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Medicolegal analysis of lethal pulmonary thromboembolism in hospitalized
patients: an autopsy-based study
Joo-Young Na1,*
_________________________________________________________________________________________

Abstract: Pulmonary thromboembolism (PTE) is lethal and is frequently associated with medical disputes. The main
objectives of this study were to clarify the medicolegal characteristics of lethal PTE.
The authors investigated 30 autopsy cases of PTE and reviewed postmortem findings and medical records.
During autopsy, 28 of 30 patients (93.3%) had thrombi in the pulmonary trunk or main pulmonary arteries, and deep
vein thrombosis of the leg was verified in 23 patients (76.7%). Death certificates were submitted in 27 cases and the cause of
death was assumed to be PTE in 10 cases (37.0%). Among 30 patients, 22 underwent surgery and various risk factors such as
immobilization, obesity, and old age were noted. The average duration from immobilization to death was 4.7 days. The duration
from admission to the occurrence of PTE symptoms was approximately 7.3 days and duration from occurrence of PTE symptoms
to death was approximately 1.9 days. The most common symptoms were dyspnea (17 patients), chest discomfort (11 patients), and
syncope (6 patients). Chest computed tomography was performed in 8 patients but PTE findings were observed only 3 patients.
D-dimers were evaluated in 6 patients and were elevated in all patients.
An appropriate observation and prophylaxis is essential in patients with risk factors for PTE and role of forensic
pathologist is important to perform an autopsy and review medical records for medical dispute about PTE.
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INTRODUCTION
Venous thromboembolism (VTE) is a thrombotic
disorder of the venous system, which includes deep vein
thrombosis (DVT) and pulmonary embolism (PTE). A
lethal PTE is interest to forensic pathologists for following
reasons: the high incidence of VTE in hospitalized
patients; the difficulty of early diagnosis due to vague
symptomatology; and the high mortality of PTE without
early diagnosis and prompt management. Furthermore
medical dispute for PTE has been increased [1] and VTE
is a major public health concern in both developing and
developed countries. PTE is difficult to diagnose when a
patient is alive, and autopsy can provide a definite diagnosis
in cases of sudden unexpected death. Sweet et al. [2] stated
that diagnosis of PTE was considered antemortem in 31%
(9 of 29) of patients. Theses sudden unexpected deaths of

hospitalized patients frequently cause medical disputes.
This study reviewed medical records in which lethal PTE
cases were diagnosed by autopsy in order to identify the
medicolegal characteristics of PTE.
MATERIALS AND METHODS
Thirty individuals of fatal PTE which was
occurred during a period of hospitalization were selected
to investigate postmortem findings and medical records.
All cases for this study underwent medicolegal autopsies
with Court’s warrant requested by the public prosecutor.
The cause of death was confirmed based on results of
medicolegal autopsies with pathologic examinations
and forensic laboratory tests. The deep veins of the legs
were investigated to clarify the origins of the thrombi.
This study investigated these 30 cases using postmortem
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findings and medical records.
In the autopsy reports, this study investigated
age, sex, body mass index, and autopsy findings including
thrombi in the pulmonary arteries and deep veins of
the legs. In addition, histopathologic examination was
performed. Causes of death on the death certificates
were also investigated to compare the antemortem and
postmortem causes of death.
This study investigated risk factors for VTE
reference, for example: age; cancer; type of surgery and
procedure; major trauma including fracture; previous
VTE or thrombophilia such as anti-phospholipid
antibody syndrome. Additionally, each patient’s clinical
course was reviewed retrospectively based on autopsy
findings. Clinical information included department
of admission; symptoms and signs; oxygen saturation
during admission; value of D-dimer; radiologic findings;
and prophylaxis and treatment of PTE.
RESULTS
Basic characteristics and autopsy findings
Thirty cases of PTE were investigated in this
study. The cases of PTE included 9 men and 21 women
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and their average age was 48.8 (range, 17-89) years.
Average subject body mass index was 27.1 (range,
16.2-38.9) kg/m2. Twenty-eight of 30 patients, on gross
examination, had thrombi in the pulmonary trunk or
main pulmonary arteries (Fig. 1A), and 2 patients had
thrombi in the pulmonary arterioles. Histopathologic
examination confirmed organized thrombi in all patients
(Fig. 1B). DVT of the legs was verified in 23 patients and
among them (Fig. 2A), 1 patient had phlebitis at the site
of DVT (Fig. 2B). Thrombi were detected in the cerebral
vein and uterine venous plexus, respectively. Underlying
venous thrombosis was not detected in 5 patients in spite
Table 1. Autopsy findings (n=30)
Thrombi
Site of thrombi in the pulmonary vasculature
In the pulmonary trunk or main pulmonary
arteries
In the pulmonary arterioles
Origin of thrombi
Deep vein of the legs
Cerebral vein
Uterine venous plexus
Not detected

Cases
28
2
23
1
1
5

B

Figure 1. Representative pathologic findings of lethal pulmonary embolism. A, Thromboemboli occluded both main pulmonary
arteries (saddle embolus) in a representative case. B, Organized thrombi are noted in the lumen of the pulmonary artery (H&E
stain, × 50).

