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Abstract
Pulmonary thromboembolism (PTE) is a common cause of sudden unexpected death in forensic practice
following deep vein thrombosis (DVT). It remains easy to overlook the special procedure used for the
detection of PTE during autopsies; therefore, the relationship between PTE and the associated risk factors
is in need of analysis. In the present study, 145 fatal cases of PTE found during autopsies performed
from 2004 to 2019 at the Center of Forensic Investigation of China Medical University were
retrospectively evaluated; the demographic data, risk factors, original location of DVT, and time interval
from the formation of DVT to PTE were analyzed. In addition, the difference in lung-to-heart weight ratio
between the PTE and disease-free accident groups was calculated with matching for gender and age. The
40–59 age group accounted for more than half of the total cases (51.03%). Immobilization, trauma or
fracture (especially of the pelvis, femur, tibia, or �bula), surgery, pregnancy and cesarean section, mental
disorders and the use of antipsychotics were the top 5 high-risk factors for fatal PTE. Among the victims,
92.9% (130/140) died within 60 days of the �rst exposure to risk factors. Most DVT were formed and
shed in lower limb veins, especially popliteal veins and their branches, which caused 87.6% of the thrombi
distributed in bilateral pulmonary arteries. No signi�cant difference in the lung-to-heart weight ratio was
found between the PTE and control groups. The present study provides valuable information for the
prevention and treatment of thrombosis during clinical events and may also be important for alerting
forensic examiners to conduct special PTE detection in cases with potential risk factors.

Introduction
Pulmonary thromboembolism (PTE), which refers to pulmonary circulation disorder and cardiac
dysfunction caused by deep vein thrombosis (DVT) occluding blood vessels of the pulmonary arterial
tree[1], is the third leading cause of death from cardiovascular disease[2]. Epidemiological studies show
that the mortality rate in untreated PTE patients is as high as 30–35%, and more than 10% of inpatient
deaths are related to pulmonary embolism[3, 4]. Although our understanding of the risk factors and
pathogenesis of DVT has increased over recent decades, it remains an important medical issue
worldwide due to its high mortality rate in both clinical and forensic practice.

DVT, a complex multifactorial disease with severe consequences, involves the interaction between
acquired or inherited predispositions for thrombosis and various risk factors[5]. The acquired risk factors,
which are considered the main risk factors for PTE, include injury, fracture, surgery and extended hospital
admission, cancer, in�ammatory disorders, infection, and use of female hormones[6]. These conditions
trigger one or more risk factors for DVT by inducing hypercoagulability, stasis, or vascular wall
damage/dysfunction[7]. Approximately 70% of patients with PTE have venous thrombosis of the lower
extremities and thrombosis in the veins of the upper limbs or heart[7]. The high morbidity and mortality
rates of DVT not only pose challenges related to clinical prevention and treatment but also to the
determination of forensic causes of death and the evaluation of medical disputes. Thus, a
comprehensive analysis of a large number of PTE cases would be instrumental in clinical prevention as
well as court proceedings.
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To analyze the relationship between PTE and potential risk factors, 145 cases of PTE were collected and
analyzed based on demographic data, potential risk factors, and anatomical and pathological
examination. We found that immobilization, trauma or fracture, surgery, pregnancy and cesarean section,
mental disorders and use of antipsychotics were the top 5 high-risk factors for fatal PTE. We provide
valuable information regarding demographic distribution and the potential risk factors for PTE, which
offers an important reference for the clinical prevention and treatment of PTE.

Materials And Methods
Source of data

A total of 145 autopsy cases of PTE were screened and collected at the Center of Forensic Investigation
of China Medical University from 2005 to 2019. An additional 52 disease-free, gender- and age-matched
cases of instant death due to tra�c accidents were selected as the control group. All cases were
con�rmed by thorough autopsy, histopathological examination, toxicological detection, clinical history,
and scene investigation reports. Details of the demographics, clinical diagnosis and treatment, autopsy
records, histopathological examination, and toxicological screens were collected and further analyzed.

Methods

The following information was collected from expert death reports and further analyzed: demographics
information, medical and medication history, type of injury, mental state, any other high-risk factors, time
interval from the occurrence of the potential risk factor to the PTE, and characteristics of the thrombosis.
In addition, the lung-to-heart weight ratio was compared between the PTE and disease-free accident
groups.

Statistical analysis

Data were analyzed using GraphPad Prism version 8.0.0 for Windows (GraphPad Software, San Diego,
California USA). Quantitative data are expressed as the mean ± standard deviation. Categorical data are
expressed as counts and percentages. The Chi-square test and unpaired t-test were used to analyze the
differences between the two groups. Two-tailed P values 0.05 were considered signi�cant.

