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Background: The role of computed tomography (CT) scans after extracorporeal membrane oxygenation
(ECMO) implantation in patients with refractory cardiac arrest has not been frequently investigated. Early
CT scan findings may have many meaningful findings and contribute significantly to patients’ outcome. In
this study, we sought to determine whether early CT scans in such patients indirectly improved in-hospital
survival.

Methods: A computerized search of the electronic medical records systems of 2 ECMO centers was
conducted. A total of 132 patients who had undergone extracorporeal cardiopulmonary resuscitation (ECPR)
between September 2014 and January 2022 were included in the analysis. The patients were divided into 2
groups based on whether they underwent early CT scans (the treatment group) or did not undergo early CT
scans (the control group). The findings of early CT scans and in-hospital survival were investigated.
Results: A total of 132 patients had undergone ECPR with 71 were male, 61were female and mean age:
48.0+14.3 years. Early CT scans did not improve patient’s in-hospital survival [hazard ratio (HR): 0.705;
P=0.357]. Overall, a smaller proportion of patients survived in the treatment group (22.5%) than the control
group (42.6%; P=0.013). In total, 90 patients were matched in terms of age, initial shockable rhythm,
Sequential Organ Failure Assessment (SOFA) score, cardiopulmonary resuscitation (CPR) duration, ECMO
duration, percutaneous coronary intervention, and cardiac arrest location. In the matched cohort, fewer
patients survived in the treatment group (28.9%) than the control group (37.8%; P=0.371), but the difference
was not significant. According to a log-rank test, in-hospital survival did not differ significantly before and
after matching (P=0.69, and P=0.63, respectively). Thirteen patients (18.3%) had complications during
transportation, among which a drop in blood pressure was the most common.

Conclusions: The in-hospital survival rate between treatment and control group was not different,
however, early CT scan after ECPR could help clinicians to gain important information to guide clinical

practice.
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Introduction

Several groups of researchers have investigated the
role of early computed tomography (CT) scans after
cardiopulmonary resuscitation (CPR) (1-3). However, the
role of early CT scans after extracorporeal cardiopulmonary
resuscitation (ECPR) has not been thoroughly investigated.
Early full-body scans led to the identification of many
abnormalities, of which many were correlated with
in-hospital survival, such as bleeding, malposition of
extracorporeal membrane oxygenation (ECMO) tube (4).
However, transferring ECPR patients to a CT room is a
high-risk procedure which may increase the possibility of
elevated mortality (5-8). Thus, the decision to perform a
CT scan should be made based on a careful consideration
of the associated risks and benefits. In our centers if the
cause of the cardiac arrest is unclear, early CT scans will be
considered, if patients hemodynamic is unstable, early CT
scans may not be considered. We performed this study to
evaluate the benefits of early CT scanning on in-hospital
survival and the risks of transporting patients who have
undergone ECPR. We hypothesized that early CT scans
after ECPR would indirectly improve in-hospital survival.
We present the following article in accordance with the
STROBE reporting checklist (available at https://jtd.
amegroups.com/article/view/10.21037/jtd-23-43/rc).

Methods
Study cobort

This was a retrospective, 2 center, observational study of

patients who had undergone ECPR at the Jinhua Municipal
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Central Hospital and Hangzhou First People’s Hospital
between September 2014 and January 2022. A computerized
search of the electronic medical records systems of the
hospitals was conducted to identify eligible patients, and
each case was then manually reviewed. All the patients
who had undergone venoarterial ECMO (VA-ECMO)
were screened, and those who had undergone ECPR were
included in the analysis. One hundred and thirty-two
patients who had undergone ECPR were included in this
study. Baseline factors included gender, age, ECPR location,
cause of cardiac arrest, initial shockable rhythm, CPR
duration, ECMO duration and Sequential Organ Failure
Assessment (SOFA) score were collected. The main outcome
was in-hospital survival. These patients were then matched
in terms of age, initial shockable rhythm, SOFA score, CPR
duration, ECMO duration, percutaneous intervention, and
cardiac arrest location. The informed consent was waived
because of the retrospective nature of the study. This
study was approved by the Ethics Review Board of Jinhua
Municipal Central Hospital (No. 2020-291). Hangzhou
First People’s Hospital was informed and agreed with this
study. The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013).

