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Abstract: Background: Recently, the use of extracorporeal membrane oxygenation (ECMO) in
noncardiac surgery, such as thoracic surgery, has increased. However, there have been no studies on
the mortality and incidence of intraoperative cardiac arrest with or without ECMO during thoracic
surgery. Methods: Between January 2011 and October 2018, 63 patients received ECMO support
during thoracic surgery. All patients who applied ECMO from starting at any time before surgery to
the day of surgery were included. Patients were divided into the emergency ECMO group and the
non-emergency ECMO group according to the timing of ECMO. We compared the factors related to
30 day mortality using Cox regression analysis. Results: The emergency ECMO and non-emergency
ECMO groups comprised 27 and 36 patients, respectively. On the operation day, cardiopulmonary
resuscitation (CPR) was a very important result, and only occurred in the emergency ECMO group
(n = 20, 74.1% vs. 0%, p < 0.001). The most common cause of ECMO indication was the CPR in
the emergency ECMO group and respiratory failure in the non-emergency ECMO group. There
were significant differences in 30 day mortality between the emergency ECMO group and the non-
emergency ECMO group (n = 12, 44.4% vs. n = 3, 8.3%, p = 0.001). The Kaplan–Meier analysis curve
for 30 day mortality showed that the emergency ECMO group had a significantly higher rate of
30 day mortality than the non-emergency ECMO group (X2 = 14.7, p < 0.001). Conclusions: A lower
incidence of intraoperative cardiac arrest occurred in the non-emergency ECMO group than in the
emergency ECMO group. Moreover, 30 day mortality was associated with emergency ECMO.

Keywords: extracorporeal membrane oxygenation; thoracic surgery; intraoperative cardiopulmonary
resuscitation; intraoperative cardiac arrest

1. Introduction

Traditionally, cardiopulmonary bypass (CPB) has been mainly used in thoracic surgery,
but recently, using extracorporeal membrane oxygenation (ECMO) has increased in non-
cardiac surgery, including pulmonary neoplasm, trauma surgery and airway surgery. [1,2]
The use of ECMO provides operative stability and can prevent emergencies before surgery.
Therefore, ECMO may be an important facilitative therapy for many perioperative emer-
gencies [3]. In particular, some studies have provided sufficient evidence regarding the
application of ECMO within lung transplantation, huge mediastinal tumor resection,
complicated pulmonary neoplasm, airway surgery, and trauma surgery for operative
stability [3–7]. In addition, there is a case that ECMO provided safety and usefulness
to patients with unstable hemodynamic and respiratory during massive pulmonary em-
bolism surgery [8]. However, although ECMO has the advantage of being able to provide
operative stability, ECMO is still not commonly used in thoracic surgery for CPB.

ECMO can maintain organ perfusion and cardiac pump function and prevent end-
organ failure by maintaining systemic blood flow [9]. ECMO functions, such as reducing
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end-organ damage, can improve patients’ chances of recovery in reversible conditions and
prevent developing fatal conditions [3].

Intraoperative cardiac arrest is an unpredictable and unique event, which is directly
related to patient outcome and survival rate [10,11]. Intraoperative cardiopulmonary
resuscitation (CPR) and its management applied during intraoperative cardiac arrest differ
from those applied during the usual cardiac arrest [12].

In a previous study, the average rate of perioperative adverse events in thoracic
surgery was 0.2%, excluding those caused by anesthesia, and the most major adverse
events related to the operation were cardiac arrest and massive bleeding [13]. ECMO is
expected to reduce the adverse events that occur during thoracic surgery in that it can
respond urgently in case of cardiac arrest, and in the case of massive bleeding, a catheter
capable of massive transfusion is pre-inserted.

However, no studies have focused on the incidence of cardiac arrest with and without
ECMO application or the risk factors associated with intraoperative cardiac arrest. Further-
more, it is unclear whether ECMO can reduce the incidence of intraoperative cardiac arrest.
Management of intraoperative cardiac arrest is very different across different hospitals and
countries [14].

In this study, we investigated the incidence of intraoperative cardiac arrest according to
ECMO application in thoracic surgery and studied the risk factors associated with mortality
in patients who underwent intraoperative CPR. If an association between applying ECMO
and intraoperative cardiac arrest can be demonstrated, this study may provide evidence
that ECMO can increase the survival of patients undergoing thoracic surgery, providing a
safer surgical environment.

