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Objectives: Acute Aortic dissection (AAD) may present as out-of-hospital cardiac arrest (OHCA). However, the
incidence of this presentation is not well known. Our aim was to perform a systematic review and meta-analysis
of all observational studies reporting on the incidence of AAD in patients with OHCA.

Methods: We searched MEDLINE, CENTRAL, PsycInfo, Web of Science Core Collection and OpenGrey databases
from inception to March-2021, for observational studies reporting on the incidence of AAD in patients with
OHCA. Data was pooled using a random-effects model of proportions. The primary outcome was the incidence of
AAD in OHCA patients. Secondary outcomes were the incidence of type A aortic dissections (TAAD) and type B
aortic dissections (TBAD) in OHCA patients, overall mortality following AAD-OHCA and risk of death in AAD-
OHCA patients compared to risk of death of non-AAD-OHCA patients.

Results: Fourteen studies were included. The pooled calculated incidence of OHCA due to AAD was 4.39% (95 %
CI: 2.55; 6.8). Incidence of OHCA due to TAAD was 7.18% (95 %CI: 5.61; 8.93) and incidence of OHCA due to
TBAD was 0.47% (95 %CI: 0.18; 0.85). Overall mortality following OHCA due to AAD was 100% (95 %CI: 97.62;
100). The risk of death in AAD-OHCA patients compared with non-AAD-OHCA patients was 1.10 (95 %CI: 0.94;
1.30).

Conclusion: AAD as a cause of OHCA is more frequent than previously thought. Prognosis is dire, as it is invariably
lethal. These findings should lead to a higher awareness of AAD when approaching a patient with OHCA and to
future studies on this matter.

1. Introduction experience out-of-hospital cardiac arrest (OHCA) and most of them do

not survive the event. Up to this point, there are few studies on AAD

Acute Aortic dissection (AAD) is a serious and potentially life-
threatening condition, that usually occurs without any warning signs
[1]. Current literature on this topic describes mainly patients who are
stable enough to progress either to surgery or to an intensive care unit
(ICU) [1]. However, a significant number of patients with AAD

patients presenting as OHCA, with its epidemiology and patient char-
acteristics remaining mostly unknown [2]. Recent studies have sug-
gested that its incidence is higher than previously reported [3,4]..
Diagnosing AAD as a cause of OHCA poses a clinical challenge due to
several reasons. Typical clinical presentation is not present in most
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cases, oftentimes resembling other relevant causes of OHCA [2]. Some
patients who experience AAD share similar characteristics (male sex,
age > 40, hypertension) with myocardial infarction (MI) patients, the
leading cause of OHCA [1]. Additionally, some patients are declared
dead before they arrive at the hospital, with no definitive diagnosis
being made [5]. Even those who survive transport to the hospital are
usually too unstable to perform a confirmatory diagnostic procedure,
such as a CT-angiography [1]. For these reasons, diagnosis of AAD as a
cause of OHCA is often missed [2] and its incidence is not clear [4].

Greater insight in this subject becomes increasingly important, in
order to assist with clinical decision-making. While the prognosis of AAD
as a cause of OHCA is currently dire [6], only the comprehensive
knowledge of its incidence can lead to successful clinical pathways in the
management of these patients.

The aim of this study was to perform a systematic review and meta-
analysis of observational studies reporting on the incidence of AAD in
patients presenting with OHCA.

2. Methods
2.1. Protocol and registration

The review followed and complied with the PRISMA [7] and MOOSE
guidelines [8] and has been registered in the PROSPERO database
(CRD42021228950).

2.2. Eligibility criteria

Observational studies describing the incidence of AAD in patients
with OHCA were included. Any type of aortic dissection was accepted.
We accepted studies based on “out-of-hospital cardiac arrest” patient
samples using cross-sectional, case control, or cohort studies, studies
based on administrative, and studies based on autopsy information if
they provide incidence estimates of AAD at institutional, multi-
institutional or national/sub-national level. There was no date, publi-
cation type or language restrictions. Papers were excluded if they re-
ported on the same population at the same time-period (in order not to
duplicate events), if specific and independent information was not given
regarding aortic dissections, if the population considered was not
exclusive regarding OHCA, except if we could extract the data specific to
OHCA patients alone. We excluded studies who focused only on pedi-
atric patients. If studies included both children and young adults, they
were included. We excluded patients with sudden death if data on OHCA
patients was not provided or autopsy reports not related to OHCA pa-
tients. If studies reported on convenience samples, they were excluded
from the primary analysis and included in the sensitivity analysis to
lower the risk of referral bias, for example.

