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Introduction

P u l m o n a r y  e m b o l i s m  ( P E ) ,  a  f o r m  o f  v e n o u s 
thromboembolism (VTE), is the major cause of VTE-
related death and accounts for approximately 100,000–
300,000 deaths annually (1,2). PE recurrence is the 
primary factor affecting the prognoses of patients with 
VTE. The recurrent VTE fatality rate in patients with a 
previous history of PE is twice as high as the rate of VTE 
recurrence in patients with a previous history of deep vein 

thrombosis (DVT) (3,4). PE recurrence decreases quality 
of life, prolongs hospitalization time, increases the risk of 
chronic thromboembolic pulmonary hypertension, and 
causes severe burden to patients and society (5,6). Thus, the 
2019 European Society of Cardiology clinical guidelines 
recommended a dose reduction in rivaroxaban or apixaban 
to prolong anticoagulation time after the initial 6 months of 
therapy. However, prolonging anticoagulation is associated 
with bleeding risk (7). Hence, the need for a better 
understanding of patients who are at an increased risk of 
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developing PE recurrence and methods for decreasing risk 
factors has recently become more urgent (8).

Right ventricular dysfunction and hemodynamic 
instability have been identified as indicators of poor 
prognosis in patients with PE (9,10). Impaired cardiac 
output,  hypoxemia,  and increased central  venous 
pressure result in elevated venous pressure and decreased 
glomerular filtration and perfusion pressure. A reduction 
in estimated glomerular filtration rate (eGFR) may be a 
significant risk factor for increased mortality in patients 
with PE. We thus hypothesized that renal dysfunction is an 
independent marker of PE recurrence (11-13). To examine 
the magnitude of the effect of renal dysfunction on PE 
recurrence, we designed a population-based retrospective 
study in Southwestern China.

We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/apm-21-36).

Methods

Overall study design

The research was an analytical retrospective study of a 
continuous population sample and was carried out jointly 
with the China Data Process & Application Platform (DPAP, 
Yidu-Cloud (Beijing) Technology Co., Ltd., China). We 
retrieved, de-identified, and utilized patient information 
from the database of the Medical Data Science Academy of 
Chongqing Medical University. The database included vital 
health information of patients from seven hospitals, with 
an estimated sample size of more than 3 million patients 
between January 1, 2017 and December 31, 2019. All 
the information on the platform was anonymous and had 
unique identify codes for privacy protection. The data were 
not open access (14). 

Patients diagnosed with PE were screened based on 
the International Coding of Diseases (ICD) [PE: ICD-10 
(I26.x)]. Computed tomography pulmonary angiography 
results were screened independently by two authors, who 
excluded studies that were not pertinent to diagnosis. 
Clinical and demographic data including sex, age, smoking 
history, surgical history, sign and symptoms, physical 
examination, predefined laboratory markers, medical 
therapies, and medical history, such as the absence or 
presence of predefined comorbidities and potential risk 
factors for the development of recurrent PE (including 
antiphospholipid syndrome, trauma or fracture history, 

and active cancer), were collected. Laboratory markers 
included C-reactive protein (CRP), d-dimer, international 
normalized ratio (INR), total cholesterol (TC), low-density 
lipoprotein cholesterol (LDL-C), and serum creatinine. 
Comorbidities included hypertension, atrial fibrillation 
(AFib), coronary heart disease (CHD), heart failure, 
diabetes mellitus, hyperlipidemia, stroke, DVT, chronic 
obstructive pulmonary disease (COPD), antiphospholipid 
syndrome, and multiple cancer (liver, lung, ovary, bladder, 
pancreas, laryngeal, and epityphlon; see Table S1 for the 
list of specific ICD codes). Data on medical treatments 
were also collected, including warfarin, antiplatelet (aspirin, 
clopidogrel, and ticagrelor), heparin (low-molecular-weight 
heparin, heparin, and nadroparin), and non-vitamin K 
antagonist oral anticoagulant (rivaroxaban, apixaban, and 
dabigatran) therapies. To minimize the effect of missing 
data, medical records were rechecked when any of the 
following occurred: follow-up by a medical provider; 
recurrent PE; arrival of December 31, 2019; or death. 
Missing data were considered to be missing at random. 
The study was conducted according to the guidelines of the 
Declaration of Helsinki (as revised in 2013) and approved 
by the First Affiliated Hospital of Chongqing Medical 
University Ethics Committee (no. 2020-282; date of 
approval: June 15, 2020). The Human Research Committee 
of Chongqing Medical University waived the need for 
informed consent.