ECPR algorithm

Under the institutions’ protocols for managing in-hospital
cardiac arrest, the implementation of ECPR is required
for patients who have undergone conventional CPR for
>15 minutes without the return of spontaneous circulation.
Relative contraindications to ECPR include unwitnessed
cardiac arrest, non-shockable initial rhythm, advanced
age, a long CPR duration (>60 min), and trauma. Final
decisions were informed by the family and our ECMO
team, which included 5 experienced physicians and
4 nurses. Cannulation was performed immediately at the
bedside under ultrasound guidance. Patients transported to
the emergency department after having an out-of-hospital
cardiac arrest were always cannulated in the emergency
room or catheter lab. The same relative contraindications as
those for in-hospital cardiac arrest patients were applied.

ECMO cannulation and maintenance

Cannulation during ECPR was performed at the site of
cardiac arrest by 2 experienced intensivists and 2 nurses
under ultrasound guidance. Either a SORIN SCPC
(London, UK) or MAQUET (Rastatt, Germany) system
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396 patients on VA-ECMO
9/2014-1/2022

Excluded:

264 patients undergone
VA-ECMO for shock

Y

132 patients undergone
ECPR

Y

L 132 patients included in 1

analysis

Figure 1 Flowchart demonstrating the process used to select
the VA-ECMO patients included in the analysis. VA-ECMO,
venoarterial extracorporeal membrane oxygenation; ECPR,

extracorporeal cardiopulmonary resuscitation.

was used. The venous cannulas were 21-26 Fr [MAQUET
or Edwards (Santa Ana, USA)] in diameter, while the arterial
(returning) cannulas were 15-18 Fr [MAQUET, Edwards,
or Medtronic (Minneapolis, USA)] in diameter. Intravenous
unfractionated heparin was generally administered for
anticoagulation with a target activated clotting time of
160-200 s. The intensivists decided on the management of
vasopressors, fluids, ECMO flow, and withdrawal time, and
decannulation was mainly performed based on each patient’s
cardiac function.

Early CT scanning after ECPR

We defined early CT scanning as the performance of a CT
scan following ECPR. Almost all of the patients underwent
a CT scan within 1 hour of ECPR. For the in-hospital
cardiac arrest patients, decisions concerning CT scans
were based on the following factors: whether the cause
for collapse was known, CPR duration, pre-CPR CT scan
results, and suspected pulmonary embolism or haemorrhagic
shock. Most of the patients only underwent brain and chest
CT scans. Decisions to perform full-body CT scans on
a minority of our patients were made by the physician in
charge based on specific patient characteristics. For the out-
of-hospital cardiac arrest patients, the main purpose of the
CT scans was to identify the causes of cardiac arrest. The
CT scans were interpreted by radiologists. For this study,
we collected the radiologists’ reports, and our intensivists
retrospectively assessed them.

© Journal of Thoracic Disease. All rights reserved.
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Statistical analysis

SPSS (Version 22, IBM Statistics) and R (Version 3.6.3)
were used for the data analysis. The data are presented
as the mean + standard deviation for the continuous
variables and the number and percentage for the categorical
variables. The Kolmogorov-Smirnov test was used to
test for normality; a P value >0.1 indicated a normal
distribution. Differences between the 2 independent groups
were assessed by a 2 independent samples #-test or Mann-
Whitney U-test for the continuous variables and by a
Fisher’s exact test or Pearson’s 3’ test for the categorical
variables. Kaplan-Meier curves were used to describe the
in-hospital survival of patients who had undergone early
CT scanning (the treatment group) and those who had
not (the control group). Log-rank tests were used to assess
the statistical significance of any differences. Multiple
Cox regression analysis was used to investigate the factors
associated with in-hospital survival. A P value <0.05 was
considered statistically significant.

Results
Patient cobort

Of the 396 patients who were identified as having
undergone VA-ECMO at our institutions during the study
period, 132 had undergone ECPR (Figure 1). Among
the 132 patients included in the analysis, 71 were in the
treatment group and 61 were in the control group. The
treatment group comprised 53.5% males and 46.5%
females. The medium age of the treatment group patients
was 46.3+15.7 years and that of the control group patients
was 50.0£12.3 years. 67.6% of the 71 patients had been
transferred from the emergency department and 39.4% cause
of cardiac arrest was myocardial infarction. The median CPR
duration was 30.3£8.9 min in the treatment group, which
was longer than that in the control group (27.5£10.9 min;
P=0.106). The median ECMO duration was 126.7+43.4 h in
the treatment group and 124.7+45.4 h in the control group.
Patients’ characteristics are shown in Table 1.