2.3. Information sources and search methods

We searched MEDLINE, CENTRAL, PsycInfo, Web of Science Core
Collection and OpenGrey databases from inception to March 2021.
Specialists were consulted and references were cross-checked for po-
tential additional studies.

The search strategy is detailed in the supplementary data (Supple-
mentary data 1). The yielded search results were cross checked, and the
duplicates eliminated.

2.4. Study selection, data collection process and synthesis

Two reviewers (RGM;CM) independently screened the titles and
abstracts yielded by the search, with disagreements resolved through
consensus or by a third reviewer (DC) serving as final arbitrator. The full
reports for all references that appeared to meet the inclusion criteria or
where there was any uncertainty were obtained. Three reviewers (RGM;
CM;MA) independently read full text reports and determined whether
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these met the inclusion criteria, with disagreements being resolved
through consensus or by a fourth reviewer (DC) serving as final arbi-
trator. Additional information was requested from study authors, when
needed, to resolve questions about eligibility. Motives for exclusion
were registered. References were cross-checked to look for further
appropriate studies and an expert was consulted to add any relevant
study not previously included.

Three reviewers (RGM;CM;MA) individually extracted study data
onto a pre-piloted form and uploaded into a sheet following confirma-
tion of agreement of the data.

The data extracted included: study publication data (authors, jour-
nal/year of publication); study design; settings; inclusion and exclusion
criteria; participant demographics; number of participants; case defini-
tion of OHCA and AAD; methods of obtaining the data and outcome
results.

AAD and sub-type definition were used according to the defined in
each study, except for traumatic aortic dissections which were not
included. We considered OHCA as defined in each study, however for
the purpose of this study we only included patients with intrinsic causes
of OHCA, and thus excluded patients who had an arrest due to extrinsic
causes, such as trauma, drowning, drug overdose or suicide attempt [9].

The primary outcome was the incidence of patients who developed
OHCA due to AAD. Incidence of AAD in OHCA patients was calculated
using the number of AAD as the numerator and the total number of
OHCA patients (excluding extrinsic causes) as the denominator during
the study length.

The secondary outcomes were the estimates of the incidence of
different types of AAD (TAAD and TBAD) in patients with OHCA, overall
mortality following OHCA and difference in mortality in patients with
OHCA due to AAD compared to OHCA due to other intrinsic causes.
Furthermore, sensitivity analysis was performed analyzing differences
among the age subset of patients (studies of children and young adults
versus adult only), study designs (autopsy, registries using imaging or
purely clinically driven diagnosis), geographic regions, year of publi-
cation and risk of bias (ROB).

2.5. Risk of bias

We used the tool developed by Hoy et al. [10] to assess for ROB
analyzing both external and internal validity (supplementary data 2).

Two authors (RGM and CM) independently assessed every included
paper. The overall ROB for each study was divided as high or low risk,
with high risk being those studies in which at least two items were
assessed at a high ROB, or three or more items had a rating of unclear.

“Small study effect” was assessed through Egger test in addition to
visual inspection of funnel plot asymmetry. Leave-one-out meta-analysis
was also performed.

2.6. Statistical analysis

Quantitative analysis was performed when appropriate using STATA
16 (StataCorp. 2019. Stata Statistical Software: Release 16. College Sta-
tion, TX: StataCorp LLC) to perform meta-analysis and derive forest
plots.

The results yielded by the data extraction were expressed in fre-
quency. The incidence data was directly extracted from the paper and
defined as the number of AAD as the numerator and the total number of
OHCA patients (excluding extrinsic causes) as the denominator, ac-
cording to the following formula:

Incidence = [NumberOHCAduetoA.-(Total. NumberofOHCApatientsanalysed
(Excludingextrinsic x 100))]

The data was subjected to Freeman-Tukey transformation (double-
arcsine transformation) to avoid negative incidence in the confidence
interval(CI), limiting the CI among 0-100% [11]. A random-effects
model was used to pool the data to account for the heterogeneity of
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the included studies such as the difference in designs [12]. Statistical
heterogeneity was assessed using 12.13

Sensitivity analysis was performed regarding study designs (regis-
tries, autopsy studies, studies using CT for diagnosis), age of the patients
analyzed, date of publication, geographical area (divided by continent)
and according to ROB assessment.