Definition

Anticoagulation was defined as receiving any anticoagulant 
medication for more than 3 months. Recurrent PE was 
defined as any subsequent ICD-based diagnosis of PE 
occurring after the index event based on the ICD codes (8).  
The eGFR was estimated through the Chronic Kidney 
Disease Epidemiology Collaboration equation (CKD-EPI).

Statistical analysis

We conducted all statistical analyses with Stata/SE 15.1 
(StataCorp LLC, College Station, TX, USA). Normally 
distributed continuous variables are represented by mean ± 
SD, whereas non-normally distributed data are presented 
as median with interquartile range (IQR); qualitative 
variables are expressed as percentages. We investigated the 
utilization status of antithrombotic drugs in patients with 
PE. The patients were divided into two groups (the PE 
and recurrence PE groups). Demographic data, clinical 
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Table 1 Demographic and clinical characteristics of patients stratified by pulmonary embolism recurrence vs. non-recurrence

Variable No recurrence (n=310) Recurrence (n=55) P value

Demographics

Age, y 70.0 (62.0–78.0) 73.0 (65.0–81.0) 0.153

Male sex (%) 60.7 56.4 0.550a

Physical examination

Sitting SBP, mmHg 124.0 (113.0–137.0) 130.0 (118.0–142.0) 0.094

Sitting DBP, mmHg 76.0 (69.0–85.0) 80.0 (72.0–87.0) 0.222

Sitting pulse rate, beats per min 90.0 (78.0–103.0) 88.0 (79.0–100.0) 0.999

Sign and symptoms

Dyspnea (%) 53 43.5 0.232a

Chest pain (%) 13.6 14.6 0.843a

Presyncope or syncope (%) 5.5 5.5 1.000b

Hemoptysis (%) 4.2 10.9 0.039a

Swell (%) 21.3 21.8 0.930a

Medical therapies

Anticoagulation (%) 97.4 89.1 0.003a

Antiplatelet (%) 26.5 32.7 0.336a

Statin (%) 36.1 45.5 0.188a

Data are shown as medians with IQR for continuous variables with non-normal distribution and as n (%) for categorical outcomes. P 
values were based on Wilcoxon rank-sum test for all continuous variables and Pearson’s chi-squared test or Fisher’s exact test for 
categorical variables. The test use in categorical variables are presented as a for Pearson’s chi-squared test and b for the Fisher’s exact 
test. SBP, systolic blood pressure; DBP, diastolic blood pressure.

characteristics, baseline comorbidities, and laboratory 
markers of the groups were compared. A Shapiro-Wilk 
normality test was used to assess the normality of the 
distribution. The Wilcoxon rank-sum test was used for 
continuous variables while Pearson’s chi-squared test or 
the Fisher’s exact test was used for categorical variables. 
Variables with a P value <0.2 in the univariate analysis 
were included in the multivariate analysis. Multivariate 
logistic regression (MLR) analysis was used to predict the 
recurrence of PE using potential risk factors. We calculated 
the adjusted odds ratio (OR) for PE recurrence with 95% 
confidence intervals (CIs) (predictor variables of interest). A 
P value <0.05 was considered statistically significant.