2. Material and Methods
2.1. Data Collection

We reviewed all patient data to investigate the incidence of intraoperative cardiac
arrest according to the timing of EMCO using patient medical records from January 2011
to October 2018. A total of 5804 patients underwent thoracic surgery during the study at
Pusan National University Yangsan Hospital, and 63 patients aged >18 years were treated
with ECMO. All patients who received ECMO at any time before surgery until the day of
surgery were included. The end-point of the surgery day was defined as the time at which
the operation was completed. Patients were divided into the emergency ECMO group
and the non-emergency ECMO group according to the timing of ECMO, and the clinical
outcomes of each group were compared. Emergency ECMO was defined as unplanned
insertion, and the non-emergency ECMO was defined as intentional insertion before the
operation. In total, 12 patients experienced lung surgery-associated infection, 15 patients
required airway surgery, 15 patients had malignancy, and 21 patients required trauma
surgery. We collected baseline data on age, sex, body mass index (BMI), acute physiology
and chronic health evaluation (APCHE) II score, sequential organ failure assessment (SOFA)
score, ASA, intraoperative cardiac arrest, ECMO indication, failed operation, transfusion
during operation, ongoing bleeding, OP-related mortality, type of operation, length of
hospital stay, ventilator weaning success, ECMO weaning success, and 30 day mortality.

Intraoperative cardiac arrest was defined as any cardiac arrest that occurred during
the perioperative and intraoperative periods. All cardiac arrests that occurred after the
patient arrived in the operating room, during induction, and at the time of leaving the
operating room were treated with extracorporeal cardiopulmonary resuscitation (E-CPR).
All cases of intraoperative E-CPR during anesthesia in the operative room were based on
anesthesia medical records. This study was approved by the Institutional Review Board
(05–2018–071).

2.2. ECMO and Anticoagulant Protocol

The ECMO device used was MAQUET PLS® or TERUMO EBS®. The ECMO system
was composed of an ECMO device, a centrifugal pump, and simplified Bioline-coated
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circuits. Veno-arterial (VA) ECMO was used for hemodynamic support. Cannulas were
inserted via the common femoral artery and femoral veins. Respiratory support was
provided via venovenous ECMO. A drainage cannula was inserted via the femoral vein,
and the return cannula was inserted via the right internal jugular vein. Before cannula
insertion, 50–70 IU/kg heparin was injected intravenously. Generally, additional heparin
was not injected because of the risk of bleeding. Activated partial thromboplastin time
(ACT) was used to monitor anticoagulation and was maintained between 160 and 190 s.
Cannulas were inserted using the Seldinger technique under ultrasound guidance.

2.3. Statistical Analysis

Data are expressed as the median and interquartile range (IQR). Descriptive statistics
are reported as numbers and percentages. To investigate the clinical outcomes according to
the timing of ECMO, baseline characteristics and outcomes were compared between the
groups using a t-test or Fisher’s exact test, where appropriate. Multivariate Cox regression
analyses with a backward stepwise selection method were performed to identify the
independent clinical factors of 30 day mortality. Results are expressed as odds ratios (ORs)
with 95% confidence intervals (CIs), and two-tailed p values of <0.05 were considered
significant. Survival curves and rates were obtained using Kaplan–Meier analyses, and
intergroup differences in survival were compared using the log-rank test. Statistical
analyses were performed using SPSS version 21 (SPSS, version 21.0; IBM Corp., Armonk,
NY, USA).

3. Results
3.1. Baseline Characteristics of Patients

A total of 63 patients who underwent thoracic surgery with ECMO were divided into
the emergency EMCO (n = 27) and the non-emergency ECMO (n = 36) groups according to
the timing of ECMO. Table 1 shows the differences between the two groups (Table 1).

Table 1. Basal characteristics of patients with emergency and non-emergency ECMO groups.

Variable

Timing of ECMO

Total
n = 63

Emergency
n = 27

Non-Emergency
n = 36 p-Values

Age, years (median, IQR) 54 (40–59) 50 (39–59) 54.5 (40.25–59.75) 0.880
Sex (male) 42 (66.7) 20 (74.1) 22 (61.1) 0.280

BMI, kg/m2 (median, IQR) 22.8 (19.8–25.4) 23.3 (20.5–25.8) 21.36 (19.05–25.16) 0.609
APACHE II (median, IQR) 12 (9–16) 16 (12–19) 11 (7–14) 0.001

SOFA (median, IQR) 10 (6–13) 11 (7–13) 10 (4–13.75) 0.209
ASA (median, IQR) 4 (3–5) 5 (4–5) 3 (3–4) <0.001

Inotropics † (n) 33 (52.4) 22 (81.5) 11 (30.6) <0.001
Emergency OP (n) 37 (58.7) 25 (92.6) 12 (33.3) <0.001

OP day CPR (n) 20 (31.7) 20 (74.1) 0 (0) <0.001
Intra OP cardiac arrest (n) 19 (30.2) 19 (70.4) 0 (0) <0.001