3. Results
3.1. Included studies

The electronic database yielded 647 articles. After title/abstract re-
view, 165 papers were evaluated in full text. Of these, 14
[3,4,6,9,14-23] were included in the qualitative and quantitative syn-
thesis (Fig. 1). Out the 14 studies, 2 studies only analyzed children and
young adults [15,21], and only 4 studies analyzed sub-types of AAD
[4,6,16,8]. The reasons for exclusion of the remaining 151 papers are
detailed in Fig. 1.

Records identified through database
scarching
(n=647)

Identification

(n=0)
Records excluded
‘ > (n=482)
—

oy
-
g
E Records screened
g (n= 647)
Full-text articles assessed for eligibility
(n= 165)
z
]
L
(]
Studies included in qualitative synthesis
(n=14)

m l

Studies included in quantitative synthesis
(meta-analysis)
(n=14)
e 2 Studies only report children
and young adults
4 Analyze subtypes of Acute
Aortic Dissections

Included
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3.2. Study characteristics and demographic data

Study details and extracted data from the paper are detailed in Ta-
bles 1 and 2, respectively. Studies reported data from 1972 to 2019, with
publications ranging from 2006 to 2020. Overall, 538 OHCAs occurred
due to AADs in a total of 9475 OHCA due to intrinsic causes. Nine studies
reported on Asian cohorts (7 from Japan, 1 Taiwan and 1 South Korea)
[6,9,16-18,20,22,23], 2 studies reported on European cohorts (Ger-
many and Czech Republic)[11,13] and 3 other studies were from the
American continent (2 from USA and 1 from Canada) [15,19,21].

Study design and data collection method varied, ranging from review
of medical records, autopsy charts, transesophageal echocardiography,
emergency CT-scan, postmortem CT-scans and death -certificates
(Table 1).

Only 4 studies gave independent data on types of aortic dissection
[4,6,16,18]. One study [6] performed a comparative analysis of patients
who developed OHCA due to acute aortic dissections (AAD- OHCA) with
non-AAD OHCA patients and found no significant differences between
both groups. Another study [16] performed a similar comparison but
also included rupture of aortic aneurysms in the comparative arm

Additional records identified through
other sources

Full-text articles excluded
(n=151)

e Studies evaluating the same
population (n=7)

e Duplicated studies (n = 4)

o Wrong study designs (n = 20)

o Wrong outcomes (n = 120)

Fig. 1. PRISMA flow diagram.
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Table 1
Study characteristics.
Author Geographic Year(s) of Study design and data retrieval ~ Data collecting method for AAD cases Patients Age -mean  Male
(year) location (country/  inclusion methods reported (SD) sex
city or county) (%)
Adler et al Cologne, Germany  2014-2017 Cohort study, retrospective, Clinical analysis, angiography, CT Scan Patients > 54,7 (15) 82.9
(2018) single-center 18 year-old)
Allan et al Toronto, Canada 2009-2012 Cohort study, population- Hospital records and coroner investigative Patients 35(9.3) 70.3
(2017) based, retrospective, statement and autopsy reports aged 2-45
multicenter (Rescu Epistry years old
Cardiac Arrest Database)
Pleskot et al East Bohemia, 2002-2004 Cohort study, prospective, Autopsy findings, clinical course and Patients 66 (13) 74,1
(2006) Czech Republic multi-center complementary examinations aged
between 16
and 97
Jitsuiki et al Izunokuni, 2012-2017 Cohort study, retrospective, CT Scan Patients > NR NR
(2017) Shizuoka, Japan single-center 10 years old
Kim et al Wonju, South 2002-2005 Cohort study, retrospective, Transesophageal echocardiogram Patients > Median 57.8
(2020) Korea single-center (convenience sample) 20 years old (IQR):71
21
Moriwaki et Yokohama, Japan 2002-2005 Case series study, population- Clinical records and perimortem CT NR NR NR
al (2013) and based, retrospective, single-
2007-2010 center
Takeuchi et Kyorin, Tokyo, 1972-1998 Cohort study, retrospective, CT-Scan Patients > NR NR
al (2020) Japan single-center 17 years old
Tanaka et al Sapporo, Japan 2002-2014 Cohort study, retrospective, CT and Perimortem CT NR NR NR
(2016) single-center
Tseng et al San Francisco, 2002-2014 Cohort study, prospective, Autopsy Patients 62.8 69
(2020) California, USA multi-center (All consecutive aged 18-90 (14.5)
San Francisco County out of years old
hospital cardiac arrest deaths)
Yang et al Taiwan 2006-2019 Cohort study, retrospective, CT Scan (first clinical evaluation after ECPR) ECMO 54.7 90.3
(2020) single-center patients > (12.2)
18 years old
Meyer et al King County, 1980-2009 Cohort study, retrospective, Origin was determined from all available Patients 25.1 70.6
(2012) Washington, USA population-based, multi-center information, including emergency medical aged 0-35 (10.1)
services incident reports, autopsy reports, years old
death certificates, and hospital records when
available, and a specific cause of OHCA was
determined for each case
Otani et al Osaka, Japan 2009-2016 Cohort study, retrospective, Clinical findings Patients > NR NR
(2017) single-center 16 years old
Yoshidaetal  Kanto Region, 2012-2012 Cohort study, retrospective, Clinical records Patients > NR NR
(2016) Japan multi-center (prospectively 17 years old
collected data from the SOS-
Kanto Registry study)
Kobayashi et  Chiba, Japan 2006-2011 Cohort study, retrospective, Clinical records among patients with precise ~ Patients > NR NR

