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Background: The diagnosis of pulmonary embolism (PE) in pregnant women repre-

women with suspected PE consists of assessing clinical pre-test probability (PTP).
However, no dedicated clinical decision rule has been developed in this population.
Objective: To propose a new version of the Geneva score adapted to pregnant women
with suspected PE.

Methods: Data from a multicenter, prospective management outcome study includ-
ing 395 women with suspected PE, in whom PTP was assessed using the Geneva

score, were used. We first removed items which were present in none of the patients
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1 | INTRODUCTION

The diagnosis of pulmonary embolism (PE) relies on diagnostic strate-
gies based on the sequential assessment of clinical pre-test probability
(PTP), measurement of plasma D-dimer levels, and computed tomo-
graphic pulmonary angiography (CTPA) in selected cases.>? PE diag-
nosis in pregnant women remains a challenge for physicians, because
many of the symptoms often reported during physiological pregnancy,
such as shortness of breath or tachypnea, may also suggest the diagno-
sis of PE.> Many physicians remain reluctant to use radiating imaging
in pregnant women because of concerns about the long-term risks for
the mother and the fetus. Although this risk is admittedly low, every
effort to minimize radiation exposure during pregnancy should be en-
couraged. Optimizing clinical decision rules which can, in association
with D-dimer, safely exclude PE without thoracic imaging, is therefore
of particular importance in pregnant women.®

In non-pregnant patients with suspected PE, the assessment
of clinical PTP is the first step of the diagnostic management.*? It
allows identification of a group of patients in whom a negative D-
dimer safely rules out PE without imaging. It is also used for the in-
terpretation of pulmonary ventilation/perfusion scan results.

Available clinical decision rules (CDR) have not been derived or val-
idated on a large-scale basis in pregnant women.” This has been one of
the reasons put forward for not using D-dimer in pregnant women, in
addition to the reduced proportion of negative D-dimer during preg-
nancy. Recently, two prospective management outcome studies as-
sessed diagnostic strategies in the specific setting of pregnant women
with suspected PE.2Y These studies used two different pre-test as-
sessment tools that had not been previously validated in a pregnant
population: the pregnancy-adapted YEARS model in the ARTEMIS
study and the Geneva Score in the CT-PE pregnancy study.®?

Although the Geneva Score was able to identify three categories
of pregnant women with an increasing prevalence of PE in the CT-PE
pregnancy study, it includes items such as age >65 years or cancer,
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(cancer, age >65 years). Receiver operating characteristic (ROC) curve analysis was
then performed for quantitative variables and the optimal threshold defined. The ob-
tained Pregnancy-Adapted Geneva Score (PAG Score) comprised seven items, includ-
ing an age 40 years or older and a heart rate >110 beats per minute.

Results: The PAG Score showed a high discriminative power to identify patients with
a low, intermediate, or high PTP, associated with increasing prevalence of PE, 2.3%,
11.6%, and 61.5%, respectively. The ROC curves showed an area under the curve of
0.795 for the PAG Score compared to 0.684 for the Geneva score.

Conclusion: In pregnant women with suspected PE, the PAG Score shows a high dis-
criminative power to identify patients at low, intermediate, or high PTP. It has the
strength of being a fully objective decision rule, is clinically relevant, easy to compute,

and should now be tested in a prospective outcome study.

diagnosis, pregnancy, probability, pulmonary embolism, venous thromboembolism

ESSENTIALS

e The diagnosis of pulmonary embolism (PE) during preg-
nancy remains a challenge and no specifically derived
clinical decision rule (CDR) is available.

e Data from a multicenter, prospective management out-
come study were used to develop a pregnancy-specific
CDR.

e The Pregnancy-Adapted Geneva (PAG) Score is highly
discriminative to identify pregnant patients with a low,
intermediate, or high clinical pre-test probability and
displays an area under the curve of 0.795.

e The PAG Score is a fully objective decision rule, is clini-
cally relevant, easy to compute, and should be tested in

a prospective outcome study.

which are not relevant to this population.® Moreover, due to hemo-
dynamic changes during pregnancy, the predictive ability for the
presence of PE of some variables—such as a heart rate >75 beats per
minute (bpm)—may differ in this setting. We therefore aimed to pro-
pose a Geneva Score adapted to pregnant women with suspected PE
using data from the CT-PE pregnancy study.®