Ethical statement

Procedures performed in studies involving human participants were in accordance with the ethical
standards of the Medical Ethics Committee of China Medical University. Informed consent was obtained
from all participants’ guardians.

Results
Demographics analysis of PTE cases
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A total of 145 cases were con�rmed as PTE by autopsy and histopathological examination. The age
ranged from 17 to 88 years, including 76 males and 69 females. The mean age of the victims was 51.5
years, with a mean age of 54.4 years for males and 48.4 years for females. Victims over 40 years old
accounted for the majority (113/145, 77.9%) suffering from PTE (Table 1). There were more men (68/113,
60.18%) than women (45/113, 39.82%) in the over 40 age groups (Tables 1 and 2). In contrast, women
accounted for the majority of victims under the age of 40 (14).

Risk factors

We analyzed the cases based on the main risk factors listed in Table 2. The number of PTE for each risk
factor was counted and it was found that hospitalization or immobilization, trauma or fracture, surgery,
pregnancy and cesarean section, and mental disorders and the use of antipsychotics were the top �ve
high-risk factors, accounting for 81.4%, 59.3%, 9.7%, 9.7%, and 6.2% of the cases, respectively. Moreover,
cancer (2.1%), diabetes (1.4%), electrical injury (0.7%), and no obvious risk factors (3.4%) were also
associated with some cases. For cases with the risk factor of pregnancy and cesarean section, the mean
age was 29.1 ± 5.0 (range 21–35) years. Although we calculated the frequency of occurrence of the
potential risk factors separately, the victims with PTE often possessed multiple risk factors. The number
of cases with overlapping risk factors were also counted and are shown in Table 2.

Time interval from the occurrence of the main risk factors to PTE

The interval from the occurrence of these potential risk factors to death was calculated for all 140 cases.
The time interval from the occurrence of the primary risk factors to the PTE varied from less than one day
to several months, with a peak at 8–15 days. A total of 130 (92.9%) victims developed PTE within 60
days following the occurrence of the main risk factors, suggesting a dangerous window for PTE (Figure
1a). We also analyzed cases with different risk factors separately. The immobilization or bedridden and
trauma or fracture cases are listed in Figure 1 b–d. For surgery cases, all 14 occurred within 15 days,
peaking at 2–7 days (10/14, 71.4%) (Figure 1d). For cesarean section cases, all 14 victims died within 15
days of cesarean section (Figure 1e). Regarding mental disorders and the use of antipsychotics, 5 of the
9 victims who suffered PTE had a history of antipsychotics use longer than 180 days (Figure 1f).

Size, origin, and embolism siteof the thrombi

The sources of the thrombi and the embolism site in cases involving different risk factors are shown in
Table 3. According to the forensic autopsy data, thrombi from the veins of the lower limbs, which were
mainly distributed in the femoral veins and the posterior tibial veins and their branches, accounted for
65.5% of all cases. Most of the thrombi were from the lower limbs and blocked the bilateral pulmonary
arteries (87.6%) (length, 22.7 ± 15.4 cm; diameter, 1.12 ± 0.37 cm). The second main source of thrombi
that blocked the pulmonary arteries was the pelvic veins (length, 13.92 ± 5.84 cm; diameter, 1.3 ± 0.27
cm), followed by the inferior vena cava (length, 14.83 ± 3.01 cm; diameter 1.28 ± 0.27 cm). In 5 cases,
newly formed thrombi were found in the branches of the pulmonary artery, which were also distributed
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widely in multiple veins. In many cases, no thrombi were detected in the lower limbs (Table 3) but most
had potential risk factors.

The lung-to-heart weight ratio

In forensic practice, ischemia in the anterior margin of the lung is a valuable phenomenon for the
diagnosis of PTE during autopsy. In the present study, the lung-to-heart weight ratio was calculated in 110
PTE victims and 52 age- and gender-matched accident victims. Unfortunately, there was no signi�cant
difference between the two groups (Table 3); however, the weight of the heart in the PTE group was higher
than that in the control group (data not shown).

Discussion
PTE, one of the leading causes of sudden death, is common clinically since it lacks speci�c symptoms
and is frequently accompanied by trauma and/or disease. Therefore, PTE not only poses challenges in
clinical prevention and treatment but also puts forward higher requirements for forensic pathologists in
identifying the causes of death. Here, we analyzed the characteristics of the population, risk factors,
latency, source of thrombosis, distribution of thrombi in the pulmonary arteries, and lung-to-heart weight
ratio for the forensic pathologist to determine the cause of death and analyze the relationship between
risk factors and PTE, in addition to providing a critical window for the prevention of PTE.