Results

A total of 671 patients were retrieved from database based 
on ICD-code, while 365 patients diagnosed with PE 

diagnosed clinically and confirmed by radiographic evidence 
were included in the study, and the median follow-up 
period was 19.2 months [interquartile range (IQR), 10.6–
26.2 months]. The recurrence of PE occurred in 15.1% 
(55/365) of all patients over the study period, with a median 
time to recurrence of 3.6 months. Approximately 96% 
(351/365) of the respondents were taking anticoagulant 
medication for more than 3 months. The results obtained 
from the preliminary analysis of demographic data, sign and 
symptoms, physical examination, and medical therapies are 
presented in Table 1. The proportion of patients with PE 
recurrence who presented with hemoptysis was significantly 
higher than that of patients who did not (10.9% vs. 4.2%, 
P=0.039). The recurrent patients who presented with 
hemoptysis also had lower anticoagulation use (89.1% vs. 
97.4%, P=0.003). Of these 365 patients (16 missing eGFR 
data) in this research, 40 were with eGFR <60 mL/min per 
1.73 m2. In these 40, only two were in CKD4 (eGFR 15– 
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Table 2 Univariate analysis of relevant comorbidity and clinical data of patients stratified by pulmonary embolism recurrence vs. non-recurrence

Variable No recurrence (n=310) Recurrence (n=55) P value

Medical history

Hypertension (%) 33.9 40 0.379a

Hyperlipidemia (%) 9.7 5.5 0.314a

Deep vein thrombosis (%) 36.1 40 0.583a

Diabetes mellitus (%) 12.9 16.4 0.488a

Atrial fibrillation (%) 5.5 10.9 0.127a

COPD (%) 25.2 38.2 0.045a

Heart failure (%) 16.8 18.2 0.798a

Stroke (%) 9.7 14.6 0.276a

Coronary heart disease (%) 23.6 25.5 0.760a

Cancer (%) 15.2 21.8 0.216a

Smoking history (%) 23.9 21.8 0.741a

Surgery history (%) 25.2 34.6 0.147a

Trauma or/and fracture (%) 9.4 7.3 0.800b

Antiphospholipid syndrome (%) 0.3 0 0.673b

CTEPH (%) 1 1.8 0.481a

Laboratory values

CRP, mg/L 19.8 (6.4–68.2) 32.9 (5.6–91.3) 0.303

D-Dimer, ng/mL 3,650 (1,000–9,640) 3,400 (1,100–8,700) 0.916

INR 1.04 (0.96–1.12) 1.04 (0.98–1.15) 0.402

TC 4.36 (3.61–5.27) 4.23 (3.17–5.21) 0.271

LDL-C 2.49 (1.98–3.17) 2.48 (1.84–2.91) 0.159

eGFR category, mL/min per 1.73 m2 0.017a

≥60 (%) 90.2 78.8

<60 (%) 9.8 21.2

Data are shown as median with IQR for continuous variables with non-normal distribution and as n (%) for categorical outcomes. P values 
were based on Wilcoxon rank-sum test for continuous variables and Pearson’s chi-squared test or Fisher’s exact test for categorical 
variables. The test utilization in categorical variables are presented as a for Pearson’s chi-squared test and b for Fisher’s exact test. 
COPD, chronic obstructive pulmonary disease; CTEPH, chronic thromboembolic pulmonary hypertension; CRP, C-reactive protein; INR, 
international normalized ratio; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; eGFR, estimated glomerular filtration rate.

29 mL/min per 1.73 m2), while none were in CKD5 (eGFR 
<15 mL/min per 1.73 m2).

Table 2 displays the univariable analysis of relevant 
comorbidity and clinical data of patients stratified into PE 
recurrence (n=55) and no PE recurrence (n=310). In the 
unadjusted model, a greater proportion of patients with PE 
recurrence had COPD (38.2% vs. 25.2%, P=0.045) and 

eGFR <60 mL/min per 1.73 m2 (21.2% vs. 9.8%, P=0.017) 
compared to the no PE recurrence patients.

We  c o n d u c t e d  a  M L R  a n a l y s i s  w i t h  P E 
recurrence as the dependent variable and included 10 
independent predictor variables with a P value <0.2 
in the univariate analysis including age, SBP, AFib, 
COPD, surgery history, anticoagulation use, statin 
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use,  hemoptysis ,  LDL-c,  and eGFR <60 mL/min  
per 1.73 m2. The results of the MLR analysis on the two 
groups are shown in Table 3, as well as visually in Figure 1. 
In the MLR analysis model, the significant independent 

parameters associated with recurrent PE were eGFR with 
levels of <60 mL/min per 1.73 m2 (OR =4.061, 95% CI, 
1.471–11.209; P=0.007), COPD (OR =2.858, 95% CI, 
1.183–6.901; P=0.020), anticoagulation use (OR =0.092, 
95% CI, 0.018–0.471; P=0.004), and statin use (OR =2.461, 
95% CI, 1.104–5.488; P=0.028).