CT scan findings

Of the 71 patients, 49 underwent brain and chest CT scans
and 22 underwent full-body CT scans. An average of 4.3x1.9
abnormalities per patient were identified, comprising
3.8+1.3 per patient in those who survived and 4.5+2.0 in
those who died. Pulmonary infiltrates, oedema, and pleural
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Variables Treatment (n=71) Control (n=61) P value
Gender 0.947
Male 38 (53.5) 33 (54.1)
Female 33 (46.5) 28 (45.9)
Age (years) 46.3+15.7 50.0+12.3 0.124
ECPR location 1.000
Emergency room 48 (67.6) 28 (45.9)
Catheter lab 10 (14.1) 13 (21.3)
Intensive care unit 6 (8.5) 15 (24.6)
Other departments 7 (9.9) 5(8.2)
Out of hospital 31 (43.7) 25 (41.0) 0.860
Cause of cardiac arrest 1.000
Myocardial infarction 28 (39.4) 30 (49.2)
Myocarditis 12 (16.9) 11 (18.0)
Pulmonary embolism 20 (28.2) 14 (23.0)
Unknown etiology 11 (15.5) 6 (9.8)
Initial shockable rhythm 46 (64.8) 47 (77.0) 0.132
CPR duration (min) 30.3+8.9 27.5+£10.9 0.106
ECMO duration (h) 126.7+43.4 124.7+45.4 0.792
SOFA score 13.9+2.7 13.2+2.7 0.088
Outcome 0.013
Survival 16 (22.5) 26 (42.6)
Death 55 (77.5) 35 (57.4)

Data are presented as n (%) or mean + standard deviation. ECPR, extracorporeal cardiopulmonary resuscitation; CPR, cardiopulmonary
resuscitation; ECMO, extracorporeal membrane oxygenation; SOFA, sequential organ failure assessment score.

effusions were the most common findings (98.6%) followed
by cerebral oedema (60.6%). Intracranial bleeding occurred
in 4 patients, ischemic stroke in 2, and brain herniation in 5.
The differences in frequency of these 3 conditions did not
differ significantly between those who survived and those
who died.

As to the treatment of intracranial bleeding and ischemic
stroke, the neurosurgeon was of the view that emergency
surgery was unlikely to significantly improve patient
prognosis and that this would be a high-risk procedure.
Thus, with the agreement of their families, we merely
adjusted the rate of administration of heparin and the
activated clotting time target for these patients. Only 1 of
these patients survived without any cerebral sequela. In

© Journal of Thoracic Disease. All rights reserved.

the 71 patients, 8 types of thoracic problem were found,
among which pulmonary embolism was the most common
disorder requiring immediate intervention. Additionally,
in 22 patients, 7 types of abdominal problems were found,
none of which required immediate treatment. Complications
occurred during transportation in 13 patients in the
treatment group. These findings are set out in Table 2.

Patient outcomes

Of the 132 patients, 16 survived in the treatment group and
26 survived in the control group, and the difference was
significant (P=0.013). Among the patients, 90 were matched
in terms of age, initial shockable rhythm, SOFA score, CPR
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Table 2 Findings of CT scans performed after ECPR and complications during transportation
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Variables Incidence of finding Survival with finding Death with finding P value

CT scan performed 71 16 55

All findings 4.3+1.9 3.8+1.3 4.5+2.0 0.408
Brain 1.4+1.0 1.3+0.9 1.4+1.1 0.986
Chest 2.4+1.0 2.1+0.9 2.5+0.9 0.201
Abdomen 0.5+1.0 0.4+0.7 0.6+1.0 0.674