ECMO indication
CPR (n) 14 (22.2) 14 (51.9) 0 (0) <0.001

Hemodynamic (n) 7 (11.1) 6 (22.2) 1 (2.8) <0.001
Respiratory (n) 42 (66.7) 7 (25.9) 35 (97.2) <0.001
Failed OP ‡ (n) 7 (11.1) 7 (25.9) 0 (0) 0.001

OP time, min (median, IQR) 250 (140–340) 180 (135–290) 282.5 (160–343.75) 0.135
Transfusion during OP

RBC, pack (median, IQR) 3 (0–20) 16 (2–44) 0 (0–3) <0.001
FFP, pack (median, IQR) 1 (0–11) 9 (0–30) 0 (0–2.75) <0.001
PLT, pack (median, IQR) 0 (0–12) 0 (0–16) 0 (0–0) 0.057
EBL, mL (median, IQR) 1000 (300–3500) 2500 (1000–10,000) 500 (200–1175) 0.003
Post OP bleeding + (n) 12 (19.0) 11 (40.7) 1 (2.8) <0.001
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Table 1. Cont.

Variable

Timing of ECMO

Total
n = 63

Emergency
n = 27

Non-Emergency
n = 36 p-Values

Bleeding control (n) 11 (17.5) 10 (37.0) 1 (2.8) <0.001
Ongoing bleeding * (n) 26 (41.3) 19 (70.4) 7 (19.4) <0.001
OP related mortality (n) 13 (20.6) 10 (37.0) 3 (8.3) 0.005

OP Type
Trauma (n) 21 (33.3) 19 (70.4) 2 (5.6) <0.001
Airway (n) 15 (23.8) 1 (3.7) 14 (38.9) 0.001

Infection (n) 12 (19.0) 1 (3.7) 11 (30.6) 0.007
Malignancy (n) 15 (23.8) 6 (22.2) 9 (25.0) 0.798

ECMO: extracorporeal membrane oxygenation, BMI: body mass index, APACHE II: acute physiologic assessment and chronic health
evaluation II, SOFA: sequential organ failure assessment, ASA: American Society of Anesthesiologists, OP: operation, CPR: cardiopulmonary
resuscitation, ECPR: extracorporeal cardiopulmonary resuscitation, RBC: red blood cell, FFP: fresh frozen plasma, PLT: platelet, EBL:
estimated blood loss. † Inotropics is defined as an application of any one of vasopressin, norepinephrine, dopamine, dobutamine and
epinephrine. ‡ Failed OP was defined as the death of the patient. * Ongoing bleeding was a case where the bleeding continues even after
the surgery but stopped due to medical treatment, such as transfusion and hemostatics. + Postop bleeding was when there was much
bleeding that requires surgical control. The criteria for the amount of bleeding were set at 100 cc per hour in our center.

The severity measures for patients, such as APACHE II and ASA, were very higher in
the emergency ECMO group than in the non-emergency ECMO group (17.1% vs. 10.8%,
p = 0.001 and 3.8% vs. 4.3%, p < 0.001, respectively).

On the operation day, CPR was a very important result, only occurring in the emer-
gency ECMO group (74.1% vs. 0%, p < 0.001). Intraoperative CPR was performed in 19 of
20 CPRs performed (70.4% vs. 0%, p < 0.001), indicating that the perioperative or intraoper-
ative CPR rate was very high. This can be considered an unexpected or sudden cardiac
arrest. The remaining patient required CPR on the operation day. He was admitted to the
emergency room with cardiac arrest and recovered after cardiopulmonary resuscitation.

The rates of emergency operation were also significantly different between the emer-
gency ECMO group and the non-emergency ECMO group (92.6% vs. 33.3%, p < 0.001).
The most common cause of ECMO indication was CPR in the emergency ECMO group
and respiratory failure in the non-emergency ECMO group.

The emergency ECMO group required more transfusions of RBC, FFP, and PLT than
the non-emergency ECMO group (22.1 vs. 4.3 packs, p < 0.001, 14.7 vs. 2.1 packs, p < 0.001,
and 10.9 vs. 3.9 packs, p = 0.057, respectively).

Estimated blood loss (EBL), postoperative bleeding, ongoing bleeding, and bleeding
control were significantly different between the two groups (6205.6 vs. 1188.9 mL, p = 0.003;
40.7% vs. 2.8%, p < 0.001; 70.4% vs. 19.4%, p < 0.001, and 37.0% vs. 2.8%, p < 0.001, respectively).

The rate of trauma surgery was higher in the emergency ECMO group than in the
non-emergency ECMO group (n = 19, 70.4% vs. n = 2, 5.6%, p < 0.001). However, airway
surgery (n = 1, 3.7% vs. n = 14, 38.9%, p = 0.001) and infection surgery (n = 1, 3.7% vs.
n = 11, 30.6%, p = 0.007) were more common in the non-emergency ECMO group than in
the emergency ECMO group. There were no differences in malignancy surgery between
the two groups.

