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Abstract
Purpose Non-traumatic cardiac arrest (CA) and return of spontaneous circulation (ROSC) after cardiopulmonary resuscitation
(CPR) are often associated with multiple pathologies. Expecting a high prevalence of important findings, a whole-body CT
(WBCT) could be of relevance for therapy. The aim of this study is to investigate the feasibility and diagnostic yield of an early
WBCT in this setting.
Methods This single-center retrospective study included 100 consecutive patients (27 female; 73 male; mean age 68.5±
12.57 years) with non-traumatic, in- and out-of-hospital CA and ROSC following CPR, who underwent a contrast-enhanced
WBCTwithin 6 h after ROSC over 12 months. CT findings were determined corresponding to anatomical region.
Results Early WBCTwas successfully carried out in 100% of the patients with CA and ROSC after CPR. Acute pathologies were
found not only in the chest but also in the head (15%) and the abdomen (6%). Early global brain edema (n = 12), acute stroke (n = 3),
pulmonary embolism (n = 10), pneumothorax (26%), acute abdominal pathologies (n = 6), iatrogenic bleeding (4%), and CPR-
related injuries (93%) were detected by CT right from the beginning of the post-cardiac arrest care.
Conclusions An early WBCT is feasible and provides added diagnostic value for patients with ROSC after non-traumatic CA.
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Introduction

Cardiac arrest (CA) is a major public health problem and is
estimated to cause 15–20%of all deathswith an annual incidence
of 98.1 per 100,000 person-years in North America. Coronary
heart disease (CHD) is themost frequent underlying cause of CA
followed by cardiomyopathies, inherited arrhythmia syndromes,
and valvular heart diseases. Despite several major advances in
cardiopulmonary resuscitation (CPR) and post-resuscitation care
for out of hospital cardiac arrest (OHCA) patients, overall sur-
vival rates remain poor with near about 10% [1].

Previous data focused frequently on cardiac causes of
OHCA in the last decades [2, 3]. Conversely, little is known
about non-cardiac causes, for example, intracranial

hemorrhage, pulmonary embolism, or aortic dissection. In ad-
dition, CPR itself can cause life-threatening pathologies, for
example tension pneumothorax, bleeding, or hemopericardium
when detected and are treated too late [4].

These problems are major challenges for physicians in the
emergency department because this patient group quickly
needs treatment. A strategy to challenge this circumstance is
to perform an early whole-body computer tomography
(WBCT). Similar to a WBCT in multiple trauma patients, a
WBCT in CA patients with ROSC after CPR could provide a
quicker and more complete overview of life-threatening pa-
thologies compared to a standard workup with radiographs,
ultrasound, and focused CT imaging [5].

Currently, theAmerican andEuropean guidelines recommend
focal CT imaging of CA patients with a high pretest probability
of pathologies, which commonly includes a cranial CT or a tho-
racic CT after invasive coronary angiographic evaluation [6, 7].
According to the European guideline, WBCT may be indicated
in patients with traumatic CA or hemorrhage but is not generally
recommended for non-traumatic CA patients with ROSC after
CPR [7]. Nevertheless, WBCT is performed more and more
nowadays [4, 8, 9]. Benefits of comprehensive early imaging
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seem to be relevant, but little is known about the feasibility and
the added value of such an earlyWBCT. The aim of this study is
to investigate the feasibility and diagnostic yield of an early
WBCT in this setting.

Methods

This retrospective single-center study was approved by the
local ethical committee. Data were acquired between
January and December 2016. The inclusion criteria were in-
or out-of-hospital CA with ROSC after CPR without a trau-
matic cause of CA. The study included all consecutive CA
patients, who underwent a complete WBCT protocol within
6 h after ROSC.

Study data were collected from the German resuscitation
register (Deutsches Reanimationsregister, https://www.
reanimationsregister.de) and radiological information system
(Orbis, AGFA HealthCare, Mortsel, Belgium) installed in our
institution. Parameters such as gender, age, in- or out-of-
hospital CA, duration of CPR, cause of CA, and last sign of
life were collected.

The CT protocol included a non-enhanced CT (neCT) of the
head, a CTangiography (CTA) from the head to the groin, and an
additional venous phase of the abdomen. All CT scans were
performed with a 64-detector row CT scanner (Definition
AS®, Siemens Healthineers, Forchheim, Germany).

