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Abstract D-dimer levels are increased in patients with

acute pulmonary embolism (PE). However, D-dimer levels

are also increased in patients with community-acquired

pneumonia (CAP). The aim of this prospective cohort study

was to examine the incidence and clinical features of patients

preliminarily diagnosed with CAP and with increased

D-dimer levels, and who finally were diagnosed with PE.

Patients diagnosed with CAP and hospitalized in the Res-

piratory Department of the Tenth People’s Hospital Affili-

ated to Tongji University between May 2011 and May 2013

were enrolled. D-dimer levels were measured routinely after

admission. For patients with increased D-dimer levels, those

suspected with PE underwent computed tomography pul-

monary angiography (CTPA). A total of 2387 patients with

CAP was included: 724 (30.3 %) had increased D-dimer

levels (median of 0.91 mg/L). CTPA was performed for 139

of the 724 patients (median D-dimer levels of 1.99 mg/L).

Among the 139 patients, 80 were diagnosed with PE, and 59

without PE; D-dimer levels were 2.83 and 1.41 mg/L,

respectively (p\ 0.05). Multivariate analysis showed that

age, coronary heart disease, chronic obstructive pulmonary

disease (COPD), lower limb varicosity, chest pain, shortness

of breath, hemoptysis, fever, and increased levels of troponin

I were independent risk factors for PE. Presentation of PE

and CAP are similar. Nevertheless, these results indicated

that for hospitalized patients with CAP and elevatedD-dimer

levels, PE should be considered for those[60 years; with

CHD, COPD, or lower limb varicosity; with chest pain,

shortness of breath, hemoptysis, increased troponin I, or low

fever.
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Introduction

Pulmonary embolism (PE) is a group of diseases or clinical

symptoms characterized by a mechanical obstruction of the

pulmonary artery system. In fact, PE refers to pulmonary

thromboembolism (PTE) in most cases, which is caused by

the blockage of the pulmonary artery by a blood clot from

the venous system or right ventricle [1–4]. PE usually leads

to pulmonary dysfunction or respiratory insufficiency. As

the clinical presentations of PE are not specific, this disease

is easily misdiagnosed or missed [1–4]. The mortality rate

of PE is as high as 25–30 % if not treated; however, timely

diagnosis and treatment reduce the mortality rate to 2–8 %

[1–4]. Therefore, timely diagnosis is paramount to improve

patients’ outcomes.

Currently, diagnosing PE mainly depends on computed

tomography pulmonary angiography (CTPA); pulmonary

artery obstruction index (PAOI) could also be used to

quantitatively evaluate the severity of PE [1–4]. However,

the complexity and highmedical costs of thesemethods limit

their widespread application. Therefore, clinical evaluation

models and serum biomarkers are used for the early

screening of PE [5]. Previous studies have shown that ruling
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out PE according to Wells score and D-dimer levels could

substantially reduce the misdiagnosis rate of PE [6]. The

sensitivity of usingD-dimer in diagnosing acute PE is as high

as 92–100 %, but the specificity is relatively low (40–43 %)

[6, 7]. Several factors including operation, trauma, tumor,

pregnancy, infectious diseases, peripheral vascular diseases,

and advanced age could increase D-dimer levels.

Infections generally involve the activation of the

inflammatory and coagulation systems. Therefore, D-dimer

levels also reflect the severity of inflammation. Commu-

nity-acquired pneumonia (CAP) is a common infectious

disease. The mortality rate of CAP is about 5.6 % [8].

D-dimer levels are significantly higher in patients who die

from critical CAP compared with surviving ones [9–11].

However, D-dimer levels of 0–4 mg/L are not specific and

could reflect either CAP or PE [12].

Therefore, the aim of the present prospective cohort

study was to examine the incidence and clinical features of

patients preliminarily diagnosed with CAP and with

increased D-dimer levels, and who finally were diagnosed

with PE. CTPA was used as the gold standard to diagnose

PE. Results of the present study could provide some clues

for the early identification of patients at high risk of suf-

fering from PE, hence improving the outcomes.

Patients and methods

Study design and patients

This was a prospective cohort study of patients newly

admitted to the Respiratory Department of the Tenth Peo-

ple’s Hospital Affiliated to Tongji University and diag-

nosed with CAP between May 2011 and May 2013.

