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Aims Determining which patients with pericardial effusion require urgent intervention can be challenging. We sought to
develop a novel, simple risk prediction score for patients with pericardial effusion.
Methods Adult patients admitted through the emergency department (ED) with pericardial effusion were retrospectively

and results evaluated. The overall cohort was divided into a derivation and validation cohort for the generation and validation
of a novel risk score using logistic regression. The primary outcome was a pericardial drainage procedure or death
attributed to cardiac tamponade within 24 h of ED arrival. Among 195 eligible patients, 102 (52%) experienced the
primary outcome. Four variables were selected for the novel score: systolic blood pressure <100 mmHg (1.5
points), effusion diameter [1-2cm (0 points), 2-3 cm (1.5 points), >3 cm (2 points)], right ventricular diastolic col-
lapse (2 points), and mitral inflow velocity variation >25% (1 point). The need for pericardial drainage within 24 h
was stratified as low (<2 points), intermediate (2—4 points), or high (>4 points), which corresponded to risks of
8.1% [95% confidence interval (Cl) 3.0-16.8%], 63.8% [95% Cl 50.1-76.0%], and 93.7% [95% Cl 84.5-98.2%]. The

area under the curve of the simplified score was 0.94 for the derivation and 0.91 for the validation cohort.

Conclusion Among ED patients with pericardial effusion, a four-variable prediction score consisting of systolic blood pressure,
effusion diameter, right ventricular collapse, and mitral inflow velocity variation can accurately predict the need for
urgent pericardial drainage. Prospective validation of this novel score is warranted.
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|ntr0ducti0n tamponade.” Patients with impending tamponade require urgent

drainage of the pericardial fluid in order to prevent clinical decom-

Pericardial effusions can vary widely with respect to their clinical im-
portance.! Small or chronic effusions can often be expectantly moni-
tored or medically treated while larger and rapidly accumulating
effusions may result in potentially life-threatening cardiac

pensation and cardiac arrest.?

Although pericardial effusions are often diagnosed in the emer-
gency department (ED), identifying patients who are at risk for devel-
oping cardiac tamponade and who require urgent drainage remains
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challenging® Traditionally, cardiac tamponade has been considered a
clinical diagnosis, and multiple clinical variables as well as echocardio-
graphic findings have been proposed as markers of tamponade physi-
ology.1'2'4’9 However, the decision regarding whether a patient
requires urgent pericardial drainage largely remains a subjective as-
sessment, which may differ from physician to physician. A previously

proposed scoring system by Halpern et al.'®""

incorporated a com-
bination of echocardiographic measurements including right atrial
collapse, right ventricular collapse, respiratory flow variation across
the mitral valve and size of effusion as well as clinical variables includ-
ing malignant aetiology, immunocompromise aetiology, effusion due
to an unidentified cause, effusion failing medical treatment and recur-
rent effusion in order to identify patients who require pericardial
drainage. However, this prediction score was not statistically gener-
ated and has not been independently validated."®

The objectives of this study were to create a novel, simplified score
for predicting which patients with a pericardial effusion require ur-
gent pericardial drainage, as well as to validate a previously proposed

scoring system.10

Methods

Study design and selection of participants

This was a retrospective cohort study of adult patients who were admit-
ted through the ED of an academic, tertiary centre from January 2015 to
March 2018 and were given an ED or discharge ICD-9 or ICD-10 diagno-
sis related to pericardial effusion. Patients were eligible if they underwent
a transthoracic echocardiogram performed by the cardiology department
within 24h of ED arrival that demonstrated a pericardial effusion of
>1cmin diastole.

Exclusion criteria were: traumatic effusion, effusion attributed to aortic
dissection, septic effusion, patients who underwent pericardial drainage
prior to cardiology echocardiogram, and death within 24 h of ED arrival
not attributed to cardiac tamponade. This study was approved by the
Partners Healthcare Institutional Review Board and informed consent
was not required due to the retrospective and observational study
design.