Discussion

Our analysis of 365 patients with PE using a median follow-
up period of 19.2 months indicated that eGFR <60 mL/min  
per 1.73 m2,  along with a history of  COPD, and 
anticoagulation and statin medication, is independently 
associated with a high risk of PE recurrence.

In patients with PE, VTE tends to recur similarly to PE. 
By contrast, patients who have DVT are inclined to suffer 
a relapse of DVT (15). Thus, the fatality recurrence rate 
of VTE in patients with a previous history of PE is twice 
as high as VTE recurrence after DVT (3,4). However, the 
vast majority of randomized investigations on prolonged 
anticoagulation for VTE have included DVT patients with 
or without PE (7,16,17). To the best of our knowledge, there 
are few related studies that solely focus on PE recurrence.

Chronic kidney disease (CKD)

There have been several investigations into the relationship 
between CKD and the risk of VTE. Epidemiologic studies 
on VTE have reported an increased risk for VTE in patients 
receiving dialysis, and a series of autopsy studies have 
suggested that VTE-related events are common among 
patients with end-stage renal diseases (18-21). Moreover, the 
Longitudinal Investigation of Thromboembolism Etiology 
(LITE) study outlined a relative VTE risk of 1.7 (95% CI: 
1.2–2.5) for patients with stages III–IV CKD compared with 
patients with normal renal functions (21). Another study by 
the Prevention of REnal and Vascular ENd-stage Disease 
(PREVEND) clearly defined what “renal dysfunction” 
clinically means and suggested that CKDs are significant 
risk factors for VTE (22). However, studies investigating the 
relationship between PE recurrence and renal dysfunction 
are scarce. Nonetheless, our research findings support the 
previous studies which propose CKD as an indicator of 
poor prognosis in normotensive patients with PE (23-28). 
A prospective multicenter study, El Registro Informatizado 
de Pacientes con Enfermedad TromboEmbólica (RIETE) 
showed that patients with a creatinine clearance (CrCl) 
of <30 mL/min had an increased incidence for lethal PE, 

Figure 1 Adjusted odds ratios for pulmonary embolism recurrence 
from multivariate logistic regression analysis.
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Table 3 Multivariate logistic regression analysis with associated 
odds ratios for pulmonary embolism recurrence

Variable
Pulmonary embolism recurrence

P value Odds ratios (95% CI)

Age 0.312 0.981 (0.946–1.018)

SBP 0.311 1.009 (0.99–1.027)

Atrial fibrillation 0.151 2.590 (0.708–9.480)

COPD 0.020 2.858 (1.183–6.901)

Surgery history 0.148 1.919 (0.793–4.645)

EGFR <60  
(mL/min per 1.73 m2)

0.007 4.061 (1.471–11.209)

Anticoagulation 0.004 0.092 (0.018–0.471)

Statin 0.028 2.461 (1.104–5.488)

Hemoptysis 0.084 4.147 (0.828–20.778)

LDL-c 0.096 0.679 (0.431–1.071)

SBP, systolic blood pressure; COPD, chronic obstructive 
pulmonary disease; eGFR, estimated glomerular filtration rate; 
LDL-C, low-density lipoprotein cholesterol.
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bleeding, and even death compared with patients with a 
CrCl of >30 mL/min (26). The investigators of the study 
emphasized that in renal dysfunction patients with PE the 
main threat is PE itself. On the contrary, in those with DVT, 
the main threat is bleeding.

Although the mechanism is unclear at present, an initial 
observation suggests that there may be a link between 
hemostatic factors and CKD (29). von Willebrand factor 
and factor VIII are known markers for endothelial damage 
and may explain the increased risk of VTE associated with 
impaired kidney function (30). CKD, which is associated 
with endothelial damage, may lead to increased levels of von 
Willebrand factor and factor VIII, and eventually, venous 
thrombosis.