D-dimer levels were routinely examined. Patients with

increased D-dimer levels with suspected PE underwent

CTPA to clarify the presence of PE.

Inclusion criteria were (1) hospitalized patients with CAP

newly admitted afterMay 2011; (2) increasedD-dimer levels

([0.55 mg/L); and (3) chest pain, hemoptysis, and dyspnea

that could not be alleviated by anti-inflammatory treatments.

Exclusion criteria were (1) diagnosed with PE or deep

venous thrombosis at admission; or (2) CTPA could not be

performed due to the patient’s condition.

The study was approved by the ethical committee of the

Tenth People’s Hospital Affiliated to Tongji University,

and each participant provided a written informed consent.

Diagnostic criteria

CAP was diagnosed according to the diagnostic criteria

described in the Guidelines of Diagnosis and Treatment of

CAP issued by the Respiratory Society of the Chinese

Medical Association. Patients were diagnosed with CAP in

the presence of chest X-ray showing patchy or flake-like

infiltrates or interstitial changes, with or without pleural

effusion, and with at least one of the following four items

(1) newly developed cough or expectoration, or aggrava-

tion of pre-existing respiratory diseases and with purulent

sputum; with or without chest pain; (2) fever; (3) signs of

lung consolidation and/or moist rale; and (4) WBC

[10 9 109/L or\4 9 109/L, with or without nuclear left

shift.

CTPA was used as the gold standard for the diagnosis of

PE. The diagnosis of PE was performed according to direct

and indirect signs. The direct signs were: partial filling

defect or obstruction of the lumen, floating sign, saddle

sign, irregular vascular wall, and thrombus calcification.

The indirect signs were: uneven distribution of the pul-

monary vessels, mosaic sign caused by uneven perfusion of

the pulmonary parenchyma, signs of pulmonary infarction,

signs of pulmonary hypertension including enlargement of

the main pulmonary artery, and enlargement of the right

ventricle.

The two major criteria for the diagnosis of acute PE

were filling defect and complete obstruction (abrupt rup-

ture) of the branches of the pulmonary artery. Other

commonly found signs included partial obstruction or

stenosis of the pulmonary artery branches, enlargement of

the proximal lumen and narrowing of the distal lumen, and

continuous retention of the contrast agent in the proximal

artery at the late phase of angiography (venous phase).

Study procedures

Patients meeting the diagnostic criteria of CAP and the

criteria for hospitalization were enrolled. D-dimer levels

were measured routinely after admission. Patients with

increased D-dimer levels were included as suspicious PE

patients, and CTPA was performed. Patients were catego-

rized into the PE and non-PE groups according to the

CTPA results. PAOI (%) was calculated for the patients in

the PE group.

D-dimer levels

Fasting venous blood (1.8 mL) was collected into sodium

citrate anticoagulant tubes, and mixed immediately by

reversing. Centrifugation at 2500 rpm for 10 min was

performed 0.5 h later to separate plasma. A Symex CA-700

automatic blood coagulation analyzer was used; kits,

standards, and quality control substances were provided by

Siemens Healthcare Diagnostic Products GmbH (Erlangen,

Germany). Immunoturbidimetry was used for the mea-

surement of D-dimer levels. The normal range of D-dimer

levels was 0–0.55 mg/L.
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CTPA

A 64-detector row spiral CT (Lightspeed V, GE Health-

care, Waukesha, WI, USA) was used for CTPA. Patients

were placed on the examination table in the supine posi-

tion. CTPA covered the area from 1.5 cm above the aortic

arch to the level of the diaphragm, with collimation of

1.25 mm and screw pitch of 1.0–1.5. Nonionic iodine

solution (Ultravist, iodine concentration of 300 g/L) was

used as the contrast agent (100–150 mL injected at

3.5–4.0 mL/s). Two experienced radiologists reviewed the

images. PAOI was used to evaluate the severity of PE [13]

according to: PAOI (%) = R(n 9 d)/40 9 100 %, where

‘‘n’’ indicates the number of arteries affected by embolism

each side of the lung was divided into 10 pulmonary seg-

ments, each segment containing 10 segmental artery. Three

arteries are in the upper right and left lobes each, two in the

right middle lobe, two in the left lingular lobe, and five

each in the lower left and right lobes. All emboli were

scored 1. The score varied from 1 (obstruction of one

segmental artery) to 20 (obstruction of the bilateral pul-

monary arteries) and D refers to the severity of the

embolism (1 indicating partial obstruction, and 2 indicating

complete obstruction). The results are displayed as a per-

centage to reflect the decrease of the pulmonary vascular

bed.

