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Background: Pulmonary embolisms (PEs) are clinically challenging because of their high morbidity and mortality. This study aimed
to develop a scoring tool for predicting PEs to improve their clinical management.
Methods: Clinical, laboratory, and imaging parameters were retrospectively collected from suspected PE patients who had cough or
chest pain and were hospitalized in West China Hospital of Sichuan University from May 2015 to April 2020. The final diagnosis of
PE was defined based on findings from computed tomographic pulmonary angiography (CTPA). In this study, patients were randomly
divided 2:1 into derivation and validation cohorts, which were used to create and validate, respectively, a nomogram. Model
performance was estimated with the area under the receiver operating characteristic curve and a calibration curve.
Results: Our study incorporated data on more than 100 features from 1480 patients (811 non-PE, 669 PE). The nomogram was
constructed using important predictive features including D-dimer, APTT, FDP, platelet count, sodium, albumin and cholesterol and
achieved AUC values of 0.692 with the derivation cohort (95% CI 0.688–0.696, P < 0.01) and 0.688 with the validation cohort (95%
CI 0.653–0.723, P < 0.01). The calibration curve showed good agreement between the probability predicted by the nomogram and the
actual probability.
Conclusion: In this study, we successfully developed a nomogram that can predict the risk of PE, which can not only improve the
clinical management of PE patients but also decrease unnecessary CTPA scans and their adverse effects.
Keywords: pulmonary embolism, clinical management, nomogram, risk-scoring tool

Introduction
Pulmonary embolism (PE) is a serious pulmonary circulatory disease caused by blockage of the main branches of the
pulmonary artery. According to the literature, a missed diagnosis or a misdiagnosis often occurs because the clinical
symptoms of PE are difficult to distinguish from other diseases, such as lung cancer.1–3 Although computed tomographic
pulmonary angiography (CTPA) is currently the first-line choice for diagnosing and assessing PEs, it is not without some
limitations, including poor sensitivity in diagnosing pulmonary artery thromboses in its subsegments and smaller
elements. CTPA is also time-consuming, expensive and unavailable at bedside, during critical conditions, in the
emergency department and in grassroots units. A recent study found that the detection rate of PE through CTPA was
less than 5%.4 More importantly, CTPA can cause severe adverse effects in patients, such as renal functional damage
caused by the contrast medium. Therefore, it is particularly important to develop a simple, rapid, safe, reliable and
sensitive method to help clinicians improve the diagnosis of PE patients. Relevant guidelines5–7 have proposed that the
diagnosis of PE should be assisted by clinical scoring systems such as the Wells score, which has decreased the number
of unnecessary CTPAs and, as a result, the adverse effects associated with the scan. Although existing clinical scoring
systems have a certain diagnostic value for suspected PE patients, this value is clinically controversial, and the accuracy
rate remains low.8,9

At present, the nomogram has been generally accepted as a reliable scoring tool for quantifying the risk of clinical
events.10–12 A nomogram integrates multiple prediction indexes based on multifactor regression analysis and then uses
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line segments with scales for connecting scores with a straight line to express the relationship between the different
variables in the prediction model. The nomogram transforms complex regression equations into a visual graph, which
makes the results of the prediction model more intuitive and convenient for the clinical evaluation of patients. In this
study, we aimed to identify the combination of variables that would result in a highly accurate prediction of PE and then
develop a predictive nomogram to improve the clinical management of PE patients.

Materials and Methods
Ethics Statements
This study was approved by the biomedical ethics review committee of West China Hospital of Sichuan University, and
the whole study was conducted according to the principles expressed in the Declaration of Helsinki. Neither the patients
nor the public were involved in the design, conduct, reporting, or dissemination plans of our study. Because this study
involved no more than a minimal risk to patients, the requirement for informed consent was waived. In this study, all
efforts were made to protect the patients’ privacy and anonymity.