The neCT of the head was done with 2 × 32 detector rows,
0.6-mm collimation, gantry rotation time of 1.0 s, and a pitch
of 0.55. These scans were acquired in caudocranial direction.
A tube current-time product of 370 mAseff was chosen at a
tube voltage of 120 kV.

Thereafter, bolus trackingwas usedwith a region of interest
(ROI) placed in the ascending aorta. After reaching a thresh-
old value of 140 HU, the scan was automatically started with a
delay of 2 s. CT-angiograms (CTA)were performedwith qual-
ity reference mAs (CARE Dose4D, Siemens) and a reference
value of 120 mAs at a tube voltage of 120 kV. Scans were
acquired in craniocaudal direction with 2 × 32 detector rows,
0.6-mm collimation, gantry rotation time of 0.5 s, and a pitch
of 0.85.

With a delay of 30 s after completion of the CTA, a venous
scan of the abdomen was started in craniocaudal direction
with 2 × 32 detector rows, 0.6-mm collimation, gantry rotation
time of 0.5 s, and a pitch of 0.6. CAREDose4D with a refer-
ence value of 210 mAs and a tube current of 120 kV were
used.

The contrast protocol included 110-ml intravenous contrast
agent (Ultravist 370®, Bayer, Leverkusen, Germany) follow-
ed by a 30-ml saline chaser bolus, both of which were applied
at a flow rate of 4 ml/s. Images were reconstructed with a slice
thickness of 2 mm and 5 mm with an increment of 1 and
4 mm, respectively.

CT findings were determined corresponding to anatomical
regions. Statistical analysis was performed with IBM SPSS
Statistics (IBM SPSS Statistics, version 26, Armonk, United
States of America). Statistical comparisonwas performedwith
chi-square (χ2) test for categorical variables and Mann-
Whitney U (MWU) test for continuous variables.
Differences were regarded as significant at a two-sided
p < 0.05.

Results

A total of 108 patients with CA and ROSC were scanned over
12 months. Eight patients were excluded because of a delayed
WBCT after ROSC (n = 5), a traumatic cause of CA (n = 2),
and an incomplete scan protocol (n = 1). In total, the study
population included 100 patients of which 27 (27%) were
female and 73 (73%) were male. Eighty-eight percent (n =
88) of the study population experienced the CA out of hospital
and the remaining 22% (n = 22) in hospital. CA was most
commonly due to heart and lung diseases (80%). Most men
needed at least 20min of CPR to gain ROSC (42.5%) whereas
most women needed less than 10 min (44.4%). Additional
details are shown in Table 1.

Patients with CA, who died in hospital were significantly
older (mean rank of 57.02 versus 42.85, p = 0.015) and
showed more often signs of global brain edema (12% versus
0%, p = 0.001) compared to those survived to discharge.
Further information is shown in Table 2.

Early WBCT was successfully carried out in 100% of the
patients with CA and ROSC after CPR. Once, patients were
on the CT-table, aWBCT took on average 4 ± 2 min for a scan
to complete. The mean Dose Length product of a WBCTwas
2472.58 ± 704.0 mGy*cm.

Head and neck

Acute cranial pathologies were common in patients with CA
and ROSC (15%). Twelve percent (n = 12) of the study pop-
ulation showed early global brain edema with an average
gray-white-matter ratio (GWR) of 1.10. These patients needed
at least 20 min CPR to gain ROSC and all of them died within
their hospital stay. Acute ischemic stroke was found in 3% of
the cases (n = 3). Further information is shown in Fig. 1.

Heart and coronaries

Most of the study population showed findings of heart failure,
which were commonly located at the left ventricle and was
associatedwith interstitial pulmonary edema. Arterial myocar-
dial hypoperfusion was seen in 38% (n = 38) of the cases of
which 65.79% (n = 25) were confirmed during cardiac cathe-
terization. In total, 58% of the study population received a
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cardiac catheterization. Calcified plaques of the coronary ar-
teries were seen in the vast majority of the patients and most
commonly located at the left anterior descending artery with
72% (n = 72), followed by the left circumflex artery with 49%
(n = 49) and the right coronary artery with 48% (n = 48).
Additional information is shown in Fig. 1.

Vessels

Peripheral pulmonary embolism was observed in 10% (n =
10) of the cases of which 50% had an additional central em-
bolism (n = 5).