Measurements

Subjects’ electronic medical records were reviewed by trained physician
investigators blinded to echocardiographic and outcomes data to collect
possible covariates for the need for urgent pericardial drainage from clin-
ical data as documented in the ED note and if missing, in the inpatient ad-
mission note. These included history, exam, laboratory, and diagnostic
variables that have previously been associated with cardiac tamponade,
including but not limited to those proposed by Halpern et al."**'° To
determine the aetiology of the pericardial effusion, the electronic medical
records were reviewed by physician investigators blinded to the echocar-
diogram and clinical outcomes. Data were abstracted onto a standardized
data collection form on a secure online database.

Electrocardiograms (EKGs) were reviewed by a board-certified emer-
gency physician blinded to clinical outcomes in order to assess for the
presence of low voltage (defined as QRS amplitudes of <5mm in the
limb leads and/or <10 mm in the precordial leads), atrial arrhythmia, elec-
trical alternans (defined as alternating QRS amplitudes in one or more
leads), ST-segment elevation >0.1 mV in three or more consecutive leads
or PR segment depression >0.1mV in three or more consecutive leads.

The presence of cardiomegaly on chest X-ray was determined based on
radiology attending interpretation.

Echocardiographic measurements
Transthoracic echocardiography was performed according to a standar-
dized protocol using ultrasound equipment by three different manufac-
turers (General Electric, Milwaukee, WI, USA,; Philips, Bothell, WA, USA;
Siemens, Erlangen, Germany) using 2-5 MHz phased array transducers.
The images were digitally stored and independently reviewed using echo-
cardiographic software (Syngo Dynamics, Siemens, Malvern, PA, USA) by
an ultrasound fellowship trained emergency physician (Y.D.) blinded to
clinical outcomes following additional training by two senior physicians
with expertise in echocardiography (E.P. and JW.). Each subject’s
echocardiographic images were assessed for the presence of sonographic
findings that have been associated with cardiac tamponade in the litera-
ture.>"°Quantification of the diameter of pericardial effusion, right atrial and
ventricular collapse, mitral and tricuspid inflow velocity variation was per-
formed according to American Society of Echocardiography guidelines.’
Diameter of pericardial effusion was measured perpendicular to the
pericardium at the widest point from the pericardium to the epicardium
in diastole in the parasternal long, parasternal short, apical four-chamber,
or subxiphoid views. Right atrial collapse was defined as inversion or in-
dentation of the right atrium free wall for over 30% of the cardiac cycle in
any of the above four views. Right ventricular collapse was defined as in-
version or indentation of the right ventricular free wall during diastole in
any of the above four views. Mitral valve inflow velocity variation was
measured by calculating the percentage change between the maximum
mitral valve E-wave velocity in expiration and the minimum E-wave vel-
ocity in inspiration as assessed with pulse wave Doppler in the apical
four-chamber view; with variation >25% considered positive. Tricuspid
valve inflow velocity variation was measured by calculating the percent-
age change between the maximum tricuspid E-wave velocity in inspiration
and the minimum E-wave velocity in expiration as assessed with pulse
wave Doppler in the apical four-chamber view; with variation >40% con-
sidered positive. inferior vena cava (IVC) diameter variation was assessed
by calculating the percentage difference between the maximum and min-
imum IVC diameter measured just distal to the hepatic vein with variation
<50% considered positive.'

Outcomes

The primary outcome was a pericardial drainage procedure or death
attributed to cardiac tamponade (by review of the discharge summary)
within 24 h of ED arrival. Pericardial drainage procedures included bed-
side pericardiocentesis, catheterization laboratory pericardiocentesis
with or without insertion of a pericardial drain and surgical pericardial
drainage. One of three physician investigators blinded to the clinical varia-
bles and echocardiographic image analyses reviewed each patient’s elec-
tronic medical record to assess for the primary outcome.

Secondary outcome analyses included all-cause death during inpatient
hospitalization, need for intensive care unit (ICU) admission, and the
need for vasopressors for blood pressure support during the hospital
course.