2 | METHODS

2.1 | Patients and settings

The prediction rule was derived from the CT-PE pregnancy study,
a multicenter prospective outcome study designed to assess
the safety of a PE diagnostic strategy in pregnant women.® This
strategy was based on the sequential assessment of clinical PTP,
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plasma D-dimer measurement, lower limb venous compression
ultrasonography (CUS), and CTPA. Ventilation perfusion (V/Q)
lung scan could be performed in case of inconclusive CTPA. All
pregnant women with suspected PE presenting to the emergency
department of 11 general and teaching hospitals in two countries
(France and Switzerland) were eligible. PE suspicion was defined
as acute onset of new or worsening shortness of breath or chest
pain without any other obvious cause. Exclusion criteria were age
<18 vyears, allergy to iodinated contrast agents, impaired renal
function (defined by a creatinine clearance below 30 ml/min as
per the Cockcroft-Gault formula), PE diagnosis made prior to
presentation, indication for or already on therapeutic anticoagu-
lation, and inaccessibility for follow-up. The study was approved
by the ethics committee according to legislation at each study
site. A written informed consent was obtained from all participat-
ing women. Between August 2008 and July 2016, 441 pregnant
women were approached for participation to the study, of whom
395 were included.

The clinical PTP was determined using the revised Geneva
Score.!® A highly sensitive D-dimer test was performed in all
women. PE was deemed excluded in women with a low or
intermediate—that is, “non-high"—PTP and a negative D-dimer test
(< 500 pg/L). Women with a high PTP and those with a non-high
PTP but a positive D-dimer test underwent bilateral proximal CUS.
Lack of compressibility of a deep vein was used as the diagnos-
tic criterion for DVT. When a proximal DVT was found, PE was
considered as confirmed without further testing. Women with a
negative CUS underwent CTPA. The protocol for CTPA consisted
of an evaluation of the pulmonary arteries up to and including the
subsegmental vessels. In case of inconclusive CTPA, further test-
ing with a V/Q lung scan was recommended. Pregnant women with
a negative diagnostic work-up were considered as not having PE,
were left without anticoagulant treatment, and underwent clinical
follow-up for 3 months. The 3-month thromboembolic risk during
follow-up in these patients was 0.0% (95% confidence interval [Cl]:
0.0 to 1.0%).2

2.2 | Data analysis
The Geneva Score used in the CT-PE pregnancy study includes
eight clinical items (see Table 1), with weighting for each item based
on the regression coefficient obtained from a multivariate logisti-
cal variation analysis in non-pregnant patients.10 Total score ranges
from O to 22 points. Patients are classified into low (0-3 points), in-
termediate (4-10 points), and high (= 11 points) PTP categories.
Derivation of a CDR usually requires a first selection of poten-
tial candidate predictors through univariate analysis followed by
multivariate analysis to select independent predictors. However, a
commonly accepted rule of thumb is that performing a multivari-
ate logistic model analysis for prediction purposes requires 5 to 10
events for each variable proposed to the model.**? Only 28 women
had confirmed PE in the CT-PE pregnancy study, precluding strict

TABLE 1 Patients’ characteristics

Characteristics

Female gender, n (%) 395 (100)
Age in years, median (IQR) 31
(27-36)
Trimester of pregnancy
First, n (%) 83(21.0)
Second, n (%) 170 (43.0)
Third, n (%) 142 (35.9)
BMI (kg/m?) 25.9 (5.5)
Personal history of VTE, n (%) 29 (7.3)
Active malignancy, n (%) 0(0.0)
Surgery within one month, n (%) 4(1.0)
Bedridden for >72 hours during the last 4 weeks, n (%) 34 (8.6)
Chest pain, n (%) 260 (65.8)
Dyspnea, n (%) 292 (73.9)
Syncope, fainting, n (%) 59 (14.9)
Hemoptysis, n (%) 14 (3.5)
Clinical signs or symptoms of DVT, n (%) 57 (14.4)
Heart rate, bpm, mean (SD) 91 (17)
02 saturation, %, mean (SD) 98.0 (1.8)

Abbreviations: BMI, body mass index; bpm, beats per minute; DVT,
deep vein thrombosis; IQR, interquartile range; SD, standard deviation;
VTE, venous thromboembolism.

adhesion to standard methods for CDR development. As such, we
elected to adapt the Geneva Score rather than to fully derive a new
CDR.

We planned to remove variables that would not be relevant to
the pregnant women population; that is, variables not present in any
of the included women. We computed the rate of missing data for
each item to ensure that no variable from the score would be missing
in more than 2% of included patients. We then analyzed the pre-
dictive ability of each individual item of the Geneva Score for the
presence of PE.

For quantitative variables, that is, age and heart rate, we ran a
receiver operating characteristic (ROC) curve analysis to determine
if thresholds different from those used in the original score would
have a better discriminative power. Quantitative variables were then
dichotomized at their optimal cutoff and were assigned the same
number of points as in the original score.