Bleeding from the common femoral artery was detected in
4% (n = 4), all of them after an arterial puncture.

High-grade stenosis of the supra-aortic branches was ob-
served in 19% (n = 19) and frequently located on both sides of
the proximal carotid internal artery (47.4%). 21.05% (n = 4) of
these patients had an additional occlusion of one carotid or
one vertebral artery.

Aneurysms were observed in 9% of the cases (n = 9),
which were frequently located in the infrarenal abdominal
aorta (60%), followed by the aortic arch (20%), and
thoracoabdominal aorta (10%). One patient showed bilaterally
aneurysms of the internal iliac arteries (1%). No contained
ruptured or ruptured aneurysms were seen.

In one patient, an acute dissection of the right femoral ar-
tery was detected (1%). Three patients had an asymptomatic
chronic dissection of the infrarenal abdominal aorta. No dete-
rioration of a chronic dissection, such as malperfusion syn-
drome was observed.

Lungs

In the study population, opacifications of the lungs were seen
in 70% (n = 70) of the cases. 85.71% (n = 60) out of these
were consolidations with lobar distribution and air
bronchogram. 12.86% (n = 9) showed ground-glass infiltrates
and 1.43% (n = 1) had interstitial infiltrates, both without signs
of heart failure.

Table 1 Patient demographics
Female (N = 27) Male (n = 73) Total (n = 100)

Age, mean (SD) 70.85 (±13.3) 67.58 (± 12.37) 68.46 (± 12.57)

Cause of CA, n (%)

Cardiac 10 (37.0) 46 (63.0) 56 (56.0)

CNS 2 (7.4) 1 (1.4) 3 (3.0)

Pulmonary 9 (33.3) 15 (20.5) 24 (24)

Sepsis 1 (3.7) 1 (1.4) 2 (2.0)

Hypovolemic shock 0 (0.0) 1 (1.4) 1 (1.0)

Toxic 0 (0.0) 2 (2.7) 2 (2.0)

Unknown 5 (18.5) 7 (9.6) 12 (12.0)

Duration of CPR (min), n (%)

0–10 12 (44.4) 10 (13.7) 22 (22.0)

10–20 4 (14.8) 19 (26.4) 23 (23.0)

> 20 6 (22.2) 31 (42.5) 37 (37.0)

Unknown 5 (18.5) 13 (17.8) 18 (18.0)

Outcome, n (%)

Discharged 12 (44.4) 34 (46.6) 46 (46.0)

Died in hospital 15 (55.6) 39 (53.4) 54 (54.0)

CA cardiac arrest, CNS central nervous system, CPR cardiopulmonary resuscitation, SD standard deviation, N
number, min minutes

Table 2 Outcome according to selected pathologies

Outcome Pneumothorax1 Tension-
pneumothorax1

Brain
edema1

Acute
ischemic
stroke1

Peripheral
pulmonary
embolism1

Central
pulmonary
embolism1

Acute abdominal
pathologies1

Hemorrhage1

Death in
hospital

15 (62.50) 1 (50.00) 12
(100)

2 (66.67) 6 (60.00) 3 (60.00) 6 (85.71) 4 (100)

Discharged 9 (37.50) 1 (50.00) 0 (0.00) 1(33.33) 4 (40.00) 2 (40.00) 1 (14.29) 0 (0.00)
1n (%)
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The opacifications were frequently located in the
lower lobes and dorsal segments of the upper lobes
(77.03%) and interpreted to be suspected for aspiration
pneumonia. Other types and distributed infiltrates were
seen less often (22.97%).

Bronchial cuffing, subpleural fluid collection, and septal
thickening were seen in 59% of the cases (n = 59) and were
interpreted as interstitial edema. Bilaterally, perihilar ground
glass infiltrates were interpreted as alveolar edema and seen in
22% of the patients (n = 22).

A pneumothorax was detected in 26% (n = 26) of which
7.69% had a tension pneumothorax (n = 2). All pneumothoraces
were associated with rib fractures.

Pulmonary contusion was shown in 16% (n = 16) of the
study population, which manifested ground glass-infiltrates
located ventral and subpleural in both upper lobes and in the
middle lobe.

Malpositioned endobronchial tubes were detected in 20%
(n = 20) of the study population.