3.2. Clinical Outcomes

There were significant differences in 30 day mortality between the emergency ECMO
group and the non-emergency ECMO group (n = 12, 44.4% vs. n = 3, 8.3%, p = 0.001)
(Table 2). Although there was no difference in the length of postoperative ICU stay and
postoperative hospital stay between the two groups, the rates of ventilation weaning
(n = 13, 48.1% vs. n = 27, 75.0%, p = 0.028) and ECMO weaning (n = 17, 63.0% vs. n = 33,
91.7%, p = 0.005) were higher in the non-emergency ECMO group than in the emergency
ECMO group.
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Table 2. Primary clinical outcome.

Timing of ECMO

Variable Total
n = 63

Emergency
n = 27

Non-Emergency
n = 36 p-Values

30 days mortality (n) 15 (23.8) 12 (44.4) 3 (8.3) 0.001
Post OP ICU stay (day) 6 (2–28) 5 (1–26) 6.5 (3–33.25) 0.479

Post OP hospital stay (day) 23 (12–69) 14 (1–77) 34 (19–65.75) 0.146
Ventilator weaning (n) 40 (63.5) 13 (48.1) 27 (75.0) 0.028

ECMO weaning (n) 50 (79.4) 17 (63.0) 33 (91.7) 0.005
ECMO: extracorporeal membrane oxygenation, ICU: intensive care unit, OP: operation.

3.3. Cox Regression Analysis for Factors Associated with 30 Mortality

Univariate analyses showed OP date CPR (OR: 11.9, 95% CI: 3.1–46.2, p < 0.001),
intra-OP cardiac arrest (OR: 8.7, 95% CI: 2.4–31.7, p = 0.001), APACHE II score (OR: 1.1, 95%
CI: 1.0–1.2, p = 0.020), ECMO indication (OR: 0.2, 95% CI: 0.1–0.5, p < 0.001), OP-related
mortality (OR: 188.0, 95% CI: 18.0–1971.8, p < 0.001), and ECMO weaning (OR: 0.01, 95% CI:
0.003–0.098, p < 0.001) were associated with 30 day mortality (Table 3). All these variables
were included in the multivariate analysis, which showed that OP-related mortality (OR:
70.2, 95% CI: 5.5–892.4, p = 0.001) and ECMO weaning (OR: 0.1, 95% CI: 0.0–0.7, p = 0.021)
were associated with 30 day mortality (Table 3).

Table 3. Cox regression analysis for factors associated with 30 mortality.

Univariate Analysis Multivariate Analysis
OR (95% CI) p OR (95% CI) p

OP date CPR 11.9 (3.1–46.2) <0.001
Intra OP cardiac arrest 8.7 (2.4–31.7) 0.001

APACHE II 1.1 (1.0–1.2) 0.0020
ECMO indication 0.2 (0.1–0.5) <0.001

OP related mortality 188.0 (18.0–1971.8) <0.001 70.2 (5.5–892.4) 0.001
ECMO weaning 0.01 (0.003–0.098) <0.001 0.1 (0.0–0.7) 0.021

OR: odds ratio, OP: operation, CPR: cardiopulmonary resuscitation, APACHE II: acute physiologic assessment
and chronic health evaluation II, ECMO: extracorporeal membrane oxygenation.

3.4. Proportion of Survivors and Non-Survivors with or without CPR According to the Timing
of ECMO

Figure 1 shows the proportion of survivors and non-survivors according to the timing
of ECMO. Nineteen patients required intraoperative CPR, and eight patients required
non-intraoperative CPR in the emergency ECMO group. Nine of the 19 (47.4%) patients
survived in the intraoperative CPR group, while six of eight patients (75.0%) survived in the
non-intraoperative CPR group; the 30 day mortality rates were 25.0% and 52.6% (p = 0.187),
respectively. Non-intraoperative CPR was only required (n = 36) in the non-emergency
EMCO group. Among patients, who required non-intraoperative CPR, 91.7% (n = 33)
patients survived, and 8.3% (n = 3) patients did not survive.

3.5. Kaplan–Meier Analysis for 30-Day Mortality According to Timing of ECMO

The Kaplan–Meier analysis curve for 30 day mortality according to the timing of
ECMO in the emergency and non-emergency ECMO groups showed that the emergency
ECMO group had a significantly higher 30 day mortality rate than the non-emergency
ECMO group (X2 = 14.7, p < 0.001) (Figure 2).
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Figure 2. Kaplan–Meier analysis for 30 days mortality according to the timing of ECMO. Kaplan–
Meier analysis for 30 days mortality according to the timing of ECMO in emergency EMCO group
and non-emergency ECMO group. Emergency ECMO group had a significantly higher 30 days
mortality (X2 = 14.7, p < 0.001).

