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Abstract:

Objective Cardiovascular disease is a leading cause of sudden unexpected death even in hospitalized pa-
tients. Infectious aortitis is a rare disease that has the potential to cause aortic tears and hemorrhage followed
by sudden death. The aim of this study was to reveal the clinicopathological features of infectious aortitis
that are related to sudden unexpected death.

Methods We retrospectively reviewed 1,310 autopsy cases over 15 years and selected the cases involving
patients who died suddenly due to aortic tears. We analyzed the clinical information and pathological find-
ings.

Results One hundred thirty-three of 1,310 cases (10.2%) were autopsied under the clinical diagnosis of un-
expected sudden death. Aortic tears were identified in 33 cases (2.5%) and infectious aortitis was diagnosed
in 6 (18.2%) of these cases. All cases involved male patients (middle-aged to elderly) with risk factors for
atherosclerosis (i.e., hypertension). The laboratory data showed continuous leukocytosis and C-reactive pro-
tein elevation, even during the improvement phase, in patients with pre-existing infectious disease. The
autopsy findings revealed three types of aortic tears (aneurysms, dissections and penetrating atherosclerotic
ulcers with moderate to severe atherosclerosis), and the infiltration of numerous neutrophils at the site of rup-
ture. Gram-positive bacteria were detected in four cases and Gram-negative bacteria were detected in two
cases.

Discussion We demonstrated that sudden unexpected death caused by infectious aortitis rarely occurred in
hospitalized patients, even in the recovery phase of the preceding infectious disease. We therefore recommend
that clinicians pay attention to infectious aortitis in patients with infectious disease, particularly elderly pa-
tients with atherosclerotic disease, even those who are in the improvement phase.

Conclusion Unexpected sudden death by infectious aortitis in the recovery phase of antecedent infection.
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Table. Clinicopathological Data of Six Autopsy Cases with Infectious Aortitis.
Clinical Information Pathological Information
Case  Age, Pre-existing . . Microorganism . Microor-
o Sex Disease Past Medical History (Blood culture) Treatment Type Location ganism
1 70,M  Right purulent  Chronic subdural NA Arthroscopic  Aortic Descending GPC
knee arthritis hematoma synovectomy  aneurysm thoracic
Continuous aorta
washing
2 62,M  Pneumonia Traumatic acute NA Antibiotics Aortic Infrarenal No
subdural hematoma (iv) aneurysm abdominal  bacteria*
Posttreatment of aorta
ruputured thoracic aorta
3 70,M  Purulent Diabetes mellitus NA Antibiotics Aortic Descending  GPC
discitis Atrial fibrillation @iv) dissection thoracic
Heart failure aorta
Chronic pulmonary
embolism
4 77,M  Pneumonia Cerebral infarction NA Antibiotics Aortic Ascending GPC
Vascular dementia (iv) dissection thoracic
Hypertension aorta
Recurrent aspiration
pneumonia
5 83,M  Pyelonephritis  Diabetes mellitus Escherichia coli  Antibiotics Aortic Descending GNB
and Sepsis Hypertension (continuous) @iv) dissection thoracic
Hyperlipidemia aorta
Bladder cancer
Gastric cancer
Cerebral infarction
6 87,M Infectious Diabetes mellitus Escherichia coli  Antibiotics Penetrating Descending GPC
enteritis Hypertension (disappeared @iv) (po) atherosclerotic thoracic
Chronic kidney disease after antibiotics) ulcer aorta

Gastric ulcer
Hemorrhagic enteritis
Frostbite

+: Both phagocytized Klebsiella pneumoniae and Escherichia coli were obtained from a smear culture from the ruptured part on autopsy.

M: male, F: female, NA: not available, iv: intravenous, po: per os, GPC: Gram positive coccus, GNB: Gram negative bacillus

Introduction

Despite tremendous technological advances in health care,
the sudden unexpected death of a hospitalized patient some-
times occurs and is an important concern. The World Health
Organization (WHO) definition of sudden death is death that
is non-violent, and not otherwise explained, within 24 hours
from the onset of symptoms (1). Due to the nature of sud-
den death, several studies have shown that autopsies reveal
that physicians often incorrectly diagnose the causes of
death, particularly in cases involving the sudden unexpected
death of hospitalized patients (2, 3).

The most common causes of such a death are reported to
be cardiovascular disease including arrhythmia with or with-
out myocardial infarction, followed by hemorrhage and pul-
monary thromboembolism (4). Infectious aortitis (IA) is a
rare cardiovascular disease, especially in the age of antibiot-
ics; however, it has the potential to cause aortic tears and
hemorrhage followed by sudden death. In this study, we fo-
cused on autopsied cases of IA and analyzed the clinicopa-
thological features with the aim of preventing the sudden
unexpected death of hospitalized patients.