The new score obtained after these adaptations was then com-
puted in all women included in the cohort. We assessed the prev-
alence of PE according to the number of points. We planned to
determine cutoffs that would allow us to identify three groups of
PTP. The low PTP group had to have a PE prevalence <10%, and
the high PTP >50%, which corresponds to the usual prevalence ob-
served in three-level PTP categories in PE diagnostic studies and
guides the next steps of the diagnostic workup. We then reported
the prevalence of PE in each of the three PTP groups along with the
95% Cls.
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Finally, we ran ROC curve analyses to determine the area under
the curve (AUC) of the Pregnancy-Adapted Geneva (PAG) Score and
to compare its discriminant ability with the original score. Because of
the low number of events, no repeated analysis in the same sample
was performed to avoid overadjustment.

3 | RESULTS

3.1 | Study population

In the original CT-PE pregnancy study, 395 pregnant women with
suspected PE were included. General characteristics are displayed in
Table 2. PTP was assessed in all women using the Geneva Score, pre-
sented in Table 2. In the CT-PE pregnancy study, 192/395 (48.6%),
200/395 (50.6%), and 3/395 (0.8%) were classified in the low, in-
termediate, and high PTP categories, respectively, with correspond-
ing PE prevalence of 7/192 (3.6%), 18/200 (9%), and 3/3 (100%). For
seven of the eight items, data were available in 395/395 (100%) of

patients. Heart rate (HR) was missing in five patients (1.2%).

3.2 | Development of the Pregnancy-Adapted
Geneva Score

Two variables of the Geneva Score were not present in any of the
pregnant women and were removed. The first was active malig-
nancy, and the second was age >65 years. We nevertheless ran a
ROC curve analysis to determine if a different age threshold would
have some discriminative power. We found the most discriminative
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point of the curve to be at age 40 years, with a specificity of 94%
and a sensitivity of 18%. Among the 28 patients 40 years and older,
5(17.9%) had PE, whereas in patients <40 years, 23/367 (6.3%) had
PE. We therefore integrated an age 40 years or older to define the
“positive” age item in the new score with the same weight as the
original score (+1 point).

The ROC curve for HR showed the most discriminative cutoff
point to be around 110 bpm, with a specificity of 91% and a sensitiv-
ity of 30%. Among patients with a HR >110 bpm, 9/43 (20.9%) had
PE, whereas in patients with a HR <110 bpm, 18/347 (5.2%) had PE.
We therefore integrated a threshold of >110 bpm to define a posi-
tive HR item of the new score with the same weight as the higher HR
threshold in the original score (+5 points).

The remaining five items were categorical variables kept with the
same point numbers as in the original score (Table 2). The PAG Score
thus includes seven items, and the total number of points ranges
from O to 20 points.

We computed the PAG Score in all included women. The propor-
tion of confirmed PE according to the number of points is presented
in Figure 1. To achieve our objective of PE obtaining a prevalence
<10% among low PTP patients and >50% among high PTP patients,
we chose a score ranging from O to 1 points to define low PTP, 2 to
6 points to define intermediate PTP, and 27 points to define high
PTP. Patients’ distribution and corresponding PE prevalence are pre-
sented in Table 3. Patients were categorized as having a low PTP in
67.9%, intermediate in 28.7%, and high in 3.3%. The corresponding
PE prevalence was of 2.3%, 11.6%, and 61.5%, respectively (Table 3).

The ROC curves showed an AUC of 0.795 (95% Cl 0.690-0.899)
for the PAG Score compared to 0.684 (95% Cl 0.563-0.805) for the
Geneva Score.

TABLE 2 The Geneva Score and the Pregnancy-Adapted Geneva Score for assessment of pre-test clinical probability of PE in pregnant

women

Geneva Score

ITEM POINTS
Age >65 +1
Active malignant condition +2

Surgery (under GA) or lower limb fracture in past +2

month
Previous DVT or PE +3
Unilateral lower limb pain +3
Hemoptysis +2

Pain on lower limb palpation and unilateral edema +4

Heart rate 75-94 +3

>=95 +5

Maximal point number 22

ROC curve AUC 0.684

95% ClI 0.563-0.805

Pregnancy-Adapted Geneva Score

ITEM POINTS

Age 40 years and older +1

Surgery (under GA) or lower limb fracture in past +2

month

Previous DVT or PE +3
Unilateral lower limb pain +3
Hemoptysis +2

Pain on lower limb palpation and unilateral edema +4

Heart rate >110 bpm +5

Maximal point number 20

ROC curve AUC 0.795

95% ClI 0.690-0.899

Abbreviations: AUC, area under the curve; Cl, confidence interval; DVT, deep vein thrombosis; GA, general anesthesia; ROC, receiver operating

characteristic; PE, pulmonary embolism.
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FIGURE 1 Prevalence of pulmonary embolism (PE) according to the number of points in the Pregnancy-Adapted Geneva Score.
The vertical blue line represents the cut-offs for low, intermediate, and high clinical probabilities [Color figure can be viewed at

wileyonlinelibrary.com]

The proportion of patients in whom a CTPA could be avoided
when using the PAG Score in our cohort would have been of 11.3%
(42/372 patients) compared to 11.6% with the Geneva Score used in
the study (Figure 2).

