obstruction score <50% 2 [0-3]

Pa0, < 60 mmHg 4 [1.25-2.75] 0.015
Pa0, > 60 mmHg 2 [1-4]

Bilateral PE 5 [1-11] 0.028
Unilateral PE 2 [0.75-4.00]

Central PE 4 [2-10] 0.0011
Peripheral PE 2 [0-3]

RVD: right ventricle dysfunction; PH: pulmonary hypertension; CTPA: computed tomography pulmo-
nary angiography; Pa0,: arterial oxygen tension; PE: pulmonary embolism. Results are expressed as
median [IQR].

was assessed using Spearman’s rank correlation coefficient.
Receiver operating characteristic (ROC) curves were con-
structed to assess the value of ECG score to predict echocar-
diography or CTPA-detected RVD. Kappa measurement was
performed to examine the interobserver agreement for the
ECG score. A 2-tailed value of P < 0.05 was considered
significant.

Results

A total of 103 patients were included in the study (mean age
= 69 * 15 years). One patient died from fatal PE soon after
the diagnosis, before echocardiography could be performed.
During the 6-month follow-up, one patient died from septic
shock and another suffered a thromboembolic recurrence
(deep vein thrombosis). Echocardiography-assessed RVD
was found in 25 cases (24.5%) and isolated pulmonary
hypertension in 20 (19.6%). Median value of the vascular
obstruction index was 43.8% (25-65). Thirty-three patients
(32%) had signs of RVD in CTPA.

Median value of ECG score was 2.5 (1-6). The level of
interobserver agreement regarding ECG score was substan-
tial (x = 0.80). Table 2 shows correlation between ECG score
and echocardiography, arterial blood gases, and CTPA pa-
rameters. ECG correlated significantly with all the variables
measured. Correlation was higher for the vascular obstruc-
tion index and the RV/LV ratio, measured with echocardiog-
raphy. ECG scores were significantly different for groups
with varying degrees of severity of PE. Table 3 shows the
ECG scores for patients grouped according to different crite-
ria of severity of the disease.

Figure 1 shows the ROC curve for the ECG score and the
presence of echocardiography-detected RVD. Area under the
ROC curve was 0.82 (95% confidence interval [CI]: 0.72-
0.89). A cut-off point of 6 for the ECG score showed the
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FIGURE 1. ROC curve for the ECG score and the presence
of echocardiography-detected RVD.

highest accuracy for detecting RVD; sensitivity = 76.5%
(95% CI: 50.1-93.0), specificity = 88.6% (95% CI: 78.7-94.9),
positive likelihood ratio (+LR) = 6.69, negative likelihood ra-
tio (-LR) = 0.37. If the ECG score was to be used as a
screening method to exclude RVD, a cut-off point of 0
showed sensitivity = 94.1% (95% CI: 71.2-99.0), specificity =
27.1% (95% CI: 17.2-39.1), +LR = 1.29, —LR = 0.22. If the
ECG score was considered for confirming RVD, the more
useful value was 9; sensitivity = 58.8% (95% CI: 33.0-81.5),
specificity = 92.0% (95% CI: 84.1-97.6), +LR = 8.23, —LR =
0.44. Area under the ROC curve to predict CTPA-detected
RVD was slightly lower than for echocardiography: 0.74
(95% CI: 0.61-0.84).