There is another mechanism that might explain the 
potential relationship between CKD and VTE. Previous 
studies have established that proteinuria is associated with 
venous thrombosis. In our attempt to explain those CKD 
patients with an increased risk of PE recurrence from 
proteinuria, we retrieved qualitative test information for 
proteinuria in these participants from the database. The 
recurrent patients had a significantly higher incidence of 
proteinuria than the no recurrence patients (43.4% vs. 
29.1%, P=0.040). This phenomenon may be explained by 
the loss of antithrombin in the urine; however, clarifying 
this mechanism was beyond the scope of our study. 
Ultimately, our study results add to the existing evidence (a 
prediction model for PE recurrence) supporting the role of 
renal dysfunction in PE recurrence. 

COPD

We found that PE-recurrence was associated with COPD. 
However, the mechanism underlying remain less well-
defined. A previous systematic review was performed 
to determine the reported prevalence of PE in acute 
exacerbations of COPD. Among the 550 patients with 
COPD exacerbation, the prevalence of PE was 19.9% 
(95% CI, 6.7% to 33.0%; P=0.014). However, an important 
limitation of the study was its inability to determine whether 
the PE was the cause of the COPD exacerbation, a result of 
the COPD exacerbation, or a mere coincidence. Likewise, 
the same problem also exists with our results. Nonetheless, 
it was not within the scope of this study to determine the 
reasons behind this phenomenon.

Anticoagulation and adjuvant therapy 

Although oral anticoagulant therapy is undoubtedly 
useful in decreasing the risk of VTE during therapy, it 
is not helpful after the cessation of therapy, irrespective 
of therapy duration (3). According to current guidelines, 
extended or indefinite anticoagulation is recommended 
for patients with an unprovoked PE due to the increased 
risk of recurrence and the life-threatening consequences 
of a recurrent event (31). Trials on the treatment of acute 
VTE, as well as those on extended treatment beyond the 
first 6 months, demonstrated that different anticoagulant 
treatments have a similar prophylaxis efficacy of PE 
recurrence except antiphospholipid syndrome (32,33). 
However, anticoagulation inevitably increases the risk of 
major bleeding (34). Thus, practical predictive models and 
safer therapeutic options are needed. Meanwhile, statin may 
be considered as adjuvant therapy in the prevention of PE 
recurrence. Moreover, two previous published studies with a 
total of 1,224 patients, extended therapy with aspirin after a 
standard oral anticoagulation was associated with a 30-35% 
reduction in the risk of recurrence compared with placebo 
(35,36). In addition, a randomized, placebo-controlled 
study suggested that sulodexide given after anticoagulation 
reduced the risk of recurrence in patients with unprovoked 
venous thromboembolism, with no apparent increase 
of bleeding risk (37). Further research is required to 
corroborate these findings.

Furthermore, the anticoagulant gene polymorphisms 
may have implications for reducing the risk of bleeding. 
For example, the genetic polymorphisms of the CES 
such as CES1 SNP rs8192935, CES1 SNP rs2244613, 
CES1 SNP rs71647871 may cause the decrease of the 
plasma concentration, which may lead to bleeding events 
(38-40). More studies are needed to confirm the role of 
polymorphisms in genes.

Clinical significance

The results of our current study suggested that clinicians 
should be more sensitive to the recurrence of PE in patients 
with confirmed PE and impaired renal function. According 
to the 2019 ESC guideline, a reduced dose of anticoagulants 
for extended the duration of anticoagulation should be 
considered for patients with a persistent risk factor other 
than antiphospholipid antibody syndrome (7). The duration 
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of anticoagulation in these patients can be extended 
appropriately, assuming no contraindications. However, the 
eGFR ≤60 mL/min/1.73 m2 independently predicted higher 
30- and 180-day all-cause mortality and bleeding events. 
Further research on balancing the increased bleeding risk 
associated with impaired renal function and the course of 
anticoagulants is needed.