Data collection

The following information was recorded in detail: (1)

general characteristics (sex and age); (2) comorbidities

[coronary heart disease (CHD), hypertension, chronic

obstructive pulmonary disease (COPD), diabetes, hyper-

lipidemia, tumor, lower limb varicosity, and history of

recent forced rest (bedridden for more than 2 days within

the past 2 weeks)]; (3) clinical presentations [chest pain,

hemoptysis, shortness of breath, chest tightness, fever

(temperature [38.5 �C)], syncope, and lower limb swel-

ling; and (4) laboratory results [D-dimer, C-reactive protein

(CRP), blood pH, partial oxygen pressure (PO2), partial

carbon dioxide pressure (PCO2), troponin I (TnI), brain

nutriaretic peptide (BNP), and fibrinogen (FIB)]. The last

laboratory results before CTPA were used in the present

study.

Statistical analyses

Since a small sample size could affect statistical power, the

following data were stratified into dichotomous variables:

age (B60 years and[60 years), CRP [normal (0–10 mg/L)

and increased], pH [normal (7.35–7.45), acidosis (\7.35),

and alkalosis ([7.45)], PO2 [normal (80–100 mmHg) and

hypoxia (\80 mmHg)], PCO2 [normal (35–45 mmHg),

decreased (\35 mmHg), and increased ([45 mmHg)], TnI

[normal (0–0.014 ng/mL) and increased ([0.014 ng/mL)],

BNP [normal (0–179 pg/mL) and increased ([179 pg/

mL)], FIB [normal (2–4 g/L), decreased (\2 g/L), and

increased ([4 g/L)], and D-dimer [normal (0–0.55 mg/L)

and increased ([0.55 mg/L)].

SPSS 19.0 (IBM, Armonk, NY, USA) was used for the

statistical analyses. Non-normally distributed continuous

data are presented as median and were analyzed using non-

parametric tests. Correlation between D-dimer levels and

PAOI was evaluated using the Pearson correlation analysis.

Univariate analyses were performed using the Pearson v2

test to obtain odds ratios (OR) and 95 % confidence

intervals (CI). For the multivariate analysis, PE was the

dependent variable and all potential risk factors (stratified

as above) were used as independent variables. The back-

ward (likelihood ratio) logistic regression was performed to

identify the independent risk factors for PE, as well as the

corresponding OR and 95 % CI. The significance level to

enter the multivariate analysis was p\ 0.05 for the vari-

ables to enter the regression. Two-sided p values \0.05

were considered significant.

Results

Characteristics of the patients

A total of 2387 hospitalized CAP patients were enrolled,

among which 724 (30.3 %) displayed increased D-dimer

levels. Three hundred and eighty-nine (53.7 %) of the 724

patients were males, and 335 (46.3 %) were females.

CTPA was performed for 139 patients [66 males (47.48 %)

and 73 females (52.52 %), age range of 22–87 years],

according to our clinical experience and the criteria

described above. Eighty patients [40 males (50 %) and 40

females (50 %), median age of 72 years] were diagnosed

with PE. Fifty-nine patients [26 males (44.1 %) and 33

females (55.9 %), median age of 69 years] were in the non-

PE group (Table 1).

D-dimer levels in the PE and non-PE groups

For the 724 CAP patients with increased D-dimer levels,

the median level was 0.91 mg/L. For the 139 patients

suspected with PE and who underwent CTPA examination,

the median level was 1.99 mg/L. For the 80 patients with

PE, the median level was 2.83 mg/L. For the 59 patients in

the non-PE group, the median level was 1.41 mg/L. The

distribution of D-dimer levels was significantly higher in

the PE group compared with the non-PE group (Fig. 1).

Risk factors for pulmonary embolism in patients preliminarily diagnosed with… 621

123



PAOI in the PE group

Sixteen (20 %), 48 (60 %), and six (7.5 %) patients were

with PAOI of 1–10 %, 10–30 %, and[60 %, respectively

(Fig. 2). Figure 3 shows that there was no significant cor-

relation between D-dimer levels and PAOI (r = 0.131,

p = 0.245).