Abdomen

Pathologies of the abdomen were seen in 10% (n = 10) of
the study population. Three percent (n = 3) of the patients
showed a paralytic small bowel ileus; in another 2% (n =
2), subcapsular splenic hematomas were observed, and 1%
(n = 1) had a duodenal perforation with free intraabdominal
fluid and gas.

Apart from pyelonephritis in 1% (n = 1) and renal infarc-
tion in another 1% (n = 1) of the cases, no further acute renal
pathology was detected. One percent (n = 1) of the study pop-
ulation showed free intraperitoneal gas without detectable
bowel perforation, which was interpreted as an extension of
mediastinal emphysema caused by a large pneumothorax.
Another 1% (n = 1) of the cases showed unspecific mesenteric
lymphadenitis.

Musculoskeletal

Ninety-three percent (n = 93) of patients were resuscitated
manually and 7% (n = 7) mechanically (AutoPulse, Zoll
Circulation, Chelmsford, USA). With an incidence of 93%
(n = 93), CPR-related injuries were very frequent. Rib frac-
tures were seen in 88% (n = 88), most common bilaterally
located and serially fractured (Table 3). The sternal fracture
was detected in 15% (n = 15), which were most frequently
located in the cranial and the middle part of the sternum with
88.67%. A sternal fracture was commonly detected in men
(80%) and older patients with a mean age of 70.27 ±
12.62 years.

Mediastinal hematomas were detected in 18% (n = 18) and
were associated with a sternal fracture in 22.2%. Mediastinal
emphysema was seen in 7% (n = 7). Hematomas of the tho-
racic wall were detected in 14% (n = 14) and always combined
with one or more dislocated rib fractures. The longer the re-
suscitation had to be carried out, the more frequent CPR-
related injuries were detectable (Tables 4 and 5).

Fig. 1 Overview of findings
based on anatomic location
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Discussion

The study results have shown that acute pathologies after CA
and successful resuscitation are common and not only located
in the chest. If assessed with a standard procedure of plain
chest radiography (CXR), ultrasound (US) and focal imaging,
these pathologies can be missed or detected too late. Data on
the effectivity of an early WBCT compared to a standard pro-
cedure with CXR, US, and focal CT-imaging is not available
for patients with CA. But data on multiple trauma patients
showed an early WBCT to be more effective compared to a
standard procedure with plain radiography, US, and focal CT-
imaging in finding relevant pathologies for treatment [5]. If
patients with CA have multiple pathologies with relevance for
treatment similar to multiple trauma patients, a WBCT should
also be more effective as a standard procedure with CXR, US,
and focal CT-imaging for patients with CA and ROSC.

Global brain edema (12%), acute ischemic stroke (3%),
pulmonary embolism (10%), acute abdominal pathologies
such as paralytic ileus, splenic hematomas, duodenal perfora-
tion, and pyelonephritis (7%) as well as bleeding (4%) were
detected in 26% of the study population. These pathologies
were assessed to be of additional value because they would

otherwise be diagnosed delayed or even missed without an
early WBCT. According to current guidelines CT is recom-
mended for these pathologies [10–13].

Also, an earlyWBCTcan have additional value for patients
with CA due to an acute aortic syndrome or an intracranial
hemorrhage because of its high sensitivity and specificity for
these pathologies [14–16]. The exclusion of intracranial hem-
orrhage and thoracic or abdominal bleeding with CT is impor-
tant before starting anticoagulation [13].

The study demonstrates that CPR-related pathologies of
treatment relevance such as pneumothorax due to dislocated
rib fractures are frequent. CXR is known to underestimate
such CPR-related injuries [17]. Whereas, MDCT has a higher
sensitivity and specificity to detect these injuries in compari-
son to CXR [18]. Dunham et al. published a rib fracture rate
up to 85% of resuscitated CA patients, which is similar to our
results. But in his study, a twofold incidence of sternal frac-
tures is reported [4]. This variability in CT-detected sternal
fractures after CPR is well known. A review by Hoke et al.
and more recent studies show wide variability in sternal frac-
tures from 1 to 43% [9, 19–22]. The causes of this variability
stay unknown and are likely to be multifactorial [4].