A

B

Figure 2. Representative pathologic findings of deep vein thrombosis. A, Thrombi are noted in the lumen of the posterior tibial
vein. B, Phlebitis is noted at the site of deep vein thrombosis (H&E stain, × 50).
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of an autopsy (Table 1). Death certificates were submitted
in 27 cases and the cause of death was ascribed to PTE
in 10 cases (37.0%). The cause of death was recorded as
unknown in the remaining cases.
Risk factors for DVT and PTE
Among the 30 patients, 18 were treated in the
department of orthopedic surgery, 4 in the department
of obstetrics and gynecology, 3 in the department of
neurosurgery, and 2 in the department of internal
medicine. There was one patient each in the department
of neurology, psychiatry, and plastic surgery. Twentynine patients had various risk factors for VTE: surgery,
immobilization, obesity, and old age were frequently
observed. And there is no risk factor in 1 patient (Table 2).
Immobilization was detected in 22 patients
(73.3%). The average duration from immobilization
to death was 4.7 (range, 1-20) days. The duration from
admission to the occurrence of PTE symptoms such as
dyspnea and cheat pain was approximately 7.3 days and
duration from occurrence of PTE symptoms to death
was approximately 1.9 days. Operations were performed
in 22 cases (73.3%). Among them, operation or trauma
of the lower legs which could cause immobilization
was performed in 18 cases. Cesarean sections were
performed in 4 cases. Obesity defined as a body mass
index over 25 kg/m2, was noted in 19 patients (63.3%).
Eight patients (26.6%) were considered elderly (over 60
years old). Various comorbidities such as cerebral venous
thrombosis, anti-phospholipid antibody syndrome,
atrial fibrillation, and end stage renal disease were also
observed (Table 2).

included dyspnea (17 patients), chest discomfort and
tightness (11 patients), and headache and dizziness (6
patients). Moreover, there were other symptoms such as
chest wall pain, cold sweating, epigastric pain, back pain,
and shoulder pain (Table 3).
Electrocardiography was generally normal;
however there was tachycardia in 3 patients. Before a
respiratory attack, oxygen saturations ranged from 86%
to 99% at room air. Oxygen saturation was increased
to 98% with a supply of a small amount of oxygen
via a nasal prong or mask. Enhanced chest computed
tomography showed PTE findings only in 3 patients;
in others (5 patients), no thrombi were noted even on
the day of death. Regarding hematologic tests, D-dimer
levels were assessed in 6 patients. D-dimer levels were
evaluated on the day (2 cases), on the next day (1 case)
and 3 days (1 case) after the day of symptom occurrence
in 4 patients, respectively. And D-dimer level were
evaluated on the day of death in the remaining 2
patients. D-dimers were elevated in all 6 patients. In
particular, the D-dimers were tested on the same day in
4 patients whose chest computed tomography showed
no thrombi, and the D-dimers were elevated in all 4
patients. Range of D-dimer level was from 2,621.38 ng/
mL to more than 139,000 ng/mL (Table 3).
Thromboprophylaxis was applied in 3 patients
alone. Compression stocking was applied in 1 patients
and compression stocking and medical prophylaxis was
applied in 2 patients.
DISCUSSION

Clinical findings
Among the 30 patients, syncope was the first
symptom in 6 patients (20.0%) and 24 patients complained
of symptoms of suspected PTE, which commonly

Thirty cases were diagnosed a PTE after autopsy.
Meanwhile, among 27 cases in which death certificate was
submitted, PTE assumed as the cause of death in 10 cases
(37.0%). This result is consisted with a previous report
that the antemortem diagnosis of PTE is challenging, and

Table 2. Risk factors for venous thromboembolism

Table 3. Clinical findings

Risk factors for venous thromboembolism
Immobilization (n=22)
Operation (n=22)
Orthopedic surgery
Caesarean section
Neurosurgery for intracranial hemorrhage
Neurosurgery for spondylolisthesis
Plastic surgery
Peripartum
Comorbidities
Obesity (BMI* more than 25 kg/m2)
Old age (above 60 years old)
Congestive heart failure
Cerebrovascular accident
Cerebral venous thrombosis
Antiphospholipid antibody
Atrial fibrillation
End stage renal disease
*BMI = body mass index
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Cases
4.7 (1-20)
days
14
4
1
2
1
4
19
8
2
1
1
1
1
1