al (2013) single-center

diagnosis of OHCA 14

Legend: Study characteristics. AAD: acute aortic dissection; TBAD: type B aortic Dissection; TAAD (type A aortic dissection); CT: Computer Tomography; NR: Not

Reported; USA: United States of America.

alongside aortic dissections. In this study, patients with OHCA due to
aortic disease tended to be female and to have a pulseless electric ac-
tivity (PEA) as the initial rhythm, a higher rate of emersion to PEA
during resuscitation and higher mortality.

Specific data on AAD-OHCA patients mortality was only present in 7
studies [4,6,9,16,18,21,23]. The majority of studies analyzed adult pa-
tients (10 studies), however, two studies analyzed both children and
young adults [15,21].

3.3. Risk of bias

Eleven studies were considered to have a high ROB (supplementary
data 3). Three studies [15,20,21] had a high risk of selection bias due to
only including children and young adults [15,21] or due to a specific
population (ECMO patients) [20].

The gold standard for diagnosis of aortic dissection is a CT-
angiography, with transesophageal echocardiogram also having high
sensitivity and specificity. Seeing as only 5 studies [4,6,16,18,20] used
these diagnostic modalities in every patient, a high ROB regarding the
accuracy of the diagnosis was present in the remainder of patients
(except for the Tseng et al. study [19] which performed confirmatory

autopsies in all patients). In the Kim et al. study [6], the authors report a
convenience sample of OHCA patients who did not regain spontaneous
circulation after prolonged CPR and underwent TEE during standard
CPR in the emergency department (ED). Due to this study design, a high
probability of referral bias needs to be accounted for. For this reason,
this study [6] was excluded from the primary outcome analysis and
included in the sensitivity analysis.

Publication bias analysis regarding small study effect was analyzed
using the Egger test, which was non-significant (p = 0.66) — Supple-
mentary data 4. Leave-one-out meta-analysis did not show a significant
difference in the overall pooled result (maximum variation found was
0.49% when the Moriwaki et al. study [17] was excluded).

4. Primary outcome
4.1. Overadll incidence of AAD in OHCA patients
The pooled calculated incidence of OHCA due to AAD was 4.39%

(95 %CI: 2.55; 6.8; = 95%; 528 AAD/ 9430 intrinsic OHCA patients;
13 studies [3,4,9,14-23])-Fig. 2.
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Table 2
Aortic Dissection Patients Characteristics.