Primary data analysis

Sample size justification

In order to achieve adequate discrimination for a logistic regression
model, we sought to have 10 or more outcome events per independent
predictor variable."® We anticipated that approximately half of the sub-
jects would experience the primary outcome. With a cohort of 200
patients, we would be able to perform multivariable logistic regression on
a derivation and validation dataset of 100 patients each for the creation of
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a score with up to 5 predictor variables. As the Halpern et al. score
included 10 independent variables, a sample size of 200 patients would
also be sufficient to validate this scoring system.

Statistical analyses

In order to create a scoring system for the risk of requiring urgent peri-
cardial drainage, a univariate screen was first performed between the clin-
ical and echocardiographic variables and the primary outcome of
pericardial drainage or death from tamponade within 24 h. Variables with
a priori clinical value or found to be significant predictors were consid-
ered for selection in a multivariate logistic regression analysis. Significance
was determined at the 0.1 significance level with a % test of proportion,
t-test, or the Wilcoxon Rank-Sum test, as appropriate. Variables
expected to be collinear with more significant predictors were excluded
from regression modelling. Missing data for predictor variables consid-
ered for inclusion in the multivariable logistic regression was addressed
by applying multiple imputation using the Markov Chain Monte Carlo
method with ten imputed datasets.™

The dataset was randomized into a derivation and a validation cohort
of similar sizes by applying an equal probability selection method.
Multivariable logistic regression with stepwise selection was applied on
the derivation dataset to select the variables to be included in the simpli-
fied prediction score. The regression coefficient (f5) for each selected
variable was used to assign a point value to that predictor for the creation
of risk groups as described by Han et al."® The diagnostic accuracy of the
novel prediction model for the derivation and validation datasets was
assessed using area under the receiver-operating curve (AUC) (c-statis-
tic), while the calibration of the model was assessed using the Hosmer—
Lemeshow goodness-of-fit test.'®

Multivariable logistic regression with AUC analysis was used to assess
the accuracy of the scoring system proposed by Halpern et al.® In their
original paper, the primary outcome was a pericardial drainage proced-
ure. We narrowed the outcome definition to drainage within 24h in
order to assess the ability of the score to predict clinically important peri-
cardial effusions requiring urgent drainage.

Data analysis for this article was performed using SAS software,
Version 9.4 of the SAS System © 2013, SAS Institute Inc., Cary, NC, USA.
Findings are reported according to guidelines of the Transparent
Reporting of a Multivariable Prediction Model for Individual Prognosis or
Diagnosis (TRIPOD) Statement from the Enhancing the Quality and
Transparency of Health Research (EQUATOR) Network."”

Results

Characteristics of study subjects

A total of 487 patients were identified by search criteria for ED or in-
patient diagnoses associated with pericardial effusion (Figure 7).
Among the eligible 195 patients [mean age 60, 51% men, 81%
White], 102 (52%) underwent urgent pericardial drainage within
24 h. No patients died within 24 h of ED arrival. The associations be-
tween potential predictor variables and the primary outcome are dis-
playedin Table 1.

Novel pericardial effusion score

The incidence of the primary outcome was 57% in the derivation co-
hort and 48% in the validation cohort. Variables selected for inclusion
in the multivariate analysis due to significant independent association
with the primary outcome or a priori clinical significance were age,
race, systolic blood pressure < 100, heart rate > 100, muffled heart

sounds, elevated jugular venous pressure (JVP), history of malignancy,
low-voltage EKG, platelets < 100, diameter of effusion (1-2 cm, 2-3
cm, >3 cm), right atrial collapse, right ventricular collapse, mitral valve
inflow velocity variation > 25%, IVC respiratory variation < 50%, peri-
carditis aetiology of effusion, and malignancy aetiology of effusion
(Table 1). Diastolic blood pressure was not included because it was
collinear with systolic blood pressure. Pulsus paradoxus and tricuspid
valve inflow velocity variation > 40% had P-values of <0.05 in the uni-
variate analysis but were not included because of the high rate of
missing data, and because these variables were expected to be collin-
ear with mitral valve inflow velocity variation > 25%.