PTE is a complex multifactorial disease for which many genetic and acquired risk factors have been
identi�ed[1, 2, 6, 8, 9]. Among the main risk factors, surgery and extended hospital admission are
considered closely related. Various diseases, including cancer, in�ammatory disorders, and infection, are
deemed to be responsible for the formation of thrombi. In addition, the use of female hormones,
pregnancy, and puerperium increase the risk of thrombogenesis[1, 2, 6]. Traditionally, blood stasis,
hypercoagulable state, and vascular endothelial damage are considered the main reasons for
thrombosis[3]. In the present study, trauma and fracture caused by tra�c accidents or falls were the most
frequent types of injuries that induced PTE, among which, fractures of the pelvis, femur, tibia, and �bula
were most often observed (72.7%). Fractures in these areas undoubtedly lead to immobilization or being
bedridden and possibly require surgical intervention. On one hand, coagulation factors are activated due
to bleeding and extensive soft tissue damage, and in�ammatory reactions lead to increased blood
viscosity [ref]. On the other hand, prolonged immobilization causes blood stasis in the venous system of
the lower limbs[6]. Moreover, high-risk factors, such as pregnancy and cesarean section (9.7%), use of
antipsychotics (6.2%), and cancer (2.1%), were discovered in our study, in addition to other diseases and
electrical injuries also showing a correlation with PTE (Table 2); however, these were not leading
causes. Previous studies have provided evidence of a link between PTE, rheumatoid arthritis, and long-
term air travel[10, 11]; however, these risk factors were not involved in our study. Taken together, a detailed
understanding of the case by forensic pathologists and selection of potential high-risk factors will help to
reduce the probability of missing PTE, in addition to analyzing the causal relationship between risk
factors and death.
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It is estimated that the incidence of PTE is approximately 100–200 cases per 100,000 individuals, and
the risk does not differ according to gender; although, it appears to be higher in men than in women when
venous thromboembolism related to pregnancy and estrogen therapy are not considered[2, 6]. In the
present study, there were slightly more male than female cases (Table 1), which is in accordance with
previous reports. However, due to gender-dependent factors such as pregnancy and cesarean section, the
number of female cases was higher than that of male cases under the age of 40 (P<0.05) (Table 1), and
PTE following cesarean section accounted for 58.3% of female victims in this age group. This age-
dependent risk factor appears to be the detrimental factor for individuals in an age group with a relatively
low risk of PTE (age <40) (Table 1). Many factors are involved in the pathogenesis of PTE, including an
enlarged uterus and shift in global hemostatic valance to a hypercoagulable state during pregnancy,
vascular endothelial injury, and postoperative bed rest during or after cesarean section[12, 13]. Moreover,
all victims suffered PTE within a critical period of 15 days of cesarean section and, based on the autopsy
�ndings, the thrombi mainly originated from the pelvic and femoral veins. Our results suggest that 15
days after cesarean section is an essential period for PTE. In addition to the lower limb veins, the pelvic
vein is an important source of thrombi that requires detailed examination, and it is suggested that the
pelvic vein should be inspected during forensic autopsy under the circumstances of cesarean section.