Patient Selection and Clinical Data
We promise that all data will be made available during or after data collection. In this study, the medical records of 1480
consecutive suspected PE patients who were hospitalized in West China Hospital of Sichuan University from May 2015
to April 2020 were retrospectively reviewed. CTPA was performed for all suspected patients included in the study, and
suspected PE patients were finally diagnosed through the results of the scans (811 non-PE, 669 PE). The inclusion criteria
were as follows: 1. presence of high risk factors for venous thromboembolism (VTE), including venous blood stasis,
endothelial injury of the venous system and hypercoagulable blood condition, with or without the following clinical
symptoms: cough, chest pain, chest tightness, shortness of breath, dyspnea, hypoxemia, hemoptysis and syncope; 2.
complete medical records during the s period, including medical history, clinical manifestations, laboratory results,
imaging results, diagnosis and treatment activities and prognosis; and 3. CTPA results that allowed a clear diagnosis of
PE. The exclusion criteria were as follows: 1. CTPA results that did not allow a clear diagnosis of PE; and 2. age < 18
years or pregnancy. A flow diagram of the patient selection procedure is presented in Figure 1.

Development of the Model
Eligible patients were randomized at a 2:1 ratio into the derivation and validation cohorts based on the TRIPOD
standard.13 The associations of the risk of PE with the clinical, laboratory, and imaging parameters were preliminarily
evaluated using the LASSO model, which was followed by having PE specialists simplify the variables according to the
actual clinical situation. Variables with p values less than 0.05 were entered into multivariable logistic regression analysis
to further identify the predictive factors for PE. Based on the results from the regression analysis, a nomogram for
predicting PE was constructed.14

The nomogram was created using the data from the derivation cohort by converting each regression coefficient from
the multivariate logistic regression into a scale of 0 points (low) to 100 points (high), and finally, the total scores for all of
the variables were summed.15 The performance of the nomogram was assessed by discrimination and calibration, and the
discriminative ability of the model was estimated by the receiver operating characteristic (ROC) curve.16 A validation
cohort was used to evaluate the model’s consistency relative to the observed outcomes.17 A calibration curve was used to
assess the consistency between the actual incidence of PE and the incidence predicted by the model.

Statistics
Continuous variables with a normal distribution are presented as the mean±standard deviation (SD), nonnormal variables
are reported as the median (Q1, Q3), and categorical data are described as numbers (n, %). Student’s t test or one-way
analysis of variance (ANOVA) was used for normally distributed continuous variables. The Kruskal–Wallis test was used
for the nonnormally distributed continuous variables. Fisher’s exact test or the chi-squared test was used for comparisons
of categorical data separately. Logistic regression was used to evaluate the different predictive factors, and the results are
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presented as odds ratios (ORs) with corresponding 95% confidence intervals (95% CIs). Differences were considered
significant at p values of < 0.05, and all analyses were performed using R software.

Results
Demographics and Baseline Characteristics
In this study, a total of 1480 eligible patients were included. Of these, a total of 811 non-PE patients (525 males and 286
females) had an average age of 60 ± 15.2 years, while the remaining 669 PE patients (409 males and 260 females) had
an average age of 59.4 ± 15.4 years. The demographic and baseline characteristics of the patients are presented in
Table 1.

Comparison Between the Derivation and Validation Cohorts
After random grouping at a ratio of 2:1, 1036 and 444 patients were divided into a derivation cohort and a validation
cohort, respectively. In the derivation cohort (662 men and 374 women), the average age was 59.8 ± 15.3 years, while in
the validation cohort (272 men and 172 women), the average age was 59.5 ± 15.3 years. There was no significant
difference between the derivation cohort and the validation cohort (Table 2).

Figure 1 Flow diagram of the patient selection procedure.
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Table 1 Demographic and Baseline Patient Characteristics

Variables Non-PE(811) PE(669) P value

Sex, n (%) Female 286 (35.3) 260 (38.9) 0.169
Male 525 (64.7) 409 (61.1)

Age, mean (SD) 60.0 (15.2) 59.4 (15.4) 0.465

Smoking, n (%) No 380 (58.0) 310 (60.2) 0.489
Yes 275 (42.0) 205 (39.8)

Dyspnea, n (%) No 688 (84.8) 529 (79.1) 0.005

Yes 123 (15.2) 140 (20.9)
Chest Pain, n (%) No 711 (87.7) 618 (92.4) 0.004

Yes 100 (12.3) 51 (7.6)
Expectoration, n (%) No 766 (94.5) 590 (88.2) <0.001

Yes 45 (5.5) 79 (11.8)

Fever, n (%) No 796 (98.2) 642 (96.0) 0.018
Yes 15 (1.8) 27 (4.0)