After including the above variables in a logistic regression analysis
with stepwise selection in the derivation dataset, four predictors
were selected for inclusion in the final scoring system: systolic blood
pressure <100 mmHg, effusion diameter (1-2cm, 2-3cm, or
>3 cm), right ventricular diastolic collapse, and mitral valve inflow
variation >25%. The point values assigned to each predictor variable
are outlined in Table 2. The derivation dataset had a c-statistic of 0.94
and the validation dataset had a c-statistic of 0.91 in determining the
risk of the primary outcome (Figure 2). The Hosmer—Lemeshow
goodness-of-fit test resulted in scores of 8.6 (P=0.20) and 2.4
(P=0.78) in the derivation and validation datasets, respectively, with
non-significant P-values indicating good model calibration.

The risk of requiring pericardial drainage within 24 h was stratified
as low (<2 points), intermediate (2—4 points), and high (>4 points),
which corresponded to risks of 8.1% [95% confidence interval (Cl)
3.0-16.8%], 63.8% [95% Cl 50.1-76.0%], and 93.7% [95% CI 84.5—
98.2%] in the combined cohort. The risk of requiring urgent pericar-
dial drainage across the three risk groups was similar in the derivation
and validation cohorts (Figure 3).

With the aim of increasing accessibility for point-of-care (POC)
ultrasound practitioners, we also assessed the performance of the
scoring system without the inclusion of the mitral valve inflow vel-
ocity variable. This prediction model consisting of only systolic
blood pressure <100 mmHg, effusion diameter (1-2cm, 2-3 cm,
or >3 c¢m) and right ventricular diastolic collapse had good model
fit with a c-statistic of 0.91 in the derivation and 0.89 in the valid-
ation datasets.

Secondary analyses

All-cause death during hospital admission occurred in seven patients
(3.6%). The in-hospital mortality rate was similar between patients
who underwent drainage within 24 h and those who did not (3.9% vs.
3.2%, P=0.79). There were no in-hospital deaths attributed to car-
diac tamponade. Admission to an ICU was more common among
those who required urgent pericardial drainage (33.3%) compared to
those who did not (11.8%, P<0.001). Similarly, patients who
required urgent pericardial drainage were more likely to be treated
with intravenous vasopressors (14.7%) compared to those who did
not (2.15%, P=0.002).

Validation of prior 10-point pericardial
effusion score

By applying logistic regression using the variables identified in the
Halpern scoring index to our full dataset of 195 subjects, their scoring
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ICD-9 or 10

n=487

Adults with pericardial effusion based on

(January 2015 — March 2018)

No cardiology echocardiogram
within 24 hours (n=187)

L]

Pericardial drainage within 24 hours

arrival
n=286

Echocardiogram within 24 hours of ED

performed prior to cardiology
echocardiogram (n=14)

No pericardial effusion 1cm

diameter or greater (n=81)

Pericardial effusion = 1cm
n=205

Duplicate records (n=8)

Traumatic effusion (n=1)

Septic effusion (n=1)

0 Patients died within

n=195

Patients included in analysis

/

Pericardial drainage
within 24 hours
n=102

Figure | Patient selection.

index predicted the need for urgent pericardial drainage with an
AUC of 0.91.

Discussion

This retrospective, observational cohort study in patients admitted
through the ED with moderate or larger pericardial effusions at risk
for cardiac tamponade found that a simplified prediction score with
only four variables achieved the same accuracy in predicting the need
for urgent pericardial drainage as a more complex scoring system
that was previously proposed.