Previous studies have reported a potential link between mental illness, use of antipsychotic drugs, and
PTE[10, 11, 14-16]. In the present study, victims with mental illness or antipsychotic drug use appear to
form an independent group. As shown in Table 2, we found 9 victims: 7 females and 2 males aged
47.3±7.9 years. All patients had been diagnosed with mental disorders and used antipsychotic drugs,
such as clozapine, olanzapine, and chlorpromazine, for a certain period. Dima et al. retrospectively
analyzed 23 reported cases of clozapine-related PTE and found that 87% occurred within six months[14].
In our series, as shown in Figure 1, 4 patients had taken antipsychotic drugs for less than six months and
the other �ve for 3 to more than 20 years; however, given the limitation of sample size in our study, the
relationship between the length of time taking antipsychotic drugs and PTE may not be accurately
re�ected. Nevertheless, the relationship between the use of antipsychotic drugs and DVT has been
continually revealed, with the possible reasons being attributed to the fact that: (1) the sedative effect of
antipsychotic drugs reduces the amount of exercise in patients with mental illness, thereby increasing
venous blood siltation[16]; and (2) clozapine and olanzapine can cause obesity, which is associated with
both venous stasis and hypercoagulability by decreasing �brinolytic activity, enhancing platelet
activation, and increasing levels of coagulation factors and �brinogen[10, 14, 17]. In fact, DVT has been
reported to be a psychological disease in itself, and it has even been highlighted that the effect of
antipsychotic treatment may not be the only factor leading to venous thromboembolism but psychosis
itself may play a certain role, which is supported by evidence that higher levels of p-selectin and Factor
VIII can be detected in mental patients[15]. It is noteworthy that restriction of patient posture during the
onset of mental illness appeared in some of our cases, which is an essential factor leading to venous
blood stasis and increasing the incidence of PTE. According to our autopsy �ndings, the pulmonary
arteries and venous system (especially the iliac vein, femoral vein, and posterior tibial vein) should be
paid close attention for the presence of thrombi in such cases.
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Not all PTE are lethal due to the dual blood supply to the lung. The thrombi that cause fatal PTE are often
widely distributed and obstruct at least two or more lobe arteries, which is in accordance with our �ndings
that 87.6% of cases had thrombi distributed in bilateral pulmonary arteries. During autopsy, whitening of
the leading edge of the lung, parenchymal ischemia and contraction, enlargement of the right heart
auricle, and right heart congestion can be observed[18]. However, our results show no signi�cant
difference between the PTE and control groups with respect to the lung-to-heart weight ratio (Figure 2);
although the weight of the heart in the PTE group was higher than that in the control group (data not
shown), which is consistent with the post-mortem cardiac �ndings in PTE patients reported by Aysun
Yakar et al.[19]. During forensic examination, in addition to checking the venous system of the lower
extremities to elucidate the origin of thrombi, the veins adjacent to the injured site are also essential
origins of thrombi and should not be overlooked.

Conclusion
In summary, we con�rmed multiple high-risk factors by analyzing the pre-mortem data and autopsy
results of 145 PTE cases. Moreover, we found that the key incubation period for PTE is less than 60 days
after the emergence of risk factors. These results indicate that clinical prevention and treatment should
focus on this critical period. Forensic pathologists should screen out relevant risk factors and be vigilant
regarding the occurrence of PTE in cases possessing such risk factors, in addition to conducting a
special examination of the pulmonary arteries for PTE and the possible original vessels of the thrombus.
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Tables
Table 1

The age and gender distributions of the enrolled population, *p < 0.05
Age (years) Male (n = 76) Female (n = 69) Total % P-value

< 20 0 1 1 0.69  

20–39 8 23 31 21.38 0.0004*

40–59 43 31 74 51.03  

≥ 60 25 14 39 26.90  

 
Table 2

Characteristics of involved risk factors
High-risk factor Number of

cases (%)
Cases containing
overlapping risks

Mean age
(SD)

M/F

Immobilization or bedridden 118 (81.4) 113 52.9
(14.7)

69/49

Trauma or fracture 86 (59.3) 85 57.0
(13.0)

59/27

Surgery 14 (9.7) 13 51.8
(16.0)

7/7

Pregnancy and cesarean 14 (9.7) 9 29.1 (5.0) 0/14

Mental disorders and use of
antipsychotics

9 (6.2) 3 47.3 (7.9) 2/7

Cancer 3 (2.1) 3 51.0
(12.5)

2/1

Diabetes 2 (1.4) 1 40.0
(18.4)

1/1

Electrical injury 1 (0.7) 0 46.0 1/0

No obvious risk factors 5 (3.4) - 47.1
(17.0)

2/3
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Table 3
The origin and embolism location of thrombi corresponding to a single risk factor. BP = bilateral

pulmonary artery, LP = left pulmonary artery, RP = right pulmonary artery
Risk factor Number

of cases
Thrombus origin Embolism site

Lower
limb
veins

Inferior
vena
cava

Pelvic
veins

Undetected BP LP RP

Immobilization or
bedridden

118 81 3 9 30 102 9 7

Trauma or facture 89 55 1 7 28 73 9 7

Surgery 14 9 0 1 4 13 0 1

Pregnancy and
cesarean section

14 5 0 4 5 13 1 0

Mental disorders and
use of
antipsychotics

9 7 0 0 2 8 1 0

Cancer 3 1 0 0 2 2 1 0

Diabetes 2 1 0 0 1 1 0 1

Electrical injury 1 0 0 0 1 1 0 0

No obvious risk
factors

5 4 0 0 1 4 0 1

Figures
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Figure 1

Distribution of the interval from the occurrence of risk factors to the PTE. (a) The time from the
occurrence of the main risk factors to the PTE in all cases. (b–f) The time from the occurrence of the top
�ve risk factors to the PTE.
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Figure 2

The lung-to-heart weight ratio in the PTE (P) and control (C) groups. No signi�cant difference can be
observed (P 0.05).