The reported findings demonstrate that global brain edema
is common especially when prolonged CPR was necessary.
Naples et al. published global brain edema rates up to 35% for
resuscitated patients with non-traumatic CA on CT. The

Table 4 CPR-related injuries according to duration of CPR

Duration of
CPR1

Pneumothorax2 Tension-
pneumothorax2

Sternal
fracture2

Mediastinal
hematoma2

Chest wall
hematoma2

Lung
contusion2

Outcome2,3

> 20 11 (45.83) 2 (100) 8 (53.33) 8 (44.44) 7 (50.00) 10 62.50) 25 (46.30)

10–20 5 (20.83) 0 (0.00) 1 (6.67) 6 (33.33) 1 (7.14) 1 (6.25) 14 (25.93)

< 10 3 (12.50) 0 (0.00) 4 (26.67) 2 (11.11) 3 (21.43) 2 (12.50) 7 (12.96)

Unknown 5 (20.83) 0 (0.00) 2 (13.33) 2 (11.11) 3 (21.43) 3 (18.75) 8 (14.81)

1 Cardiopulmonary resuscitation in minutes
2 n (%)
3Death in hospital

Table 3 Number and location of CPR-related rib fractures

Female (n = 24) Male (n = 64) Total (n = 88)

Age 72.17 (± 12.17)1 68.39 (± 12.11)1 69.42 (± 12.40)1

Location, n (%)

Right 2 (8.33)2 2 (3.12)2 4 (4.54)2

Left 3 (12.50)2 3 (4.69)2 6 (6.81)2

Bilateral 19 (79.17)2 59 (92.19)2 78 (88.65)2

Number of fractures, n (%)

< 3 0 (0.0)2 6 (9.37)2 6 (6.82)2

3–6 9 (37.50)2 10 (15.63)2 19 (21.59)2

6–9 5 (20.83)2 21 (32.81)2 26 (29.55)2

> 9 10 (41.67)2 13 (142.19)2 37 (42.04)2

1Mean (standard deviation)
2 n (%)

Table 5 Correlation between CPR, number of fractured ribs, and sternal
fracture

Duration of CPR1 > 92 6–
92

3–
62

< 32 Sternum3

> 20 17 9 6 2 8

10–20 10 8 3 1 1

< 10 6 5 7 1 4

Unknown 4 4 3 2 2

1 cardiopulmonary resuscitation in minutes
2 Rib fractures
3 Sternal fracture
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discrepancy of the results is probably due to selection process-
es because only 22% of the study population with a high
pretest probability for brain pathologies underwent a cranial
CT [23]. The results of our study showed a GWR of 1.10 is
associated with 100% patient mortality. This result is consis-
tent with the previously published data [24–27].

Regurgitation and pulmonary aspiration of gastric contents
are known risk factors for patients with CA and CPR [28–30].
The reported results demonstrate high rates for opacifications
in the lower lobes and dorsal segments of the upper lobes,
which were interpreted as consequence of regurgitation and
pulmonary aspiration [31]. Comparable data on the diagnosis
of regurgitation and pulmonary aspiration in patients with CA
and CPR is rare. A single-center study with 182 patients pub-
lished an incidence of 20% after CA and CPR [32]. But the
diagnosis in this study is based on inspection during the intu-
bation process. The CT on the other hand can visualize the
entire tracheobronchial system including the lungs and should
be more sensitive than sight evaluation during intubation. But
data on comparison both diagnostic tests do not exist.

With 32% extracardiac causes of the CAwere common in
the study population. In these cases, a dedicated coronary
CTA could help to rule out an obstructive coronary artery
disease (CAD) as underlying pathology, because of its high
sensitivity to rule out a CAD [33]. The 2 × 32-row single-
source study scanner cannot perform a coronary CTA of the
entire heart within one cardiac cycle, which makes it suscep-
tible to arrhythmias or ventricular tachycardias and leads to
severe motions artifacts with impaired image quality [34].
Expecting obstructive CAD, arrhythmias, and ventricular
tachycardias in the study population, the WBCT does not
include a dedicated coronary CTA. But modern dual-energy
source MDCT with wide-area detectors and iterative recon-
struction are less susceptible to arrhythmias or tachycardias
and could provide a useable coronary angiogram in this
population.

Conclusion

Early WBCT is feasible in patients with CA and ROSC
after CPR. Acute pathologies are not limited to the thorax
but can also be found in the head and abdomen, which
can be easily detected by WBCT. Extracardiac causes of a
CA are common and can be illustrated by a WBCT.
Therefore, a WBCT should be recommended in the post-
cardiac arrest care of patients with non-traumatic CA and
ROSC after CPR.
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