4. Discussion

In this study, based on the evidence that ECMO can guarantee the stability of preoper-
ative and perioperative [3–7], it was divided into emergency and non-emergency groups
according to the time of application of ECMO based on the time start of operation. If there
is a difference in stability according to the time of insertion of the ECMO, adverse events,
such as cardiac arrest, will also differ between the two groups. In particular, cardiac arrest
is a very important problem and is directly related to patient survival. Therefore, if there is
a significant difference between the two groups in the incidence of intraoperative cardiac
arrest, the timing of the ECMO insertion could give a very important meaning.
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We performed a retrospective analysis of the incidence of intraoperative cardiac
arrest, risk factors associated with intraoperative CPR, and 30 day mortality according
to the timing of ECMO. To determine whether the incidence of intraoperative cardiac
arrest was different according to the timing of ECMO, we compared the emergency and
non-emergency ECMO groups.

This study has the following important points. First, we observed that intraoperative
cardiac arrest occurred only in the emergency ECMO group (n = 19, 70.4%). The most com-
mon indication for intraoperative ECMO was CPR (n = 14, 51.9%), followed by respiratory
failure (n = 7, 25.9%) and hemodynamics (n = 6, 22.2%). Therefore, the high incidence of
intraoperative cardiac arrest in the emergency ECMO group was due to using E-CPR as
a treatment for cardiac arrest rather than the characteristics of the group. In other words,
some patients had stable vital signs before starting the surgery and underwent surgery
without ECMO, but cardiac arrest occurred during preparations for induction (n = 5, 26.3%)
or during surgery (n = 8, 42.1%). In contrast, the intraoperative cardiac arrest did not
occur in patients with trauma (n = 2, 5.6%) who had unstable initial vital signs and had
ECMO inserted before starting the operation. The difference between the two groups was
the timing of preoperative or intraoperative ECMO insertion during thoracic surgery. In
summary, intraoperative cardiac arrest occurred only during surgery without ECMO, and
the incidence of E-CPR was high in the emergency ECMO group. No intraoperative cardiac
arrest was observed in the non-emergency ECMO group. This demonstrated that the
timing of ECMO was significantly associated with the incidence of intraoperative cardiac
arrest during thoracic surgery.

Generally, bleeding is a very important factor in any operation, and a large EBL or
transfusion during surgery is a risk factor associated with poor postoperative outcomes and
mortality [15,16]. In this study, the most important cause of intraoperative cardiac arrest
was massive bleeding during E-CPR. Bleeding refers to all factors related to bleeding, such
as ongoing bleeding, transfusion during operation, and EBL. Intraoperative bleeding, which
describes EBL and transfusion during surgery, was a significant difference in both groups.
In addition, postoperative bleeding, which indicates ongoing bleeding and bleeding control,
showed significant p values. Previous studies have mainly focused on postoperative
outcomes and mortality. However, this study focused on the incidence of intraoperative
cardiac arrest associated with risk factors, such as bleeding. A meaningful statistical
difference in the incidence of intraoperative cardiac arrest and massive bleeding was
identified between the groups, and ECMO cannula was the biggest catheter that could
be inserted into the vessels. Thus, through the ECMO circuit, a large amount of blood
transfusion and fluid replacement is possible, and it is possible to maintain intravascular
volume and cardiopulmonary support [17].

Therefore, using ECMO may prevent intraoperative cardiac arrest in patients with
massive bleeding.

Further, there was a significant difference in the 30 day mortality rates between the
groups. The reason for this was the difference in the incidence of intraoperative cardiac
arrest between the emergency ECMO group and the non-emergency ECMO group. The
risk of mortality increases with the increasing incidence of intraoperative cardiac arrest
increases [18,19]. This study also confirmed that mortality is correlated with the incidence
of intraoperative cardiac arrest. In conclusion, the incidence of intraoperative cardiac
arrest differed according to the timing of ECMO, and mortality was high in the group
with a high incidence of intraoperative cardiac arrest. Therefore, if it is predicted that
hemodynamic instability or respiratory failure may occur during surgery, it is possible
to avoid adding ECMO in emergency situations; this would reduce the mortality rate in
such situations. Therefore, ECMO may be useful in patients with hemodynamic instability
(large mediastinal tumors compressing the heart and great vessels [20], tumors requiring
complex pulmonary resection [21], or trauma with massive bleeding [17]) or respiratory
failure (large mediastinal mass or pulmonary neoplasm compressing the airways [22],
trachea-bronchial surgery with carinal resection [23]) during surgery.
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All these cases were unpredictable intraoperative cardiac arrests. This was related to
the clinical outcome as 30 days mortality. The stability of the operating room is the most
important factor that must be consistently maintained not only for the patients but also
for the surgeon and anesthesiologist in charge of the surgery. As a result, surgeons should
always watch for intraoperative cardiac arrest and bear in mind that ECMO could be an
alternative treatment. This study is very meaningful in that it analyzes the relationship
between the timing of ECMO and intraoperative cardiac arrest for the first time.