Clinical findings of pulmonary embolism
Symptoms of pulmonary embolism
Dyspnea
Chest discomfort
Syncope
Headache, dizziness
Nausea
Cold sweating
Common cold symptoms
Chest wall pain
Cold extremity
Epigastric pain
Back pain
Shoulder pain
Chest enhanced computed tomography (n=8)
Pulmonary embolism findings
D-dimer (n=6)
Elevated

Cases
17
11
6
6
4
4
3
3
1
2
1
1
3
6
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that PTE is diagnosed postmortem in many medicolegal
autopsy cases associated with medical disputes [3]. In
as many as 28 cases (93.3%), macroscopically organized
thrombi were identified in the lung, autopsy could be
considered as a gold standard procedure to diagnose
PTE. The origin of thrombi was verified in 25 of 30 cases
(DVT of the legs, 23 cases; cerebral venous thrombosis,
1 case; uterine venous plexus, 1 case). It is essential to
perform not only gross inspection, but also microscopic
examination in the autopsy of cases where PTE and DVT
are suspected. Examination for the origin of thrombi is
also required. In this study, histopathologic examinations
revealed cerebral venous thrombosis and phlebitis in the
DVT site, respectively. These are significant findings from
a medicolegal aspect in unexpected sudden death cases
due to PTE.
DVT and PTE risk factors were verified in 29 cases.
One case, for which no risk factors were noted, involved
a 17-year-old male patient who was hospitalized for
symptoms of pneumonia. There were findings of dyspnea
and elevated D-dimer, and five days after admission, he
died suddenly. There was no immobilization period in
this case, and although a genetic risk factor was suspected,
molecular testing was not performed.
Immobilization was the most common risk factor.
Furthermore, a lethal attack occasionally occurred after
only 1 day of immobilization. Lethal PTE also occurred
without immobilization in some cases. In this study, the
duration from the immobilization event, such as surgery,
to death was approximately 4.7 days, and is shorter than
observed in a previous report where embolisms developed
13 days postoperatively [4]. Duration from admission to
the appearance of PTE symptoms such as dyspnea and
cheat pain was approximately 7.3 days and the duration
from symptoms of PTE to death was approximately 1.9
days. This finding is critical considering that the delay to
PTE diagnosis in primary care exceeds 7 days [5]. And
if PTE symptoms appear, its catastrophic consequence
is eventing soon. Especially, duration from operation to
death was less than 2 days in all 4 Caesarean sections.
Twenty-two of the patients in this study (73.3%)
underwent surgery, and orthopedic surgery was the most
common. Comorbidities included obesity, old age, and
congestive heart failure. It is believed that PTE requires
special attention in such high-risk groups. In particular,
guideline on the prevention of VTE suited to the clinical
situation was proposed [6], but in most cases in this
study, the prevention of thrombi was inappropriate,
furthermore there is a large difference in the prevention
strategies employed by different medical institutions.
Clinician should have more attention about VTE.
The most frequent symptom was dyspnea and
syncope was the first symptom in 6 cases in this study.
This is compatible with previous reports that sudden
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unexpected death is the first symptom in approximately
25% of PTE cases [7], and that these sudden deaths can be
associated with sudden cardiac shock induced by massive
thromboembolism leading to progressive pulmonary
hypertension and right ventricular dysfunction [8].
However some patients complained of non-specific
symptoms, such as chest wall pain, dizziness, cold
sweating, epigastric pain, back pain, and shoulder pain.
Except for tachycardia, electrocardiography usually
showed normal findings. Oxygen saturation immediately
before a lethal attack ranged from 86-99% in room air,
and normalized with the supply of only a small amount of
oxygen. Only 3 of 8 cases showed positive findings of PTE
in an enhanced computed tomography of the chest, and 2
of the other 5 cases that showed negative findings for PTE
even had an examination on the day of the lethal attack.
On the other hand, D-dimer evaluation was performed
on the first day of symptoms, on the next day, on the third
day, and on the day of the lethal attack, and D-dimer
was elevated in all these cases. D-dimer level was more
than 2,621.38 ng/mL. Particularly in four cases, D-dimer
testing and enhanced chest computed tomography were
performed on the same day, and in 4 cases, enhanced
chest computed tomography was negative while D-dimer
was elevated. These results are consistent with a report
on the usefulness of the D-dimer test for ruling out PTE
[9]. An adequate diagnostic strategy for PTE screening
and diagnosis is required, depending on the medical
institution and the clinical probability of PTE [10].
Especially, in primary care, even if the D-dimer is less
specific, it is useful for PTE screening because of its
accessibility and cost-effectiveness [11].
As has been discussed above, death caused by PTE
can be significantly reduced by PTE awareness, taking
appropriate preventive measures, careful monitoring,
prompt diagnosis, and treatment. Not all deaths caused
by PTE can be considered medical malpractice. This
requires judgment informed by an experienced forensic
pathologist’s detailed autopsy and careful review of
medical records. Furthermore, the clinician should
always consider the possibility of lethal PTE in patients
with risk factors of VTE.
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