1JC Heart & Vasculature 38 (2022) 100934

Author Number of Number of Number of Number of  Mean age Mean age (SD) Sex (%male) Sex (% male) Survival rate
(year) OHCA due to OHCA due to OHCA due to OHCA (SD) of AAD of non-AAD of AAD of non-AAD (AAD/ non-AAD
AAD TAAD TBAD patients patients patients patients OHCA)

Adler et al 1 NR NR 70 NR NR NR NR NR / NR
(2018)

Allan et al 13 NR NR 971 NR NR NR NR NR / NR
(2017)

Pleskot et al 7 NR NR 560 NR NR NR NR NR / NR
(2006)

Jitsuiki et al 44 41 3 455 NR NR NR NR 0% / 3.9%
(2017)

Kim et al 10 5 5 45 75(70-75) 69(58-81) 50.0 60 0/ 8,6%
(2020)

Moriwaki et 149 NR NR 1303 NR NR NR NR NR / NR
al (2013)

Takeuchi et 71 66 5 934 78 (8) NR 34.8 NR 4.2% / NR
al (2020)

Tanaka et al 27 26 1 456 77 (13) NR 70 NR 11.1% / 34.7%
(2016)

Tseng et al 14 NR NR 525 NR NR NR NR NR / NR
(2020)

Yang et al 7 NR NR 93 NR NR NR NR NR / NR
(2020)

Meyer et al 2 NR NR 314 NR NR NR NR 0% / 29,5%
(2012)

Otani et al 118 NR NR 1375 NR NR NR NR NR / NR
(2017)

Yoshida et al 71 NR NR 2253 NR NR NR NR 0% / NR
(2016)

Kobyashi et 4 NR NR 121 NR NR NR NR 0% /47.1%
al (2013)

Legend: Study characteristics. AAD: acute aortic dissection; TBAD: type B aortic Dissection; TAAD (type A aortic dissection); CT: Computer Tomography; NR: Not

Reported; USA: United States of America.

Table 3
Sensitivity analysis.

Primary analysis

Including Kim et al study

Only children and young adult studies

Excluding children and young adult patient
studies

Only studies who had anatomic imaging in all
patients (CT or echocardiography)

Only autopsy studies

Only studies after 2015
Studies before 2015

Prospective studies
Retrospective studies
Single-center
Multi-center

Asia

Non-Asian

Non-Asian Adult Studies

Excluding studies with high overall risk of bias

Excluding studies with high risk of selection
bias

Prevalence in Patients Examined Alive with
either CT or Echocardiography

Prevalence in Patients Examined After Death
with Autopsy or Post-Mortem CT

Prevalence of OHCA due to AADs

4.39% (95 %Cl: 2.55; 6.68; 12 95%)
4.91% (95 %CI: 2.95; 7.31; 12 95%)
1.12% (95 %CI: 0.60; 1.90; I? 0%)
5.32% (95 %CIL: 3.29; 7.78; 12 94%)

8.27 % (95 %CI: 5.86; 11.01; ?
81%)

Only one study (Tseng et al) —
2.67% (children and young adults)
5.58% (95 %CIL: 3.41; 8.23; 12 94%)
3.28% (95 %CI: 0.03; 10.60; 12
98%)

1.89% (95 %CI: 0.74; 3.52; 12 64%)
4.99% (95 %CI: 2.86; 7.63; 12 95%)
7.45% (95 %CL: 5.75; 9.34; 12 77%)
1.78% (95 %CI: 0.95; 2.85; 12 79%)
7.66% (95 %CL: 5.10; 10.67; I
94%)

1.35% (95 %CI: 0.78; 2.04; I 31%)
1.70% (95 %CI: 0.81; 2.86; 12 24%)
7.4% (95 %CL: 2.75; 14.09; I 96%)
6.28% (95 %Cl: 4.00; 9.01; 1% 95%)

7.56% (95 %CI: 4.48; 11.31; I*
85%)
5.36% (95 %CI: 2.11; 9.96; I* 91%)

Legend: AAD: acute aortic dissection; OHCA: Out of Hospital Cardiac Arrest;

ROB: Risk of Bias.

5. Secondary outcomes

5.1. Overall incidence of TAAD and TBAD in OHCA patients

The pooled calculated incidence of OHCA due to TAAD was 7.18%

(95 %CI: 5.61; 8.93; 2= 46%; 133 TAAD/ 1845 intrinsic OHCA pa-
tients; 3 studies [4,16,18])-Fig. 3A. The pooled calculated incidence of
OHCA due to TBAD was 0.47% (95 %CI: 0.18; 0.85; = 0%; 9 TBAD/
1845 intrinsic OHCA patients; 3 studies [4,16,18])-Fig. 3B.