This study is the first to analyze the relationship between the timing of ECMO and
intraoperative cardiac arrest; however, it has several limitations. First, the total number of
patients included was small, and the number between groups was also different. Therefore,
it is necessary to analyze more cases to provide sufficient information. Second, trauma has
a different physiological condition than other diseases. Trauma itself can cause many prob-
lems, including massive hemorrhagic complications or derangements in the coagulation
system due to consumption or loss of coagulation factors, hypothermia, or acidosis. This is
highly related to mortality. However, a closer look at the results of this study showed that
trauma did not have an absolute effect on mortality than other diseases. The mortality in
the emergency group was 12, among them 8 trauma, 1 airway, and 3 malignant tumors.
The mortality in the non-emergency group was 3, and mortality occurred in 1 malignant
tumor and 2 infections. This corresponds to 8/21 (38.1%) of the total trauma patients,
including the emergency and non-emergency groups, and shows a big difference from the
mortality of other disease groups of 7/42 (16.6%), excluding trauma patients. However,
reanalyzing only in the emergency situation reflecting that there are no trauma patients
in the non-emergency group, trauma mortality was as 8/19 (42%), the other group was
3/8 (37.5%). In this regard, we thought that there might be sufficient bias according to the
disease group, but nevertheless, the influence of whether the patient’s condition at the time
of ECMO is emergent or non-emergent would be very large, and this study was started.
Nevertheless, direct comparison of the trauma group with the other disease group may
have influenced the interpretation of the results. Finally, there is a limitation that levels of
management and treatment for ECMO are all different.

Generally, the ECMO insertion time is longer than the insertion time of the central
line. Therefore, in a group without enough experience, attempts to insert ECMO in urgent
situations may be more dangerous. This is why not all hospitals may have the same results
as this study.

5. Conclusions

In conclusion, we demonstrated that the lower incidence of intraoperative cardiac
arrest was in the non-emergency ECMO group based on the timing of ECMO. Moreover,
30 days mortality was significantly associated with the timing of ECMO. It was very high
in the emergency ECMO group. Our study suggests that ECMO may have benefits for a
safe surgical environment and patient safety.
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cardiopulmonary resuscitation, BMI: body mass index, APCHE II score: acute physiology
and chronic health evaluation II score, SOFA: sequential organ failure assessment, ASA:
anesthesiologist physical status, E-CPR: extracorporeal cardiopulmonary, EBL: estimated
blood loss.

References
1. Fierro, M.A.; Daneshmand, M.A.; Bartz, R.R. Perioperative Management of the Adult Patient on Venovenous Extracorporeal

Membrane Oxygenation Requiring Noncardiac Surgery. Anesthesiology 2018, 128, 181–201. [CrossRef] [PubMed]
2. Gillon, S.A.; Toufektzian, L.; Harrison-Phipps, K.; Puchakayala, M.; Daly, K.; Ioannou, N.; Meadows, C.I.; Wyncoll, D.L.; Barrett,

N.A. Perioperative Extracorporeal Membrane Oxygenation to Facilitate Lung Resection After Contralateral Pneumonectomy.
Ann. Thorac. Surg. 2016, 101, e71–e73. [CrossRef]

3. Foong, T.W.; Ramanathan, K.; Chan, K.K.M.; MacLaren, G. Extracorporeal Membrane Oxygenation During Adult Noncardiac
Surgery and Perioperative Emergencies: A Narrative Review. J. Cardiothorac. Vasc. Anesth. 2020, 35, 281–297. [CrossRef] [PubMed]

4. Rinieri, P.; Peillon, C.; Bessou, J.P.; Veber, B.; Falcoz, P.E.; Melki, J.; Baste, J.M. National review of use of extracorporeal membrane
oxygenation as respiratory support in thoracic surgery excluding lung transplantation. Eur. J. Cardio-Thorac. Surg. Off. J. Eur.
Assoc. Cardio-Thorac. Surg. 2015, 47, 87–94. [CrossRef] [PubMed]