Materials and Methods

A retrospective clinicopathological study of cases of sud-
den death was conducted using medical records. We investi-
gated 1,310 autopsy cases that were performed in our de-
partment between 1 January 2001 and 31 December 2015.
Death was classified as sudden death when the patient died
unexpectedly within 24 hours from the onset of their clinical
symptoms. Individuals who were dead on arrival at the hos-
pital were excluded from the study. In all cases of sudden
death with aortic tears, clinical information including per-
sonal information, pre-existing disease history, treatment and
the medical investigations that were performed were ob-
tained from the patients’ medical records. Autopsies were
performed by several approved pathologists and diagnoses
were made macroscopically and microscopically using H&E
and special staining methods (i.e., Elastica-Masson and
Gram staining). The study was approved by the ethics com-
mittee of Hokkaido University School of Medicine.
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Figure 1.
tion and PAU. (A) and (B): Case 2, Aortic aneurysm. (A): The abdominal aorta shows severe athero-
sclerosis. The arrowhead shows a ruptured aneurysm. (B): A transverse section of the rupture site

The macroscopic findings of three representative patients with aortic aneurysm, dissec-

(arrowhead). (C) and (D): Case 5, Aortic dissection. (C): The descending thoracic aorta shows moder-

ate to severe atherosclerosis and laceration. The arrowhead shows entry and the arrow shows re-en-
try. (D): A transverse section of the perforation perforated site (arrowhead). Hematoma formed in
the false lumen. (E) and (F): Case 6, Penetrating atherosclerotic ulcer (PAU). (E): The descending
thoracic aorta shows moderate to severe atherosclerosis and ulceration. The arrowhead shows the
aortic tear. (F): A transverse section of the rupture site (arrowhead)

Results

In 1,310 autopsy cases during 15 years, 133 cases
(10.2%) were autopsied under a clinical diagnosis of unex-
pected sudden death. In 33 cases (2.5%) death occurred due
to an aortic tear; 6 of these cases (18.2 %) were diagnosed
as TA (Table). All 6 cases involved elderly men [average
age, 74.8 years (range, 62-87 years)] who had been receiv-
ing treatment for ongoing infectious disease. These cases in-
cluded patients with orthopedic disease (n=2), pneumonia
(n=2), urinary tract infection (n=1) and infectious enteritis

(n=1). With regard to risk factors for atherosclerosis, half of
the patients had diabetes mellitus and hypertension, while
patients (33%) had cerebral infarction. Blood culturing was
performed and positive results were obtained in two cases
(33%). Both cases were diagnosed with Escherichia coli
bacteremia. Five of the six cases (83%) were treated with
parenteral antibiotics. Case 1 was not given antibiotics but
had been treated with arthroscopic synovectomy and con-
tinuous washing. The patients’ general pre-existing disease
conditions showed improvement during treatment; however,
leukocytosis and C-reactive protein positivity continued. The
causes of the aortic tears among these 6 patients included
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Figure 2. Microscopic findings of three representative patients with aortic aneurysm, dissection

and PAU. (A)-(C): Case 2, Aortic aneurysm. (A): The overall view of the aortic wall with calcification
and abscess (arrowhead) (Hematoxylin and Eosin (H&E) staining; Loupe). (B): The same part as (A)
(Elastica-Masson; Loupe). (C): Abscess without bacteria (Gram; x400). (D)-(F): Case 5, Aortic dissec-
tion. (D): The overall view of the divided aortic wall (H&E staining; Loupe). Abscess and hematoma
were observed to have formed in the false lumen (*) and from the media to the tunica externa. The
star (5) indicates the lumen. (E): The same part as (D) (Elastica-Masson; Loupe). The aortic wall was
dissected in the media. (F): Bacterial colonies of gram-negative bacillus (arrow) in the abscess of the
false lumen (Gram; x400). (G)-(I): Case 6, Penetrating arteriosclerotic ulcer (PAU). (G): The overall
view of the divided aortic wall (H&E staining; x1.25). Numerous neutrophils were observed to have
infiltrated, and an abscess had formed in all layers. The star (%) indicates the lumen. (H): The same
part as (G) (Elastica-Masson; x1.25). (I): Bacterial colonies of gram-positive coccus (arrow) in the

hematoma (Gram; x400).

dissection [n=3 (Cases 3, 4, and 5), 50%], aneurysm [n=2
(Cases 1 and 2), 33%] and a penetrating atherosclerotic ul-
cer [PAU; n=1 (Case 6), 17%] (Fig. 1). The descending tho-
racic aorta was the most commonly affected site (67%);
other sites included the ascending thoracic aorta and the in-
frarenal abdominal aorta. The microscopic findings showed
moderate to severe atherosclerosis of the aorta, infiltration of
numerous neutrophils at the aortic wall and abscess of the
site of rupture in all cases (Fig. 2). Microorganisms were
detected by Gram staining in specimens obtained from the
rupture site in five of the six cases (Cases 1, 3-6; 83%). In
Case 2, both phagocytized Klebsiella pneumoniae and Es-
cherichia coli were obtained on autopsy from a smear cul-
ture of the site of rupture. The causative microorganisms in-
cluded gram-positive coccus (n=4, 67%) and gram-negative
bacillus (n=2, 33%). Clinically, blood cultures were positive
in two of six cases, which corresponded to the autopsy find-

ings. In one case (Case 2), an aneurysm was detected by en-
hanced CT scans, which were performed before the death of
the patient. CT, enhanced CT, MRI and magnetic resonance
angiography (MRA) were not performed in the other 5 cases
(83%) because the clinicians did not detect aortitis.