Study limitations

We acknowledge that there were some limitations in 
our study. First, screening for the inclusion of patients 
depended on the ICD code. Previous studies have shown 
that ICD coding cannot comprehensively identify all cases 
and yielded a positive predictive value of 49% for VTE (41). 
Second, some pieces of essential information are missing in 
our database. Given the potential limitations in the scope of 
access of our database to outpatient follow-up prescription 
data, it is possible that a portion of patients with no 
anticoagulation therapy actually received anticoagulants that 
were not captured in this analysis. And this could also occur 
if patients received care out of the Southwestern China or 
out-of-network, leading to missing data. Third, although 
some additional adjuvant therapies were considered, 
such as statin and aspirin, which are known to be useful 
in decreasing the risk of PE recurrence, a discrepancy in 
anticoagulation therapy duration between the groups might 
have affected the results. Furthermore, due to inadequate 
data, the PE recurrence could not be stratified according 
to the complex etiology and severity in the present study. 
Moreover, due to the inconsistent results, whether this 
active treatment of right ventricular dysfunction conveys a 
meaningful clinical benefit will require further investigation. 
Nevertheless, our research was a multicenter, real-world 
study with a long-term follow-up that produced promising 
results, and PE recurrence among patients living with renal 
dysfunction needs further attention from clinicians.

Conclusions

The results showed that renal dysfunction is associated with 
PE recurrence. Despite the relatively limited sample size 
used in this study, our work offers valuable insights into the 
implications of optimizing forecasting models. Studies with 
larger sample sizes that investigate the related mechanisms 

are still needed.
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Table S1 The specific ICD codes used in defining variables

Variable name Variable description/coded values

Study ID Study ID

Age Age of patient at the time of the pulmonary embolism

Sex 0= female | 1= male | null = unknown

Pulmonary embolism ICD codes include I26.* (any diagnosis code that starts with I.26 indicates pulmonary embolism); 1= 
positive | 0= negative

Hypertension ICD codes include I10.x*, I11.9*; 1= positive | 0= negative

Hyperlipidemia ICD codes include E78.0*, E78.5*, R77.800*; 1= positive | 0= negative

DVT ICD codes include I80.1*, I80.2*, I80.3*, I82.2*, I82.8*, I82.9*; 1= positive | 0= negative

Diabetes mellitus ICD codes include E11.1*, E11.2*, E11.4*, E11.9*, E14.9*; 1= positive | 0= negative

Atrial fibrillation ICD codes include I48.x*; 1= positive | 0= negative

COPD ICD codes include J44.0*, J44.1*, J44.9*; 1= positive | 0= negative

Heart failure ICD codes include I11.0*, I50.0*, I50.1*, I50.9*; 1= positive | 0= negative

Stroke ICD codes include I60.9*, I63.8*, I63.9*, I64.X*, I69.1*, I69.3*, I69.4*; 1= positive | 0= negative

CAD ICD codes include I21.1*, I25.1*, I25.5*, I24.9*; 1= positive | 0= negative

Renal dysfunction ICD codes include R94.4*, N17.9*, N18.8*, N19.X*; 1= positive | 0= negative

Cancer ICD codes include C18.1*, C22.0*, C22.9*, C25.1*, C25.9*, C26.9*, C34.9*, C45.0*, C56*, C67.9*, C77.1*, 
C77.9*, C78.0*, C78.1*, C78.2*, C79.3*, C79.5*, C79.8*, Z85.2*; 1= positive | 0= negative

Trauma and/or fracture ICD codes include I79.*, I76.*, X59.952, Z87.8*, Z54.4*, T93*, T92*, T91*, T02*, S82*, S72*, S62*, S52*, 
S42*, S32*, S22*, S12*; 1= positive | 0= negative

Antiphospholipid syndrome ICD codes include R79.801; 1= positive | 0= negative

Smoking history 1= positive | 0= negative

Surgery history 1= positive | 0= negative

*, any diagnosis code that starts with the code before * indicates the variable. CAD, coronary artery disease; COPD, chronic obstructive 
pulmonary disease.
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