5.2. Overall mortality following AAD

Overall mortality following OHCA due to AAD was 100% (95 %CI:
97.62; 100; 12 = 40%, 7 studies [4,6,9,16,18,21,23])-Fig. 4.

5.3. Risk of death of OHCA due to AAD vs. non-AAD OHCA

When compared to other causes of intrinsic OHCA, although there
was a trend towards a higher mortality in AAD-OHCA patients, this
difference was not significant-RR 1.10 (95% CI: 0.94; 1.30; 2 = 0%, p=
0.8, 5 studies [3,4,6,9,20])-Fig. 5.

5.4. Sensitivity analysis (Table 3)

When we included the study by Kim et al. study [6], which was
considered to have an unacceptably high risk of referral bias, we
observed an increase in incidence (4.91% versus 4.39%). Excluding
studies in which children and young adults were included [15,21] lead
also to an increase in incidence [5.80% (95 %CI: 3.75;8.47)].

If only studies in which clear imaging diagnostic modalities (CT and
echocardiography) were performed in every patient [4,6,16,18,20 ]
were analyzed, the incidence of OHCA due to AAD was also found to be
higher [8.27% (95 %CI: 5.86; 11.01)].

We also analyzed studies where patients performed either a CT or
echocardiography before death [4,6,14,18,20] and the incidence was
found to be 7.56% (95 %CI: 4.48; 11.31; I? 85%), while in studies where
the patients were diagnosed with either autopsy [19] or post-mortem CT
[16,18] had an incidence of 5.36% (95 %CI: 2.11; 9.96; 12 91%). Only
one study [18 analyzed both pre and post-mortem patients with CT, and
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Incidence of AAD in OHCA patients

Percentage %
Author (Year) (95% Cl) Weight
Takeuchi, et al (2020) e 7.60 (6.07, 9.48) 8.24
Yang et al (2020) o 7.53 (3.69, 14.73) 6.28
Adler et al (2018) &> 1.43 (0.25, 7.66) 5.79
Tseng et al (2018) —+—i 2.67 (1.60, 4.43) 8.02
Allan et al (2017) —— | 1.34 (0.78, 2.28) 8.25
Jitsuiki et al (2017) E * 9.67 (7.28, 12.73) 7.95
Otani et al (2017) —— 8.58 (7.21, 10.18) 8.33
Tanaka, et al (2016) —'—0— 5.92 (4.10, 8.48) 7.95
Yoshida et al (2016) —— 3.15 (2.51, 3.96) 8.41
Moriwaki et al (2013) E —_— 11.44 (9.82, 13.28) 8.32
Kobayashi et al (2013) * : 3.31 (1.29, 8.19) 6.69
Meyer et al (2012) —— i 0.64 (0.17, 2.29) 7.71
Pleskot et al (2006) —— 1.25 (0.61, 2.56) 8.05
Overall, DL (12 = 95.3%, p = 0.000) <> 4.39 (2.55, 6.68) 100.00

I
0o 1 2

NOTE: Weights are from random-effects model

1 T T T 1 1
3 4 5 6 7 8 9 10 11 12 13 14 15

Fig. 2. Pooled incidence of acute aortic dissection (AAD) in patients with out-of-hospital cardiac arrest (OHCA) in observational studies. Data is expressed as the
percentage of OHCA due to AAD, with respective 95% confidence interval (CI). Result: 4.39% (95% CI: 2.55; 6.8; I? 95%).

out of the 27 dissections found, 5 were found before death and 22 after.

Studies after 2015 [4,6,9,14,15,16,18-20,22] also reported higher
incidence rates (5.58% versus 3.28%).

In addition, Asian studies [6,9,16-18,20,22,23] reported higher in-
cidences when compared to other geographic areas (7.66% versus
1.70%).

When studies with a high ROB [3,4,6,9,14,15,18,20-23] were
excluded, the incidence increased (7.40% versus 4.39%), the same
occurred when studies with a high risk of selection bias [6,14,20,21]
were excluded (6.28% versus 4.39%).

6. Discussion

The main findings of this review were: (1) the incidence of AAD in
OHCA patients was 4.39% (95 %CI: 2.55; 6.68); (2) the incidence of
TAAD in OHCA patients was 7.18% (95 %CI: 5.61; 8.93), (3) the inci-
dence of TBAD in OHCA patients was 0.47% (95 %CI: 0.18; 0.85) and (4)
the overall mortality following AAD in OHCA patients was 100% (95 %
CIL: 97.62; 100.00).