Prior investigations have sought to identify individual predictors
that are associated with cardiac tamponade. In a systematic review of
300 patients with pericardial effusion, the variables with the highest
sensitivities for tamponade included dyspnoea (sensitivity 88%),
tachycardia (sensitivity 77%), elevated JVP (sensitivity 76%), and pul-
sus paradoxus (sensitivity 82%)." Other studies have aimed to deter-
mine which echocardiographic findings are most commonly
associated with cardiac tamponade. Mercé et al. proposed that the
most important echocardiographic findings predicting tamponade
were right atrial collapse (sensitivity 90%, specificity 66%) and right
ventricular collapse (sensitivity 68%, specificity 90%), while others
found that increased respiratory variation in flow across the mitral or
tricuspid valves indicated impending tamponade.>™”

To the best of our knowledge, this is the first study to use statistical

modelling techniques to generate and internally validate a

24 hours

\

No pericardial drainage
within 24 hours
n=93

multivariable prediction score for clinically significant pericardial effu-
sion. Two previously proposed scoring systems with 10 and 21 varia-
bles, respectively were both created by choosing variables solely on a
priori clinical significance, as opposed to statistical modelling techni-
ques.’®" In their original paper, Halpern et al. reported an AUC of
0.91; however, this was based on a small sample of patients (n = 48).

POC ultrasound has become an essential tool in the practice of an
increasing number of medical specialties including emergency medi-
cine and internal medicine. Although the echocardiographic data uti-
lized in this study were collected from examinations performed by the
cardiology department, the measures included in our prediction score
could also be collected by practitioners at the bedside in order to
make timely clinical decisions for patients with pericardial effusion.'
Diameter of effusion and right ventricular diastolic collapse are con-
cepts traditionally taught in POC ultrasound training. Assessment of
mitral valve inflow velocity variation is a more advanced ultrasound
measurement which may not be within the skillset of all POC ultra-
sound practioners.”® A further simplified three-variable score consist-
ing of only systolic blood pressure <100 mmHg, effusion diameter,
and right ventricular systolic collapse also performed well with only a
slightly lower c-statistic (0.91 vs. 0.94) than the four-variable score in
the derivation dataset. The prospective validity of our four-variable
scoring criteria or the further simplified three-variable scoring criteria
calculated using POC ultrasound data warrants further study.

By stratifying patients into low-, medium-, and high-risk categories,
physicians may be able to better triage the treatment of patients who
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Table |

24

h

Univariate analysis of potential predictors in patients requiring vs. not requiring pericardial drainage within

Missing data (%)

Not drained within 24 h

Drained within 24 h
(N=102)

P-value

Demographics

Age, years (SD)

Women, n (%)

Race and Ethnicity
Hispanic
Non-Hispanic Black
Non-Hispanic White
Non-Hispanic Asian
Other/Unk

Signs and symptoms

Dyspnoea
Chest pain
Orthopnoea
Syncope

Physical exam

Systolic BP (mmHg) (SD)
Diastolic BP (mmHg) (SD)
Heart rate (b.p.m.) (SD)

Respiratory rate (per min) (IQR)
Pulsus paradoxus (mmHg) (SD)

Muffled heart sounds
Pericardial friction rub
Elevated JVP

Medical history

La

Malignancy

Advanced renal disease
Autoimmune disorder
Anticoagulant use
Recurrent effusion
Treatment resistant effusion
boratory values

BUN (mg/dL) (IQR)
Creatinine (mg/dL) (IQR)
Platelets (10°/uL) (IQR)
Troponin T (ng/mL)
NT-proBNP (pg/mL) (IQR)

EKG

Low voltage

Atrial arrhythmia
Electrical alternans
ST elevation

PR depression

Chest X-ray

Ec

Cardiomegaly, n (%)
hocardiography

Diameter of effusion, cm (SD)

Right atrial collapse, n (%)

Right ventricular collapse, n (%)
Tricuspid valve inflow variation (%) (SD)

Mitral valve inflow variation (%) (SD)

1(0.5%)
2 (1%)

70 (35%)

47 (24%)

1 (0.5%)
63 (32%)
30 (15%)
17 (9%)
34 (17%)

26 (13%)
64 (33%)

2 (1%)
2 (1%)
2 (1%)
2 (1%)
2 (1%)

44 (23%)

2 (1%)
24 (12%)
13 (7%)

61.9 (14.4)
46 (49.5%)

5 (5.4%)
14 (15.1%)
68 (73.1%)
3(3.2%)
3 (3.2%)