Details of findings
Intracranial bleeding 4 (5.6) 1(6.3) 3(5.5) 1.000
Ischemic stroke 2 (2.9 0(0.0) 2 (3.6) 1.000
Cerebral edema 43 (60.6) 7 (43.8) 36 (65.5) 0.118
Brain herniation 5(7.0) 0 (0.0 5(9.1) 0.581
Ethmoid sinusitis 15 (21.1) 1(6.3) 14 (25.5) 0.163
Sphenoiditis 16 (22.5) 8 (50.0) 8 (14.5) 0.006
Maxillary sinusitis 14 (19.7) 3(18.8) 11 (20.0) 1.000
Rib fracture 27 (38.0) 4 (25.0) 23 (41.8) 0.223
Sternal fracture 8 (11.3) 1(6.3) 7(12.7) 0.673
Pulmonary infiltrates, edema, effusion 70 (98.6) 16 (100.0) 54 (98.2) 1.000
Pulmonary embolism 24 (33.8) 7 (43.8) 17 (30.9) 0.339
Cardiac enlargement 9 (12.7) 2(12.5) 7(12.7) 1.000
Pericardial effusion 19 (26.8) 4 (25.0) 15 (27.3) 1.000
Gallstones 9(12.7) 2 (12.5) 7 (12.7) 1.000
Cholecystitis 6 (8.5) 0(0.0) 6(10.9) 0.326
Hepatic cyst 6 (8.5) 2(12.5) 4 (7.3) 0.611
Liver cirrhosis 9 (12.7) 1(6.3) 8 (14.5) 0.673
Spleen hematomas 7 (9.9) 1(6.3) 6(10.9) 1.000
Arteriostosis 5(7.0) 0(0.0) 5(9.1) 0.581
Myocardial calcification 7 (9.9) 0 (0.0 7(12.7) 0.337
Lumbar fractures 1(1.4) 1(6.3) 0(0.0) 0.225
Thoracic vertebra fracture 2(2.8) 0 (0.0 2 (3.6) 1.000

Complications during transportation
ECMO blood flow drop 34.2) 1(6.3) 2 (3.6) 0.541
ECMO catheter bent 2(2.8) 1(6.3) 1(1.8) 0.402
Oxygen saturation drop 34.2) 1(6.3) 2 (3.6) 0.541
Blood pressure drop 5(7.0) 2 (12.5) 3(5.5) 0.314

Data are presented as n (%) or mean + standard deviation. CT, computed tomography; ECPR, extracorporeal cardiopulmonary

resuscitation; ECMO, extracorporeal membrane oxygenation.

© Journal of Thoracic Disease. All rights reserved.
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Table 3 Description of matched samples
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Variables Treatment (n=45) Control (n=45) P value
Gender 1.000
Male 25 (55.6) 25 (55.6)
Female 20 (44.4) 20 (44.4)
Age (years) 48.1£15.5 48.1£11.9 0.548
Initial shockable rhythm 32 (71.1) 34 (75.6) 0.634
SOFA 13.7+£2.6 13.4+2.8 0.550
CPR duration 28.3x7.5 28.9+11.6 0.764
ECMO duration 124.3+38.3 122.6+35.0 0.622
PCI 9 (20.0) 9 (20.0) 1.000
Cardiac arrest location 0.832
In hospital 24 (53.3) 25 (55.6)
Out of hospital 21 (46.7) 20 (44.4)
Outcome 0.371
Survival 13 (28.9) 17 (37.8)
Death 32 (71.1) 28 (62.2)

Data are presented as n (%) or mean + standard deviation. SOFA, sequential organ failure assessment score; CPR, cardiopulmonary
resuscitation; ECMO, extracorporeal membrane oxygenation; PCI, percutaneous coronary intervention.

Table 4 Multiple Cox regression analysis of in-hospital survival

Variables HR 95% Cl P value
Early CT scan 0.705 0.335-1.483 0.357
Age 0.991 0.967-1.015 0.445
Initial shockable rhythm 3.209 0.916-11.242 0.068
SOFA score 0.739 0.622-0.876 0.001
CPR duration 1.025 0.991-1.060 0.146
ECMO duration 0.983 0.974-0.993 0.000
Percutaneous intervention 1.146 0.527-2.491 0.731
Cardiac arrest location 2.453 1.090-5.522 0.030

HR, hazard ratio; ClI, confidence interval; SOFA, sequential organ failure assessment score; CPR, cardiopulmonary resuscitation; ECMO,

extracorporeal membrane oxygenation.

duration, ECMO duration, percutaneous intervention, and
cardiac arrest location (45 in the treatment group and 45 in
the control group). The results of the log-rank test showed
that 13 patients survived in the treatment group and 17
survived in the control group, but this difference was not
statistically significant (P=0.63). Multiple Cox regression

© Journal of Thoracic Disease. All rights reserved.

analysis of in-hospital survival showed that early CT scan
was not associated with improved in-hospital survival
(P=0.357). The factors included in the matching mode
and patients’ outcomes are shown in 7izble 3. Multiple Cox
regression analysis are shown in 7able 4. Survival curves
before and after matching are shown in Figures 2,3.
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Figure 2 Kaplan-Meier curves representing cumulative in-hospital

survival over time (days). CT, computed tomography.
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Figure 3 Kaplan-Meier curves representing cumulative in-hospital
survival over time (days) after propensity score matching. CT,

computed tomography.