During resuscitation, the cause of cardiac arrest is often unknown,
making it difficult to make decisions regarding diagnostic procedures
and treatment [6].

Our review is the first systematic review and meta-analysis on the
incidence of AAD presenting as OHCA. We showed that AAD in OHCA
patients is much more significant than previously thought [3], under-
lining the relevance of considering AAD as a differential diagnosis when
approaching a patient with OHCA.

Currently, AAD diagnosis is usually confirmed with CT-angiography.
Considering that this is not available in an out-of-hospital setting and
that patients are usually too unstable to undergo this procedure [6],
clinicians need to resort to other diagnostic procedures with significant
false positive and negative rates [4]. This may lead to some AADs in

OHCA patients remaining undiagnosed. Recently Kim et al. [6] has
highlighted the value of TEE in this context, as it is a potential bedside
imaging method that can be performed on unstable patients undergoing
resuscitation maneuvers.

We found that patients presenting with OHCA due to AAD had a
mortality of 100% (95% CI: 97.62; 100), which is consistent with pre-
vious reports [6]. Spontaneous circulation can only be restored in a few
patients [4,18] who may benefit from timely aortic repair, although
their prognosis still remains poor [24]. This has led some authors to
question the utility of resuscitation attempts in AAD-OHCA patients, due
to the invariably high mortality, 100% in most studies.

Only two studies [4,18] reported on survivors, with best survival rate
of 11.1% in the Tanaka et al. study [18]. Both of these studies were
performed in Japanese centers and might reflect either a higher diag-
nostic accuracy, since both studies used CT-Scans and found an inci-
dence > 5% of AAD in OHCA patients, or differences in management
regarding critically ill and emergent patients, with better results [25].

We found that when compared to other OHCA intrinsic causes, AAD
did not confer a significant difference in mortality, although only five
studies [3,4,6,9,20] were available for this analysis. This might be due to
the overall bad prognosis of OHCA [16].

The difference found between the incidence of OHCA due to TAAD
and OHCA due to TBAD is striking (7.18% versus 0.47%), with the
former having an incidence fifteen times higher than the latter. This
disparity was expected, since TAADs are associated with more serious
complications, such as cardiac tamponade, stroke, and acute aortic
insufficiency, that are per se causes of cardiac arrest, whereas in the case
of type B dissection, OHCA usually occurs after thoracic aortic rupture,
which is less frequent [2]. However, data on this subject suggests that
little is known about the cardiac arrest etiologies from great vessels
diseases [6].

Additionally, some studies only reported on children and young
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Incidence of TAAD in OHCA patients

Percentage %
Author (Year) (95% Cl) Weight
|
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Incidence of TBAD in OHCA patients

Percentage %
Author (Year) (95% Cl) Weight
'
Takeuchi, et al (2020) e 0.54 (0.23, 1.25) 50.61
Jitsuiki et al (2017) E * 0.66 (0.22, 1.92) 24.67
Tanaka, et al (2016) < i 0.22 (0.04, 1.23) 24.72

Overall, DL (P = 0.0%, p = 0.632) 0 0.47 (0.18, 0.85) 100.00

B NOTE: Weights are from random-effects model

Fig. 3. A: Incidence of type A acute aortic dissection (TAAD) in patients with out-of-hospital cardiac arrest (OHCA). Data is expressed as the percentage of OHCA due
to TAAD with respective 95% confidence interval (CI). Result: 7.18% (95% CI: 5.61; 8.93; 12 46%). B: Incidence of type B acute aortic dissection (TBAD) in patients
with OHCA. Data is expressed as the percentage of OHCA due to TBAD, with respective 95% confidence interval (CI). Result: 0.47% (95% CI: 0.18; 0.85; I 0%).