Univariate analyses of the risk factors for PE

As shown in Table 2, there was no significant correlation

between sex and PE. However, age[60 years was a pos-

sible risk factor for PE in patients with CAP and increased

D-dimer levels (p = 0.021). A total of 87.1 % of the

patients were with comorbidities including CHD, hyper-

tension, COPD, tumor, lower limb varicosity, hyperlipi-

demia, and recently being bedridden. Having three or more

comorbidities was a possible risk factor for PE (p\ 0.05,

OR 2.53–3.54). The incidence of PE was 76.0 % for

patients with more than three comorbidities (Table 2).

Chest pain, shortness of breath, hemoptysis, and fever were

possible risk factors for the development of PE (p\ 0.05).

The incidence rate of PE was 69.1 % for patients with

shortness of breath. No significant correlation was found

between chest tightness, syncope, or lower limb swelling

and the development of PE (p[ 0.05) (Table 2). Increased

TnI, decreased PO2, and increased CRP were possible risk

factors for the development of PE (p\ 0.05). The

Table 1 Clinical characteristics of the patients

Characteristics PE (n = 80) Non-PE (n = 59)

Age, median (years) 72 69

Males, n (%) 40 (50.0) 26 (44.1)

CHD, n (%) 48 (60.0) 22 (37.3)

Hypertension, n (%) 37 (46.3) 11 (18.6)

COPD, n (%) 38 (47.5) 13 (22.0)

Diabetes, n (%) 11 (13.8) 12 (20.3)

Hyperlipidemia, n (%) 45 (56.3) 19 (32.2)

Tumor, n (%) 25 (31.3) 9 (15.3)

Lower limb varicosity, n (%) 23 (28.8) 17 (28.8)

Bedridden, n (%) 14 (17.5) 8 (13.6)

CHD coronary heart disease, COPD chronic obstructive pulmonary

disease

Fig. 1 Distribution of D-dimer levels in the PE and non-PE groups

Fig. 2 Distribution of PAOI in the patients diagnosed with PE
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incidence rate of PE was 69.0, 66.3, and 70.2 % for the

patients with increased TnI, decreased PO2, and increased

CRP, respectively (Table 2).

Multivariate analysis of the risk factors for PE

As the number of comorbidities was calculated by adding

the number of comorbidities, this factor was excluded

because it was a covariate. Therefore, the multivariate

logistic regression was performed with the other 24 vari-

ables as the independent variables, and PE as the dependent

variable. The dichotomous variables were directly included

into the regression model, while quantitative data were

stratified and then included in the model. After 21 itera-

tions, 11 variables and 1 constant term were obtained for

the regression equation (Table 3). These 11 variables

included age, CND, COPD, hyperlipidemia, lower limb

varicosity, chest pain, shortness of breath, hemoptysis,

chest tightness, fever, and TnI levels (Table 3).

Discussion

D-dimer is widely used for the preliminary screening of

PE. The incidence of embolus in the main pulmonary

artery increases significantly when the level of D-dimer

increases to[4 mg/L [14]. Previous studies have reported

that for patients with PE and D-dimer levels C4.2 mg/L,

the overall mortality rate and the incidence of life-threat-

ening PE or hemorrhage events within 15 days were sig-

nificantly higher [15]. However, the use of D-dimer is

limited as it is a non-specific biomarker. Milbrandt et al.

[16] studied 900 patients with CAP and increased D-dimer

levels, and found that the levels of D-dimer were increased

([5 mg/L) in patients with severe pneumonia, while

patients with D-dimer levels \0.5 mg/L had better

prognoses. These findings showed that increased D-dimer

levels could be found in both CAP and PE. It is important

to early identify patients with PE among the patients with

CAP and increased D-dimer levels in order to improve

their outcomes.

In the present study, 2378 hospitalized CAP patients

were studied. Seven hundred and twenty-four (30.3 %)

patients were with increased D-dimer levels. CTPA was

performed for 139 patients with suspicion of PE, and

finally diagnosed 80 patients with PE (80/2387, 3.35 %).