Hemoptysis, n (%) No 760 (93.7) 612 (91.5) 0.123

Yes 51 (6.3) 57 (8.5)
Hoarseness, n (%) No 810 (99.9) 665 (99.4) 0.182

Yes 1 (0.1) 4 (0.6)

Hypertension, n (%) No 485 (59.8) 482 (72.0) <0.001
Yes 326 (40.2) 187 (28.0)

Diabetes, n (%) No 680 (83.8) 580 (86.7) 0.144

Yes 131 (16.2) 89 (13.3)
Pulmonary Heart Disease, n (%) No 796 (98.2) 603 (90.1) <0.001

Yes 15 (1.8) 66 (9.9)

Venous Embolism, n (%) No 807 (99.5) 656 (98.1) 0.018
Yes 4 (0.5) 13 (1.9)

Tumor, n (%) No 548 (67.6) 525 (78.5) <0.001

Yes 263 (32.4) 144 (21.5)
Honeycomb Shadow, n (%) No 806 (99.4) 667 (99.7) 0.467

Yes 5 (0.6) 2 (0.3)

Grid Shadow, n (%) No 778 (95.9) 635 (94.9) 0.419
Yes 33 (4.1) 34 (5.1)

Ground Glass Opacity, n (%) No 722 (89.0) 569 (85.1) 0.028

Yes 89 (11.0) 100 (14.9)
Platelet Count, mean (SD) 197.7 (98.1) 212.3 (109.9) 0.012

Leukocyte Count, mean (SD) 8.1 (4.0) 8.5 (4.6) 0.118

Percentage of Neutrophils, mean (SD) 75.9 (95.2) 72.5 (12.2) 0.34
Total Protein, mean (SD) 63.5 (9.1) 61.7 (9.4) <0.001

Albumin, mean (SD) 36.9 (6.3) 34.8 (6.4) <0.001

Albumin-Globulin Ratio, mean (SD) 1.4 (0.4) 1.3 (0.4) <0.001
High Density Lipoprotein, mean (SD) 1.0 (0.4) 1.0 (0.4) 0.142

Low Density Lipoprotein, mean (SD) 2.1 (0.9) 2.3 (0.9) 0.007

Activated Partial Thromboplastin Time, mean (SD) 32.0 (10.8) 32.6 (9.7) 0.311
Fibrinogen, mean (SD) 3.6 (1.5) 3.6 (1.5) 0.882

Antithrombin III, mean (SD) 80.1 (18.3) 78.7 (18.5) 0.226

D-Dimer, median [Q1, Q3] 1.9 [0.6,5.0] 5.3 [2.1,11.8] <0.001
Myoglobin, median [Q1, Q3] 36.1 [21.8,84.0] 36.2 [21.0,80.9] 0.311

Cardiac Troponin, median [Q1, Q3] 20.8 [9.7,98.9] 17.8 [9.1,43.4] 0.007

Creatine Kinase Isoenzymes MB, median [Q1, Q3] 1.7 [1.0,3.1] 1.6 [1.0,2.7] 0.076
C-Reactive Protein, median [Q1, Q3] 11.7 [3.0,78.0] 29.7 [7.9,79.3] <0.001
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Variable Selection
All data during hospitalization were analyzed by Lasso model, features selected by Lasso were presented as Figure 2.
Seven variables were considered significant predictors of PE, including D-dimer, APTT, FDP, platelet count, albumin,
cholesterol and sodium. Multivariate logistic regression analysis on the derivation cohort data revealed that PE was
independently predicted by D-dimer (OR 1.05, 95% CI 1.01–1.09), APTT (OR 1.02, 95% CI 1.00–1.03), FDP (OR 1.02,
95% CI 1.00–1.03), platelet count (OR 1.01, 95% CI 1.00–1.02), albumin (OR 0.95, 95% CI 0.93–0.97), cholesterol (OR
1.21, 95% CI 1.08–1.36), and sodium (OR 1.07, 95% CI 1.04–1.10) (Table 3).