71 (76.3%)
46 (49.5%)
16 (26.7%)
4 (5.6%)

134 (29.9)
759 (16.8)
91.6 (19.7)
18 (18-20)
938 (37)
23 (31.1%)
4 (4.8%)
45 (58.4%)

38 (40.9%)
11 (11.8%)
8 (8.6%)

54 (58.1%)
12 (12.9%)
12 (12.9%)

18 (12-29)
0.96 (0.75-1.28)
289 (211-381)

0

1113 (389-3389)

29 (31.5%)
8 (8.7%)

6 (6.5%)

7 (7.61%)
8 (8.7%)

46 (63.9%)

1.85 (0.75)
45 (49.5%)
17 (18.3%)
28.0 (8.9)
193 (9.4)

58.6 (15.4)
50 (49.0%)

1(1.0%)
4(3.9%)
90 (88.2%)
3 (29%)
4(3.9%)

84 (83.2%)
40 (40.0%)
15 (23.1%)
3 (3.9%)

120 (22.2)
711 (13.0)
1019 (22.6)
18 (18-20)
129 (5.2)
42 (46.2%)
7 (7.5%)

60 (71.4%)

56 (54.9%)
9 (8.8%)
7 (6.9%)
48 (47.1%)
18 (17.7%)
12 (11.8%)

17 (12-29)
0.90 (0.70-1.19)
312 (237-420)
0

566 (261-1093)

44 (43.6%)
17 (16.8%)
10 (9.9%)
9 (8.91%)
15 (14.9%)

58 (73.4%)

2.87 (0.89)
85 (84.2%)
79 (78.2%)
339 (10.2)
27.9 (89)

0.13
0.95
0.04

0.24
0.19
0.64
0.62

<0.001
0.03
<0.001
0.47
<0.001
0.05
0.46
0.08

0.05
0.49
0.65
0.12
0.36
0.81

0.55
0.20
0.08
0.98
0.10

0.08
0.10
0.40
0.74
0.19

0.21

<0.001
<0.001
<0.001
<0.001
<0.001

Continued
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Table | Continued
Missing data (%) Not drained within 24 h Drained within 24 h P-value
(N=93) (N=102)
IVC respiratory variation (%) (SD) 7 (4%) 31.3(21.7) 22.2(19.1) 0.001
Aetiology of effusion
Pericarditis — 26 (28.0%) 13 (12.8%) 0.008
Malignancy — 29 (31.2%) 51 (50.0%) 0.008
Autoimmune — 4 (4.3%) 3(2.9%) 0.61
Heart failure — 0 1(1.0%) 0.34
Renal failure — 5 (5.4%) 3 (2.9%) 0.39
Post-procedural — 15 (16.1%) 17 (16.7%) 0.92
Other — 3(3.2%) 8 (7.8%) 0.16
Unknown — 11 (11.8%) 6 (5.9%) 0.14

Data are presented as n (%) for categorical variables, mean (SD) for normally distributed continuous variables, and mean (IQR) for non-normally distributed continuous

variables.

Treatment resistant effusion is defined as previously being on medical treatment for pericardial effusion without resolution of effusion. Advanced renal disease is considered cre-

atinine > 2.5. Elevated VP defined as greater than 8 cm H,O.

BP, blood pressure; BUN, blood urea nitrogen; IVC, inferior vena cava; JVP, jugular venous pressure; NT-proBNP, N-terminal pro-B-type natriuretic peptide.