5. Lang, G.; Ghanim, B.; Hotzenecker, K.; Klikovits, T.; Matilla, J.R.; Aigner, C.; Taghavi, S.; Klepetko, W. Extracorporeal membrane
oxygenation support for complex tracheo-bronchial procedures dagger. Eur. J. Cardio-Thorac. Surg. Off. J. Eur. Assoc. Cardio-Thorac.
Surg. 2015, 47, 250–255; discussion 256. [CrossRef]

6. Bonacchi, M.; Spina, R.; Torracchi, L.; Harmelin, G.; Sani, G.; Peris, A. Extracorporeal life support in patients with severe trauma:
An advanced treatment strategy for refractory clinical settings. J. Thorac. Cardiovasc. Surg. 2013, 145, 1617–1626. [CrossRef]

7. Ried, M.; Bein, T.; Philipp, A.; Muller, T.; Graf, B.; Schmid, C.; Zonies, D.; Diez, C.; Hofmann, H.S. Extracorporeal lung support
in trauma patients with severe chest injury and acute lung failure: A 10-year institutional experience. Crit. Care 2013, 17, R110.
[CrossRef]

8. Pavlovic, G.; Banfi, C.; Tassaux, D.; Peter, R.E.; Licker, M.J.; Bendjelid, K.; Giraud, R. Peri-operative massive pulmonary embolism
management: Is veno-arterial ECMO a therapeutic option? Acta Anaesthesiol. Scand. 2014, 58, 1280–1286. [CrossRef]

9. Chen, Z.; Liu, C.; Huang, J.; Zeng, P.; Lin, J.; Zhu, R.; Lu, J.; Zhou, Z.; Zuo, L.; Liu, G. Clinical Efficacy of Extracorporeal
Cardiopulmonary Resuscitation for Adults with Cardiac Arrest: Meta-Analysis with Trial Sequential Analysis. Biomed Res. Int.
2019, 2019, 6414673. [CrossRef] [PubMed]

10. Min, J.J.; Tay, C.K.; Ryu, D.K.; Wi, W.; Sung, K.; Lee, Y.T.; Cho, Y.H.; Lee, J.H. Extracorporeal cardiopulmonary resuscitation in
refractory intra-operative cardiac arrest: An observational study of 12-year outcomes in a single tertiary hospital. Anaesthesia
2018, 73, 1515–1523. [CrossRef] [PubMed]

11. Hinkelbein, J.; Andres, J.; Thies, K.-C.; De Robertis, E. Perioperative cardiac arrest in the operating room environment: A review
of the literature. Minerva Anestesiol. 2017, 83, 1190–1198.

12. Moitra, V.K.; Einav, S.; Thies, K.C.; Nunnally, M.E.; Gabrielli, A.; Maccioli, G.A.; Weinberg, G.; Banerjee, A.; Ruetzler, K.; Dobson,
G.; et al. Cardiac Arrest in the Operating Room: Resuscitation and Management for the Anesthesiologist: Part 1. Anesth. Analg.
2018, 126, 876–888. [CrossRef] [PubMed]

13. Li, Q.; Zhang, X.; Xu, M.; Wu, J. A retrospective analysis of 62,571 cases of perioperative adverse events in thoracic surgery at a
tertiary care teaching hospital in a developing country. J. Cardiothorac. Surg. 2019, 14, 98. [CrossRef]

14. Han, F.; Wang, Y.; Wang, Y.; Dong, J.; Nie, C.; Chen, M.; Hou, L. Intraoperative cardiac arrest: A 10-year study of patients
undergoing tumorous surgery in a tertiary referral cancer center in China. Medicine 2017, 96, e6794. [CrossRef]

15. Schiergens, T.S.; Stielow, C.; Schreiber, S.; Hornuss, C.; Jauch, K.W.; Rentsch, M.; Thasler, W.E. Liver resection in the elderly:
Significance of comorbidities and blood loss. J. Gastrointest. Surg. Off. J. Soc. Surg. Aliment. Tract 2014, 18, 1161–1170. [CrossRef]
[PubMed]

16. Giugliano, D.N.; Morgan, A.; Palazzo, F.; Leiby, B.E.; Evans, N.R.; Rosato, E.L.; Berger, A.C. Surgical Apgar score (SAS) predicts
perioperative morbidity, mortality, and length of stay in patients undergoing esophagectomy at a high-volume center. J. Surg.
Oncol. 2017, 116, 359–364. [CrossRef]