Performance of the Nomogram
On the basis of the multivariate logistic regression, a nomogram for predicting PE was developed by incorporating seven
variables, including D-dimer, APTT, FDP, platelet count, albumin, cholesterol and sodium (Figure 3). The AUC was 0.692 in

Table 2 Comparison Between Derivation Cohort and Validation Cohort

Variables Derivation Cohort Validation Cohort P value

n 1036 444
Sex, n (%) 0 374 (36.1) 172 (38.7) 0.365

1 662 (63.9) 272 (61.3)

Age, mean (SD) 59.8 (15.3) 59.5 (15.3) 0.736
Cough, n (%) 0 894 (86.3) 397 (89.4) 0.118

1 142 (13.7) 47 (10.6)

Dyspnea, n (%) 0 845 (81.6) 372 (83.8) 0.342
1 191 (18.4) 72 (16.2)

Chest Pain, n (%) 0 932 (90.0) 397 (89.4) 0.822
1 104 (10.0) 47 (10.6)

Fever, n (%) 0 1007 (97.2) 431 (97.1) 0.973

1 29 (2.8) 13 (2.9)
Hemoptysis, n (%) 0 962 (92.9) 410 (92.3) 0.810

1 74 (7.1) 34 (7.7)

Pulmonary Heart Disease, n (%) 0 977 (94.3) 422 (95.0) 0.654
1 59 (5.7) 22 (5.0)

Venous Embolism, n (%) 0 1027 (99.1) 436 (98.2) 0.201

1 9 (0.9) 8 (1.8)
Tumor, n (%) 0 747 (72.1) 326 (73.4) 0.647

1 289 (27.9) 118 (26.6)

Grid Shadow, n (%) 0 989 (95.5) 424 (95.5) 0.913
1 47 (4.5) 20 (4.5)

Ground Glass Opacity, n (%) 0 905 (87.4) 386 (86.9) 0.892

1 131 (12.6) 58 (13.1)
Nodular Shadow, n (%) 0 502 (48.5) 206 (46.4) 0.503

1 534 (51.5) 238 (53.6)

Platelet Count, mean (SD) 202.0 (102.8) 209.3 (106.0) 0.245
Leukocyte Count, mean (SD) 8.3 (4.4) 8.3 (4.1) 0.960

Albumin, mean (SD) 36.1 (6.3) 35.5 (6.6) 0.104

Fibrinogen, mean (SD) 3.6 (1.5) 3.5 (1.4) 0.116
Antithrombin III, mean (SD) 79.1 (18.6) 79.7 (18.1) 0.641

D-Dimer, median [Q1, Q3] 3.5 [1.1,9.1] 4.4 [1.4,10.0] 0.175

Myoglobin, median [Q1, Q3] 38.5 [21.0,83.9] 34.1 [21.0,80.4] 0.306
Cardiac Troponin, median [Q1, Q3] 19.6 [9.6,59.2] 17.5 [9.0,48.9] 0.249

C-Reactive Protein, median [Q1, Q3] 21.4 [4.6,81.4] 19.0 [5.0,75.1] 0.675

Interleukin 6, median [Q1, Q3] 26.8 [9.2,77.9] 28.5 [11.9,72.9] 0.835
Procalcitonin, median [Q1, Q3] 0.2 [0.1,0.6] 0.1 [0.1,0.5] 0.486
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the derivation cohort (95% CI 0.688–0.696, P<0.01) and 0.688 in the validation cohort (95% CI 0.653–0.723, P<0.01), which
indicated that the model’s consistency relative to the observed outcomes was good (Figure 4). The calibration curve revealed
good agreement between the probability predicted by the nomogram and the actual probability (Figure 5).

Discussion
Acute PE is the third most common cause of cardiovascular death in the world after coronary heart disease and stroke.18

According to the literature, the short-term mortality of untreated PE patients is as high as 30%, and the 30-day mortality

Figure 2 Feature selection by Lasso. The above features are considered to be more important for the prediction of PE according to Lasso selection. If the coefficient is
positive, it means that the feature is a risk factor for PE; If the coefficient is negative, it means that the feature is a protection factor for PE. The greater the absolute value,
the greater the association between the feature and PE.
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of patients with a simplified pulmonary embolism severity index (sPESI)≥1 is as high as 10.9%.19,20 Similar to deep
venous thrombosis (DVT), PE is essentially a different manifestation of VTE in different parts of the body and in
different stages. An embolism of the pulmonary artery can cause a series of pathophysiological changes, such as right
ventricular ischemia, right heart dysfunction, systemic hypotension, shock, gas exchange disorders, pulmonary infarction,
and chronic thromboembolic pulmonary hypertension; in severe cases, it can cause death.