Table2 Model selected prediction variables for requiring urgent pericardial effusion drainage

Variables Category Beta (95% CI)
Systolic blood pres- No —
sure <100 mmHg Yes 2.6
(0.54.8)
Effusion diameter 1-2cm —
2-3cm 2.5
(0.94.1)
>3 cm 33
(1.3-5.3)
Right ventricular No —
collapse Yes 32
(1.7-4.8)
Mitral valve flow vari- No —
ation >25% Yes 18
(0.3-33)

Odds ratio (95% CI) P-value Points
— — 0
139 0.015 1.5
(1.7-117.0)
— — 0
124 0.002 1.5
(2.5-60.0)
27.0 0.002 2
(3.5-209.0)
251 <0.001 2
(54-117.2)
— — 0
6.3 0.018 1
(1.4-28.2)

The boldface values are the point values assigned to each variable of the prediction score.

present to the ED with pericardial effusion. As low-risk patients are
less likely to require urgent drainage, it may be appropriate to con-
sider whether these patients could be observed for clinical progres-
sion as inpatients or in some cases as an outpatient. Intermediate-risk
patients in our cohort had a significant likelihood to need pericardial
drainage and would likely benefit from urgent cardiology evaluation
for drainage or admission with the availability of an urgent drainage
procedure. Patients in the high-risk group were extremely likely to
require intervention within 24 h and should generally be treated as
critical patients with resources available for an emergent pericardio-
centesis. The significance of these point categories should be inter-
preted within each individual clinical and hospital context.

Our novel pericardial effusion prediction score includes only four
variables that could be collected at the bedside by emergency

medicine, internal medicine or cardiology physicians. We anticipate
that this prediction score will help alleviate some of the uncertainty
involved in the decisions about treatment and disposition for patients
with pericardial effusion. It has been shown that a variety of predic-
tion rules can provide improved diagnostic accuracy compared to
clinical judgement alone.*" Primarily, the purpose of this prediction
score is to improve patient outcomes by aiding in the identification of
patients with impending cardiac tamponade so that they can undergo
pericardial drainage in a timely manner.

Limitations

A limitation of this study is the retrospective nature of the design.
Despite the specified search criteria, we may not have identified all
patients who would have been eligible for inclusion in our study
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cohort. However, we used ICD codes to identify study patients and
believe that this approach minimized bias. The incidence of patients
who had the primary outcome was relatively high. In order to obtain

1.00 I
0.75
z
:E 0.50
=8 Derivation
0.25 -9~ Validation
I
!
000 - ¥
0.00 025 0.50 0.75 1.00

1 - Specificity

Figure 2 Receiver operating characteristic (ROC) curves of the
novel four variable pericardial effusion scoring model in the deriv-
ation (n = 94) and validation (n = 101) datasets.

100 +

0 1 W Derivation dataset

80 - Validation dataset

60 -

40 -

30 -

20 -

Incidence of pericardial drainage <24 hours (%)

N -
o 1L—

Low (<2 points)

Intermediate (2-4 points)
Risk Group

sufficient echocardiographic data for building the scoring system, we
only included patients who underwent an echocardiogram within

24 h of hospital arrival, which may have introduced selection bias.
This was a single-centre study, limiting its generalizability to other

settings. It is possible that the prevalence of cancer-related pericardial
effusions is higher at our institution due to the affiliation with a large
oncology centre. It is unclear whether a prediction score created
with data from this patient population will be reproducible in other
populations around the country and around the world. It would be
useful to attempt to validate this scoring system in other clinical set-
tings. Although the echocardiography examinations were interpreted
by an emergency physician for the purposes of this study, the images
were obtained by echocardiographers from the cardiology depart-
ment. This may limit the generalizability of utilizing this score with

images obtained using POC ultrasound.
Our primary outcome was chosen as a marker for cardiac tam-

ponade. However, the decision about whether to pursue urgent
intervention was made by physicians who were not blinded to the
history, physical exam and echocardiographic data. The perceived
relevance of certain clinical and echocardiographic variables by treat-
ing physicians likely impacted the decision to perform pericardial

drainage, and therefore impacted the findings of this study.

High (24 points)

Figure 3 Comparison of the risk group stratification in the derivation and validation cohorts.
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Conclusions

Among patients with moderate-size or larger pericardial effusion
admitted through the ED, a novel, simple scoring system consisting of
systolic blood pressure, effusion diameter, right ventricular collapse,
and mitral valve inflow velocity variation by echocardiography had
good accuracy in predicting the need for urgent pericardial drainage.
Prospective validation of this novel scoring system is warranted.
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