Mortality in AAD patients suffering OHCA

%

Study (Year) Percentage (95% Cl) Weight

Jitsuiki et al (2017) —# 100.00 (91.97, 100.00) 20.40
Kim et al (2020) —+ 100.00 (72.25, 100.00) 7.83
Takeuchi, et al (2020) —+E 95.77 (88.30, 98.55) 25.10
Tanaka, et al (2016) —_—— E 88.89 (71.94, 96.15) 15.62
Meyer et al (2012) $ 100.00 (34.24, 100.00) 2.19
|
Yoshida et al (2016) —4' 100.00 (94.87, 100.00) 25.10
Kobayashi et al (2013) *T 100.00 (51.01, 100.00) 3.77
Overall, DL (|2 = 40.2%, p = 0.123) 4 100.00 (97.62, 100.00) 100.00

I [ I I I I I I I I I
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NOTE: Weights are from random-effects model

Fig. 4. Overall mortality following out-of-hospital cardiac arrest (OHCA) due to acute aortic dissection (AAD). Data is expressed in percentage, with respective 95%
confidence interval (CI). Result: 100% (95% CI: 97.62; 100; 1 40%).

adults [15,21]. These studies were analyzed separately in the sensitivity cannot be confirmed, seeing as studies did not report this etiology
analysis and an incidence of AAD in OHCA patients of only 1.12% was specifically.

found. This result may reflect a different subset of patients, probably There are some limitations to the present review. The difference in
suffering AAD in the context of connective tissue disorders, although this study designs, diagnostic methods, and definitions of both AAD and
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Risk of death of AAD-OHCA Vs. non-AAD OHCA

Study (Year)

1
Jitsuiki et al (2017) —F—
T

Risk Ratio %

(95% ClI) Weight

Kim et al (2020) *

Tanaka, et al (2016) —_1T—

Meyer et al (2012)

Kobayashi et al (2013)

Overall, DL (I2 = 0.0%, p = 0.805) <ﬁ>

1.02 (0.82, 1.27) 53.95
1.05 (0.63, 1.73) 10.30
1.23 (0.90, 1.67) 28.03
1.21 (0.45, 3.24) 2.70
N 1.47 (0.72, 3.04) 5.02
1.10 (0.94, 1.30) 100.00

T
.25 1

NOTE: Weights are from random-effects model

Fig. 5. Risk ratio of death in out-of-hospital cardiac arrest due to acute aortic dissection (AAD- OHCA) when compared to death in out-of-hospital cardiac arrest due
to other intrinsic causes (non-AAD OHCA). Data is expressed in risk ratio, with respective 95% confidence interval (CI). Result: 1.10 (95% CI: 0.94; 1.30; 12 0%).

OHCA brings some clinical and statistical heterogeneity to our results.
Not all patients with OHCA undertook definitive diagnostic procedures
like CT, echocardiogram, or autopsy. When we included only studies
that where all patients underwent CT or echocardiogram [4,6,16,18,20],
the incidence increased to 8.27%. The ability to screen these patients
before death is also a major limitation as some patients may not be able
to perform a CT before death. In our sensitivity analysis, however, we
observed that the incidence of AAD in patients submitted to CT or
echocardiography before death was 7.56%, which is still a significant
number of patients who may benefit from directed therapy and timely
diagnosis.

The fact that the data retrieved was not age-standardized also limits
our findings. The lack of data about risk factors and AAD sub-type
limited our analysis on possible confounding or predictive factors.
Additionally, we found a high ROB in almost every study,
[3,4,6,9,14,15,18,20-23] which demonstrates that there is a need for
more high-quality studies analyzing this daring condition.

Furthermore, we found Asian studies [6,9,16-18,20,22,23] to have
significantly higher incidence rates. This may be due to reporting issues
or study designs. Future analysis on this matter would be relevant.

Considering that OHCA due to AAD is in fact a greater issue than
previously considered, further studies with standardized reporting and
diagnostic methods using adequate imaging methods such as CT-
angiography or autopsy, are needed to better estimate the incidence of
AAD.

Despite the poor prognosis, the understanding the epidemiology and
management of AAD in OHCA patients across different studies and
countries may lead to the development of better timely diagnostic pro-
cedures and treatments, to save, at least, some patients.

7. Conclusion

Acute aortic dissection was found to occur in 4.39% of OHCA pa-
tients. This estimate is higher than previously demonstrated. Prognosis
is dire, as almost every patient dies. Type A AAD are more commonly the
cause of OHCA. These findings should lead to a higher awareness of AAD
when approaching a patient with OHCA. Future studies focusing on
timely diagnosis and treatment strategies for AAD-OHCA are needed to
improve care.
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