These 80 patients had significantly higher D-dimer levels

(median of 2.83 mg/L) than those in the non-PE group

(median of 1.41 g/L). Multivariate analysis showed that

age, CHD, COPD, lower limb varicosity, chest pain,

shortness of breath, hemoptysis, fever, and increased level

of TNI were independent risk factors for PE.

The severity of PE directly affects the prognosis of the

patients. A previous study has shown that PAOI, which is

correlated with arterial blood gas distribution, could be

used to evaluate the severity of PE [17]. Another study has

shown that PAOI was inversely correlated with PaO2;

PAOI higher than 60 % reflects more severe damages to

the pulmonary ventilation function [18]. In the present

study, prospective observation of the CAP patients who

were eventually diagnosed with PE by CTPA was per-

formed, and 7.5 % of the 80 PE patients were with PAOI

higher than 60 % (reflecting severe disease). Delayed

treatment for such patients due to misdiagnosis could result

in adverse events or even sudden death. Most (80 %) of the

patients were with PAOI lower than 30 %, suggesting that

they were with relatively mild disease, and could achieve

good prognosis after treatments.

Wiener et al. [19] have shown that the incidence of PE

was increased dramatically when CTPA was used in PE

diagnosis (by 81 %), while the mortality rate of PE did not

decrease substantially. This suggests that the use of CTPA

reveals a great number of asymptomatic, non-life threat-

ening emboli that have no clinical significance, while the

incidence of anti-coagulation-related complications is

increased greatly (by 71 %). These results suggest that the

high diagnostic sensitivity of CTPA could induce over-

diagnosis and over-treatment of PE.

Previous studies [20] have shown that several factors

including smoking, hypertension, diabetes, hyperlipidemia,

cardiac dysfunction, and COPD are risk factors for PE and

deep venous thrombosis. The findings of the present study

showed that CHD, COPD, hypertension, tumor, hyperlipi-

demia, lower limb varicosity, and a recent history of being

bedridden were independent risk factors for PE in patients

preliminarily diagnosed with CAP, in accordance with

previous studies. The present study did not find the corre-

lation between diabetes and PE; however, as only a rela-

tively small number of patients was included, the features

Fig. 3 Scatter diagram of the correlation of PAOI and D-dimer levels
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Table 2 Univariate analyses of the risk factors for PE