At present, the clinical management of PE remains challenging because of its high incidence and mortality. In this study,
we successfully developed a simple, intuitive nomogram for a statistical predictive model that quantified the risk of PE,
which may assist clinicians in diagnosing PE and in making recommendations for the patient. Previously, a prediction model
based on deep learning was developed to assess the probability of PE and clot burden in patients with CTPA data.21 However,
a nomogram for predicting PE has not been previously constructed. To our knowledge, this study was the first to construct

Table 3 Multivariate Logistic Regression Analyses for
Developing the Nomogram to Predict PE

Variables OR(95% CI) P value

D-Dimer 1.05(1.01–1.09) <0.01

APTT 1.02(1.00–1.03) 0.03

FDP 1.02(1.00–1.03) 0.02
Platelet 1.01(1.00–1.02) <0.01

Albumin 0.95(0.93–0.97) <0.01

Cholesterol 1.21(1.08–1.36) <0.01
Sodium 1.07(1.04–1.10) <0.01

Figure 3 Nomogram for predicting the risk of PE.The nomogram was created by converting each regression coefficient from the multivariate logistic regression into a scale
of 0 points (low) to 100 points (high). Finally, the total scores for all of the variables were summed.
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a quantitative nomogram to predict the probability of PE, as previously constructed nomograms have focused only on
predicting the probability of deterioration for normotensive patients with acute PEs on admission.22

In our nomogram, D-dimer and sodium were the greatest contributors to the risk of PE, followed by APTT and FDP,
while c and the platelet count showed the smallest effect on the probability of PE, and albumin showed an adverse effect
on the probability of PE. To our knowledge, D-dimer, APTT, FDP and platelet count have previously been considered to
be important independent predictors of PE, consistent with our results.23–25 More importantly, our nomogram combined
these independent predictors to determine the risk of PE by calculating the total score. In 1856, Virchow26 proposed three
elements of thrombosis: blood flow stagnation, blood hypercoagulability and vascular endothelial injury. In fact, all the
high-risk factors are the result in part or from all three of the above elements. For example, as we have seen in our study,
hypernatremia is commonly a result of blood concentration, which makes the blood more viscous and the blood flow
slow down, resulting in blood hypercoagulability that can increase the risk of thrombosis. In addition, hypercholester-
olemia is an important cause of coronary atherosclerosis and thrombosis, which may be related to blood hypercoagul-
ability, which is caused by many factors.27 Previous studies have found that a decrease in albumin was a contributor to
the risk of thrombotic diseases, such as venous thromboembolism, PE and acute coronary syndromes, which is consistent
with our study.28,29 The difference was that this nomogram incorporated albumin into the PE prediction model for the
first time. First, hypoproteinemia causes a reduction in blood volume and an increase in liver synthetic lipoprotein,
resulting in secondary hyperlipidemia and the formation of a hypercoagulable blood condition. At the same time,
hypoproteinemia can promote the synthesis of coagulation factors in the liver and activate the internal and external

Figure 4 Receiver operating characteristic (ROC)curve for predicting PE. The performance of the nomogram was assessed by the ROC curve. The green curve represents
derivation cohort, and the blue curve represents validation cohort.
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coagulation systems, resulting in thrombosis. In addition, hypoproteinemia can cause systemic edema, which compresses
the blood vessels and leads to blood stasis.29,30

Limitations
However, several limitations should be addressed. First, our analysis used only single-center data, so the performance of
the nomogram might differ for datasets obtained from multiple institutions with differently distributed patient character-
istics. Second, if outpatients had been involved in this study, the results would have been more accurate. Third, this study
was a retrospective analysis, and a large number of prospective studies are needed to further confirm the results.

Conclusions
We developed a scoring tool based on a nomogram published as a tool for predicting PE. This risk-scoring tool is simple,
intuitive and feasible, and it may help clinicians improve the management of PE patients.

Abbreviations
PE, pulmonary embolism; CTPA, computed tomographic pulmonary angiography; ROC, receiver operating characteristic
curve; AUC, area under the curve; OR, odds ratio; CI, confidence interval; SD, standard deviation; TRIPOD, Transparent
reporting of a multivariable prediction model for individual prognosis or diagnosis; APTT, activated partial thrombo-
plastin time; FDP, fibrin degradation product.

Figure 5 Calibration curve for the nomogram predicting PE. The horizontal axis represents the nomogram-predicted probability of PE, and the vertical axis represents the
actual observed PE.
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