Discussion

Our findings did not support our hypothesis. Our major
finding was that early CT after ECPR was not associated
with improved in-hospital survival. This finding supports
that of Yang et al, who found that the role of routine whole-
body CT scanning after ECPR in patients who had out-
of-hospital cardiac arrests was limited (9). Moreover,
during transportation, our patients experienced many
complications. Early CT scanning after ECPR identified
many abnormalities, which could help clinicians to gain
important information to guide clinical practice.
Transporting patients immediately after ECPR to the
CT room carries a significant risk of adverse events (5-8).
Thus, decisions to perform CT scans should be based on
a careful consideration of the associated benefits and risks.
The rationale for performing CT scans after CPR has
always been to determine the causes of cardiac arrest or
identify CPR-related injuries (2,10,11). However, the risks

© Journal of Thoracic Disease. All rights reserved.
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are greater after ECPR than after CPR, partly because, in
the former case, the hemodynamic state is characteristically
more unstable and disconnection of an ECMO catheter can
be catastrophic.

At our institutions, the most common reason for CT
scanning was an unknown cause of collapse, especially in
patients who suffered cardiac arrest out of hospital. For
patients suffered in-hospital cardiac arrest, the decision of
an early CT scan would be based on the cause of cardiac
arrest, CPR duration and hemodynamic situation. Another
reason for CT scans at our institutions was pulmonary
embolism, which is a dangerous condition that requires
immediate intervention. Contrast-enhanced CT can help
clarify the area of infarction, thus assisting physicians to
determine the optimal subsequent treatment options. At our
institutions, CPR duration was a third reason for CT scans.
Patients who have undergone prolonged CPR always have a
poorer prognosis and more complications (12,13). Favorable
neurologic outcomes are less likely after prolonged CPR
(14,15). Thus, performing a CT scan can help to determine
the state of the brain and provide evidence for making
treatment decisions.

Our findings support the ECPR guidelines of the
Extracorporeal Life Support Organization, which
recommend an individualized CT scan strategy for such
patients (16). According to these guidelines, if the cause
of the cardiac arrest is unclear, or if there is evidence of
significant internal hemorrhage, CT scanning should be
performed immediately after cannulation. A full-body CT
scan is recommended to identify the cause of collapse;
however, this investigation may not be necessary for
patients with a clear cause of collapse (10,16). For example,
if a cardiac arrest occurs in the intensive care unit (ICU),
the CPR duration is short, and the patient has no history of
brain disease, performing a CT scan immediately may not
be the optimal course of action.

An early full-body CT scan is recommended after
cardiac arrest associated with trauma (10,17,18). However,
during ECPR, the situation is different. In patients who
have undergone trauma, the purpose of CT scanning is
to determine the location and severity of injuries. Trauma
management treats the cause of cardiac arrest and can thus
improve patient outcomes, while in the case of ECPR,
treatment is more complex. Anticoagulation is the main
impediment to advanced management, which is why many
patients with intracranial bleeding do not undergo surgery.

Today, ultrasound is used more often in the ICU
than it was in the past. Ultrasound can make many
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useful contributions, such as confirming the position
of an ECMO catheter (19) and detecting CPR-related
injuries by a standard or extended focused assessment
with sonography in trauma examinations (20,21); thus,
it is less urgent to perform a CT scan post-CPR than it
used to be. Additionally, in patients with hemodynamic
instability, ultrasound can provide acceptable imaging and
has considerable advantages over CT (22). Given that
patients always have hemodynamic instability after ECPR,
an ultrasonic examination is likely to be preferable to an
immediate CT scan.

This study had several limitations. First, as it was a
retrospective study, the evidence is less reliable than that
of a randomized controlled trial. However, conducting
a randomized controlled trial in such patients could be
problematic from an ethical perspective. Second, this
study was relatively small. Indeed, the cohort comprised
only 90 patients after propensity score matching. As the
implementation of ECPR increases in our country, we will
soon have more patients to investigate.

Conclusions

The in-hospital survival rate between early CT scan
performed group and early CT scan not performed group
was not different, even after propensity score matching
analysis, however, the CT after ECPR could help clinicians
to gain important information to guide clinical practice.
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