Independent variables n PE (n) Incidence (%) OR 95 % CI p value

Sex Female 73 40 54.8

Male 66 40 60.6 1.269 0.646–2.494 0.489

Age (years) B60 42 18 42.9

[60 97 62 63.9 2.362 1.129–4.942 0.021

CHD No 69 32 46.4

Yes 70 48 68.6 2.533 1.263–5.038 0.008

COPD No 88 42 47.7

Yes 51 38 74.5 3.201 1.503–6.818 0.002

Hypertension No 90 43 47.8

Yes 49 37 75.5 3.370 1.558–7.289 0.002

Diabetes No 116 69 59.5

Yes 23 11 47.8 0.624 0.254–1.533 0.301

Tumor No 105 55 52.4

Yes 34 25 73.5 2.525 1.076–5.924 0.030

Lower limb varicosity No 91 45 49.5

Yes 48 35 72.9 2.752 1.290–5.871 0.008

Hyperlipidemia No 65 31 47.7

Yes 74 49 66.2 2.150 1.084–4.264 0.027

Bedridden No 65 30 46.2

Yes 74 50 67.6 2.431 1.220–4.841 0.011

Number of comorbidities \3 89 42 47.2

C3 50 38 76.0 3.544 1.639–7.661 0.001

Chest pain No 68 32 47.1

Yes 71 48 67.6 2.348 1.180–4.673 0.014

Shortness of breath No 58 24 41.4

Yes 81 56 69.1 3.173 1.570–6.414 0.001

Hemoptysis No 92 46 50.0

Yes 47 34 72.3 2.615 1.225–5.585 0.012

Chest tightness No 81 46 56.8

Yes 58 34 58.6 1.078 0.545–2.134 0.830

Fever No 113 71 62.8

Yes 26 9 34.6 0.313 0.128–0.765 0.009

Syncope No 127 72 56.7

Yes 12 8 66.7 1.528 0.437–5.335 0.504

Lower limb swelling No 115 63 54.8

Yes 24 17 70.8 2.005 0.772–5.203 0.148

CRP Normal 92 47 51.10

Increased 47 33 70.20 2.257 1.069–4.763 0.031

pH Normal 104 58 55.80

Acidosis 14 11 78.60 2.908 0.766–11.039 0.149

PO2 Alkalosis 21 11 52.40 0.872 0.341–2.233 0.776

Normal 56 25 44.60

Decreased 83 55 66.30 2.436 1.214–4.886 0.011

PCO2 Normal 86 48 55.80

decreased 38 22 57.90 1.089 0.503–2.355 0.829

Increased 15 10 66.70 1.583 0.499–5.025 0.433
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of the individual patients could affect the evaluation of the

risk factors substantially, and thus could mask the effects of

diabetes.

In the present study, 77.5 % of the patients were aged

[60 years, among which 87.1 % had comorbidities. The

results showed that age[60 was an independent factor for

PE (OR 11.6). Previous studies have shown that the in-

hospital mortality rate in aged patients was 10-fold of the

rate in young patients [21]. All the patients selected in the

present study were hospitalized CAP patients. Among

patients who met the criteria for hospitalization, there were

many patients being older than 60 years and with comor-

bidities. The number of comorbidities was also shown to be

an independent risk factor for PE, suggesting that the

presence of any three comorbidities in a single patient

could increase the risk of developing PE by 3.5 folds

compared with patients with less than three comorbidities.

The mechanisms for this observation could be related to the

damages to the vascular epithelial cells, blood flow stasis,

hyper-coagulation status, and fibrinolytic dysfunction.

However, studies on these mechanisms are lacking. Lower

limb varicosity, being bedridden, and lower limb venous

dysfunction are closely associated with deep venous

thrombosis and PE [22, 23]. In the present study, we also

found that a recent history of being bedridden was an

independent factor for the development of PE.

The clinical symptoms and signs of PE are generally

non-specific, which is also the major causes of misdiag-

nosis of PE. Chest pain, dyspnea, and hemoptysis have

been acknowledged as the triad signs of PE; however,

recent studies have shown that only 20 % of the PE

patients display all three signs simultaneously [24], and

that this proportion is even lower in Chinese patients (5 %)

[21]. The findings of the present study showed that chest

pain, hemoptysis, shortness of breath, and fever were risk

factors for PE. However, these symptoms could also been

found in pneumonia, suggesting that CAP and PE share

some common signs. Rutschman et al. [25] performed a

study in patients with COPD and PE, and found that PE

patients were with higher frequency of chest pain and

syncope, while the frequency of cough was much lower.

The present study also showed that fever was an inde-

pendent risk factor for PE. Multivariate regression showed

that the OR of fever was 0.001, suggesting that fever is a

protective factor and indicating that patients with temper-

ature[38.5 �C should be considered as CAP rather than

PE, which was in accordance with previous findings [26].

Compared with pneumonia, PE could directly obstruct

the pulmonary artery to induce pulmonary circulation dis-

orders and respiratory dysfunctions, thus syncope and even

shock could be observed. Indeed, acute right ventricular

dysfunction could affect the filling of the left ventricle, and

thus reduce the cardiac output, which consequently reduces

the blood supply to cerebral arteries. In addition, PE

aggravates the cardiac load, which could result in instable

hemodynamics and arrhythmia, and thus induce syncope.

Table 2 continued

Independent variables n PE (n) Incidence (%) OR 95 % CI p value

TnI Normal 68 31 45.60

Increased 71 49 69.00 2.658 1.329–5.318 0.005

BNP Normal 97 52 53.60

Increased 42 28 66.70 1.731 0.813–3.684 0.153

FIB Normal 68 39 57.40

Decreased 21 13 61.90 1.208 0.443–3.295 0.711

Increased 37 18 48.60 0.704 0.315–1.574 0.392

CHD coronary heart disease, COPD chronic obstructive pulmonary disease, CRP C-reactive protein, PO2 partial oxygen pressure, PCO2 partial

carbon dioxide pressure, TnI troponin I, BNP brain nutriaretic peptide, FIB fibrinogen