http://doi.org/10.1097/ALN.0000000000001887
http://www.ncbi.nlm.nih.gov/pubmed/28984630
http://doi.org/10.1016/j.athoracsur.2015.08.045
http://doi.org/10.1053/j.jvca.2020.01.025
http://www.ncbi.nlm.nih.gov/pubmed/32144062
http://doi.org/10.1093/ejcts/ezu127
http://www.ncbi.nlm.nih.gov/pubmed/24659317
http://doi.org/10.1093/ejcts/ezu162
http://doi.org/10.1016/j.jtcvs.2012.08.046
http://doi.org/10.1186/cc12782
http://doi.org/10.1111/aas.12411
http://doi.org/10.1155/2019/6414673
http://www.ncbi.nlm.nih.gov/pubmed/31360719
http://doi.org/10.1111/anae.14412
http://www.ncbi.nlm.nih.gov/pubmed/30255929
http://doi.org/10.1213/ANE.0000000000002596
http://www.ncbi.nlm.nih.gov/pubmed/29135598
http://doi.org/10.1186/s13019-019-0921-z
http://doi.org/10.1097/MD.0000000000006794
http://doi.org/10.1007/s11605-014-2516-2
http://www.ncbi.nlm.nih.gov/pubmed/24715360
http://doi.org/10.1002/jso.24662


J. Clin. Med. 2021, 10, 1977 10 of 10

17. Park, J.M.; Kim, C.W.; Cho, H.M.; Son, B.S.; Kim, D.H. Induced airway obstruction under extracorporeal membrane oxygenation
during treatment of life-threatening massive hemoptysis due to severe blunt chest trauma. J. Thorac. Dis. 2014, 6, E255–E258.
[PubMed]

18. Kim, S.H.; Kil, H.K.; Kim, H.J.; Koo, B.N. Risk Assessment of Mortality Following Intraoperative Cardiac Arrest Using POSSUM
and P-POSSUM in Adults Undergoing Non-Cardiac Surgery. Yonsei Med. J. 2015, 56, 1401–1407. [CrossRef]

19. Goswami, S.; Brady, J.E.; Jordan, D.A.; Li, G. Intraoperative cardiac arrests in adults undergoing noncardiac surgery: Incidence,
risk factors, and survival outcome. Anesthesiology 2012, 117, 1018–1026. [CrossRef]

20. Frey, T.K.E.; Chopra, A.; Lin, R.J.; Levy, R.J.; Gruber, P.; Rheingold, S.R.; Hoehn, K.S. A child with anterior mediastinal mass
supported with veno-arterial extracorporeal membrane oxygenation. Pediatric Crit. Care Med. 2006, 7, 479–481. [CrossRef]

21. Reis, F.P.D.; Costa, A.N.; Lauricella, L.L.; Terra, R.M.; Pêgo-Fernandes, P.M. Intraoperative support with venovenous extra-
corporeal membrane oxygenation for complex thoracic oncologic resection. J. Bras. Pneumol. 2020, 46, e20180416. [CrossRef]
[PubMed]

22. Kitazawa, S.; Kobayashi, N.; Ueda, S.; Enomoto, Y.; Inoue, Y.; Shiozawa, T.; Sekine, I.; Kawai, H.; Noguchi, M.; Sato, Y. Successful
use of extracorporeal membrane oxygenation for airway-obstructing lung adenocarcinoma. Thorac. Cancer 2020, 11, 3024–3028.
[CrossRef] [PubMed]

23. Lee, H.S.; Kim, H.S.; Shin, H.S.; Kim, S.J.; Cho, S.W.; Kim, K.I. Carinal Reconstruction and Sleeve Right Upper Lobectomy Assisted
with Extracorporeal Membrane Oxygenator for Non-small Cell Lung Cancer—A case report. Korean J. Thorac. Cardiovasc. Surg.
2011, 44, 193–196. [CrossRef] [PubMed]

http://www.ncbi.nlm.nih.gov/pubmed/25590003
http://doi.org/10.3349/ymj.2015.56.5.1401
http://doi.org/10.1097/ALN.0b013e31827005e9
http://doi.org/10.1097/01.PCC.0000235247.10880.F8
http://doi.org/10.1590/1806-3713/e20180416
http://www.ncbi.nlm.nih.gov/pubmed/31967273
http://doi.org/10.1111/1759-7714.13623
http://www.ncbi.nlm.nih.gov/pubmed/32844533
http://doi.org/10.5090/kjtcs.2011.44.2.193
http://www.ncbi.nlm.nih.gov/pubmed/22263151

	Introduction 
	Material and Methods 
	Data Collection 
	ECMO and Anticoagulant Protocol 
	Statistical Analysis 

	Results 
	Baseline Characteristics of Patients 
	Clinical Outcomes 
	Cox Regression Analysis for Factors Associated with 30 Mortality 
	Proportion of Survivors and Non-Survivors with or without CPR According to the Timing of ECMO 
	Kaplan–Meier Analysis for 30-Day Mortality According to Timing of ECMO 

	Discussion 
	Conclusions 
	References