4 | DISCUSSION

This work presents a clinical decision rule based on the Geneva
Score for the assessment of PTP in pregnant women with suspected
PE, the PAG Score. The analysis is based on the results of a large pro-
spective cohort of pregnant women with suspected PE having un-
dergone a full diagnostic work-up and a formal 3-month foIIow-up.8

Our results show that the PAG Score has a high discriminative
power to classify patients in three categories of clinical PTP, namely
low, intermediate, and high, associated with clinically meaningful
increasing PE prevalence of 2.3%, 11.6%, and 61.5%, respectively.

The ROC curve shows that the PAG Score may have a better di-
agnostic accuracy than the Geneva Score used in this population,
with AUC of 0.795 compared to an AUC of 0.684, respectively.

As opposed to other available PTP assessment rules,’**° this
new score contains items which are all relevant to the setting of

pregnant women. It represents a standardized tool for assessing PTP

of PE in this population, based exclusively on objectively assessed
clinical items.

Given the lack of any validated probability scoring system at the
time our group performed the CT-PE pregnancy study, we had de-
cided to use the revised Geneva Score. We recognized that this was
not optimal given that several items were not relevant to pregnancy
(e.g., age >65 years, active malignancy). Nevertheless, in the original
study, the Geneva Score was able to distribute patients in groups
of low (48.6%), intermediate (50.6%), and high (0.8%) probability
corresponding to an increasing prevalence of PE of 3.6%, 9.0%, and
100.0%, respectively.® However, admittedly, a score exclusively con-
taining objective items relevant to this population was needed.

The main limitation of this work is that our data source included
395 patients, of whom 28 had PE. The significant variables could
therefore not be entered in a multivariate logistic regression model,
and all the steps of a formal derivation could not be followed.
However, this limitation is inherent to this population of patients, as
studies on PE diagnostic strategies are obviously more challenging
to conduct during pregnancy than in the general population. This
is highlighted by the fact that only two prospective studies have
been published so far with fewer than 500 patients included in each
study. Furthermore, the prevalence of confirmed PE is lower in preg-

nant women than in the general population, limiting the number of

TABLE 3 Patients’ distribution and corresponding prevalence of PE according to the PAG Score

Points Category Distribution
0-1 Low 265/390
2-6 Intermediate 112/390
>=7 High 13/390

Confirmed
Distribution, % PE,n Prevalence of PE, % 95% Cl
67.9% 6/265 2.3% 1.0-4.9%
28.7% 13/112 11.6% 6.9-18.9%
3.3% 8/13 61.5% 35.5-82.2%

Abbreviations: CI, confidence interval; PAG Score, Pregnancy-Adapted Geneva Score; PE, pulmonary embolism.
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ROC Curve of the Geneva score

AUC 0.684 (95% Cl 0.563-0.805)

1.0

ROC Curve of the PA-Geneva score

AUC 0.795 (95% Cl 0.690-0.899)

1.0
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Comparative ROC curves of the PA-Geneva score (blue) and simplified PA-Geneva score (green)

AUC 0.795 (95% C1 0.690-0.899) and 0.774 (95% Cl 0.670-0.877)

FIGURE 2 Receiver operating characteristic (ROC) curves of the Geneva Score and the Pregnancy-Adapted Geneva Score. AUC, area
under the curve; Cl, confidence interval; PA, Pregnancy-Adapted [Color figure can be viewed at wileyonlinelibrary.com]

patients with positive diagnoses available in the scientific literature
for a derivation analysis. Notwithstanding this limitation, the accu-
racy of the score was assessed by calculating the ROC curve and
analyzing the AUC.

The assessment of PTP in pregnant women with suspected PE is
particularly challenging as many features of the clinical presentation
can also be present in a physiological pregnancy, such as dyspnea,
tachycardia, or lower limb edema. A fully objective clinical decision

rule not relying on the emergency physician’s experience in this spe-
cific population of patients is therefore highly appealing in clinical
practice. The presented PAG Score fulfills these requirements, is
clinically relevant, easy to compute, and should now be tested in a

prospective outcome study.
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