Table 3 Multivariate analysis of the risk factors for PE in the 139

patients

Independent variables p value OR 95 % CI

Lower Upper

Age 0.007 2.225 2.225 170.771

CHD 0.037 1.134 1.134 62.664

COPD 0.002 7.232 7.232 8635.951

Hyperlipidemia 0.057 0.940 0.940 53.727

Lower limb varicosity 0.012 2.055 2.055 303.195

Chest pain 0.004 2.723 2.723 194.638

Shortness of breath 0.019 1.574 1.574 145.887

Hemoptysis 0.006 2.309 2.309 137.905

Chest tightness 0.031 1.210 1.210 59.098

Fever 0.005 0.001 0.001 0.271

TnI 0.001 4.606 4.606 238.929

CHD coronary heart disease, COPD TnI: troponin I
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Finally, PE could induce vascular vasovagal reflex and thus

induce neurocardiogenic syncope.

Several laboratory parameters including D-dimer,

homocysteine, BNP, and TnI have already been used in the

early diagnosis, risk assessment, and treatment efficacy

evaluation of PE [1–4]. The findings of the present study

showed that CRP, PO2, and TnI were risk factors for PE.

As an important marker for infection, CRP was found to be

an independent risk factor for PE in the present study

(incidence 70.2 %, OR 2.257). To our knowledge, this is

the first study reporting an association between CRP and

PE, and further studies are needed to verify this associa-

tion. Decreased PO2 was also found to be an independent

risk factor for PE (OR 2.4). The major mechanism for

inducing PE is that pulmonary ischemia could result in

increased ventilation/perfusion ratio and thus reduced PO2;

however, such mechanisms need to be further investigated

in patients preliminarily diagnosed with CAP. TnI is gen-

erally used as a biomarker for myocardial damages and

plays an important role in diagnosing, risk stratification,

treatment efficacy evaluation, and prognosis prediction of

acute coronary syndromes [27]. In patients with PE, the

occlusion of the pulmonary vascular bed will increase the

pulmonary arterial pressure, the right ventricular afterload,

and the tension of the right ventricular wall, which will

result in relatively insufficient blood supply of the myo-

cardium of the right ventricle and increase the oxygen

consumption of the myocardium of the right ventricle,

consequently inducing right ventricular ischemia. In addi-

tion, the dilation of the right ventricle will result in a left-

shift of the interventricular septum, which will reduce the

volume and ejection of the left ventricle, consequently

resulting in insufficient blood supply for myocardium to

aggravate myocardial damages. Increased TnI levels are

associated with the mortality rate of PE, and has been

regarded as an independent predictor for adverse events

[28]. In the present study, we also found that TnI was an

independent risk factor for PE; the risk of developing PE

was increased to 2.66-fold.

There are several limitations to the present study. The

sample size was small, and the use of some cut off points

(e.g. 60 years for age) could have resulted in some sub-

groups being small. Some patients died in a short-term due

to fast progression of their disease, or did not undergo

CTPA examination due to other reasons, and could not be

included. In addition, because of its high cost, CTPA was

performed only in patients with a high suspicion of PE, and

it is possible that some patients were missed. Some patients

died from CAP before measuring D-dimer levels, probably

underestimating PE incidence. Finally, some patients have

been initially misdiagnosed as CAP while they really had

PE, and other patients had both CAP and PE, leading to a

delayed diagnosis. However, the misdiagnosis rate was not

assessed in the present study. Further studies are warranted

to verify our findings.

All the patients included in the present study were

preliminarily diagnosed with CAP and with increased

D-dimer levels. On one hand, PE patients could be mis-

diagnosed with CAP due to atypical presentation; on the

other hand, patients with severe pneumonia could also

develop systemic coagulation-fibrinolytic system disorders,

which will add to the pre-existing risk factors for PE and

thus finally cause PE. Further studies are needed to clarify

the exact mechanisms. Nevertheless, the present study

proposes a useful strategy for detecting PE using D-dimer

screening. When combined with the symptoms, it allows

the identification of the patients who are most likely to

have PE. The use of this approach could reduce the use of

unnecessary and expensive diagnostic testing, and might

reduce the cost of diagnosis.

In conclusion, for hospitalized patients with CAP and

elevated D-dimer levels, PE should be considered for those

[60 years; with CHD, COPD, or lower limb varicosity;

with chest pain, shortness of breath, hemoptysis, increased

TNI, or low fever.
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