Discussion

This study shows that a simple, easy-to-use ECG scoring
system correlates well with the severity of PE, assessed by
different methods, in hemodynamically stable patients.
Interobserver agreement regarding the scoring system was
substantial. Several previous studies have found that ECG
signs of RV strain correlate with the presence of RVD.5!3716
However, some of these studies are limited by a retrospec-
tive design that could lead to selection bias or by the inclu-
sion of relatively few (eg, <100) cases.®'>'* Moreover, only a
few of these articles have specifically examined patients
with normal blood pressure.®'®> Although our study is still
small, one of its strengths is that it prospectively recruited a
population of consecutive, normotensive patients and both
echocardiography and CTPA were systematically performed.
Classifying cases with normal blood pressure by severity is
particularly relevant, because of the uncertainty about best
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treatment when hemodynamic instability is not present.
These patients who are not at high risk for PE can be further
stratified according to the presence of RVD and/or myocar-
dial injury into intermediate-risk and low-risk PE."” Early
hospital discharge or initial outpatient treatment might be
considered in low-risk patients.'”'® However, echocardiogra-
phy can be difficult to perform in the emergency setting.
Also, the presence of RVD is not easy to predict on clinical
grounds. Our study suggests that a standard 12-lead ECG
can be useful to prioritize patients for more exhaustive
monitoring or additional risk stratifying tests. An ECG score
of 0 would exclude RVD with enough sensitivity to avoid
getting an echocardiogram in these cases. On the other
hand, a score > 9 would suggest the possibility that RVD
was present, and an echocardiography ought to be consid-
ered in these patients.

Previous studies regarding correlation between ECG and
anatomic extension of the pulmonary vascular obstruction
in PE have revealed conflicting data. Iles et al. found that
ECG score identified those patients with the greatest per-
centage of perfusion defect on ventilation/perfusion scan.'?
However, Kanbay et al. did not find significant differences in
ECG scores for patients with pulmonary vascular obstruc-
tion scores <50% or >50%, also assessed with ventilation/
perfusion scan.’® Subramaniam et al. used CTPA to assess
clot burden score, and they did not see a significant associa-
tion between ECG score and the anatomic severity of PE.?!
This study found a significant association between higher
ECG score and a more severe vascular obstruction index.
This finding might have potential clinical implications,
because some reports suggest that a higher CTPA-measured
clot load score can be associated with poorer outcome in
PE.??2 However, the utility of CTPA scores of vascular obstruc-
tion severity as a marker of clinical evolution is controversial,
and several other authors have found that these scores are
poor predictors of mortality or adverse outcome events.*>**
Therefore, the positive correlation between ECG and the vas-
cular obstruction index in our study is interesting mainly in
the sense that it independently supports the validity of the
ECG score as a marker of a potentially more severe PE.

In this study, we have not systematically excluded patients
with comorbidities (eg, chronic obstructive pulmonary dis-
ease) that could account for RVD or PH. Our intention was to
reflect a real-life clinical scenario. When a patient attends the
emergency room with PE, clinical decisions must usually be
taken without complete information on comorbidities that
may contribute to the existence of RV overload. Also, these
subjects have a reduced cardiorespiratory reserve, and the PE
might impose an unbearable strain to the RV, so risk stratifi-
cation is especially important. Therefore, we felt that the
study should include all patients presenting with PE, so that
the results can be extrapolated to usual clinical practice.

Our results suggest that, by selecting the appropriate cut-
off value, the ECG score can be used with adequate sensitiv-
ity and specificity to exclude and confirm, respectively, RVD
in hemodynamically stable PE patients. This finding implies



that ECG may be useful to design management strategies in
these cases, selecting patients that may benefit from further
tests.

There are some limitations for the present study. Echo-
cardiography was not immediately performed after the ECG.
Thus, we might have missed some patients who presented
with transient RVD, which resolved between tests. It is likely
that the correlation between ECG and echocardiography
would have improved if this delay had been avoided. Also,
we did not use a multidetector scanner for performing
CTPAs. Consequently, small emboli might have been missed
and the clot score might have been underestimated. It is
plausible that this may have reduced to some extent the
correlation between ECG and CTPA. Also, this a single-cen-
ter study, with relatively few patients studied. Finally, due to
the low incidence of adverse events in our patients, our
study is underpowered to make conclusions about the inde-
pendent prognostic value of ECG for predicting adverse
events.

In conclusion, an easy-to-use ECG score correlates signif-
icantly with the severity of PE, as assessed with echocardi-
ography, CTPA, and arterial blood gas analysis, in normoten-
sive patients. It can be used to predict with acceptable
sensitivity and specificity the presence of RVD in these cases
and, accordingly, it has potential value in risk-stratification
strategies. Larger, multicenter studies, should confirm these
results before they can be applied to clinical practice.
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