Discussion

The present study described the clinical course, laboratory
results, and histopathological findings of six sudden unex-
pected deaths of hospitalized patients that were related to
IA. Clinically, the patients were all middle-aged to elderly
men who were receiving antibiotic treatment for their pre-
ceding disease. With regard to the patients’ past history,
three of the six patients had been suffering from hyperten-
sion and four had diabetes mellitus. Although the antibiotics
worked well in the treatment of the preexisting disease, leu-
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kocytosis continued and blood cultures were positive in two
of six patients. With the exception of one case, all of the
tears occurred in the thoracic aorta. The aortic tears were
classified into three types: aneurysm, dissection and PAU
with bacterial infection.

IA has recently become a rare because of the develop-
ment of antibiotics. Normally, the aortic intima is resistant
to infections; however, atherosclerosis, cystic necrosis of the
tunica media, or trauma can reduce the resistance. Other risk
factors for aortic infection include diabetes, alcoholism, can-
cer, pre-existing aneurysm, vascular malformation, medical
devices and immunosuppressive therapies (5-7). When it oc-
curs, the mortality rate of ruptured IA is reported to be ap-
proximately 90% (8).

Various microorganisms have been associated with IA,
with the most common being Staphylococcus, Enterococcus,
Streptococcus and Salmonella species (9). Clinically, blood
microorganisms are reported to be detectable 50% to 85%
of cultures from patients with IA; the rate in cultures of
surgically-excised aortic tissue from [A patients is reported
to be up to 76% (10, 11). In our study, clinicians detected
microorganisms before death in two of six cases (33%). It
might be difficult to detect microorganisms during antibiotic
treatment. Most cases of [A are reported to be caused by
gram-positive bacteria. However, while IA rarely occurs due
to infection with gram-negative bacteria, gram-negative in-
fection is associated with a higher incidence of rupture lead-
ing to death in comparison to gram-positive bacteria (72%
vs. 25%, respectively) (10). The high rate of mortality in
patients with gram-negative bacteria-related aortitis may be
related to the differences in the proteolytic activity of gram-
negative and gram-positive bacteria (12).

Aortic aneurysm is defined as the dilation of the circum-
ference of the local aorta. In thoracic aortic aneurysms, the
diameter is dilated to >4.5 cm, while in abdominal aortic
aneurysms, the aorta is dilated to >3 cm. Aortic dissection is
defined as the condition in which the aortic wall is separated
in the media and forms a dual chamber. PAU is defined as
an atherosclerotic lesion with ulceration that penetrates the
internal elastic lamina and which allows for hematoma for-
mation within the media of the aortic wall (13). Microscopi-
cally, the following features were commonly found: 1)
atheroma from the intima to the tunica media; 2) high de-
struction of the elastic fiber in the tunica media; 3) failed
smooth muscle cells in the tunica media; and 4) the infiltra-
tion of T cells and macrophages. In addition to these fea-
tures, other common findings included: 1) infiltration by nu-
merous neutrophils; 2) necrosis or abscess; and 3) bacteria
around the area of rupture or perforation (14, 15).

In Japan, 226,567 autopsies were conducted from 2001 to
2013, and ruptured aortic aneurysms or aortic dissection
were identified in 3,621 cases (2.5%). Although epidemi-
ological investigations have revealed that environmental fac-
tors such as ambient temperatures also contribute to the on-
set of cardiovascular disease and mortality, no relationship
between geographic location and the incidence of aortic rap-

ture has been reported. Furthermore, IA has not been re-
ported as a cause of rupture or dissection (16). Indeed, it is
reported that infectious aortic aneurysms account for only
0.5% to 1.3% of all aortic aneurysms (9, 17, 18). The inci-
dence of IA related to sudden unexpected death in our de-
partment was similar to that of previous reports; however,
the patterns of aortic rapture were different. In this study,
dissection and aneurysm were diagnosed in three of six
cases (50%) and two of six cases (33.3%), respectively,
while PAU was diagnosed in one case. In cases of infectious
aortic aneurysm, the rapid enlargement of the aorta can be
observed by CT or MRI; however, cases of sudden dissec-
tion and PAU may lack the typical findings. Although it
may be more difficult to detect PAU by CT or MRI (in
comparison to aneurysm or dissection), in cases in which IA
is suspected from an earlier period, the patient can be ex-
pected to survive after successful operations with intense an-
tibiotic treatment.

In conclusion, sudden unexpected death associated with
IA rarely occurs in hospitalized patients and-in the clinical
setting-it may be difficult to detect in patients with dissec-
tion or PAU. Thus, clinicians consider the possibility of TA
in patients with infectious diseases, particularly elderly pa-
tients with atherosclerotic diseases-even in the recovery
phase-and examine the patients using enhanced CT or MRL
If clinicians are aware that aortic tears due to IA are a cause
of unexpected sudden death, then the incidence of such
deaths in hospitals may be reduced by careful patient man-
agement.
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