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Extracorporeal membrane
oxygenation in critically ill
patients with active hematologic
and non-hematologic
malignancy: a literature review

Roberto Rabello Filho*', Daniel Joelsons' and
Bruno de Arruda Bravim

Department of Critical Care Medicine, Hospital Israelita Albert Einstein, Sdo Paulo, Brazil

Combined progress in oncology and critical care medicine has led to new
aspirations and discussions in advanced life support modalities in the intensive
careunit. Overthelastdecade, extracorporealmembrane oxygenation, previously
considered unsuitable for oncologic patients, has become increasingly popular,
with more diverse applications. Nevertheless, mortality remains high in critically
ill cancer patients, and eligibility for extracorporeal membrane oxygenation
can be extremely challenging. This scenario is even more difficult due to the
uncertain prognosis regarding the underlying malignancy, the increased rate of
infections related to intensive care unit admission, and the high risk of adverse
events during extracorporeal membrane oxygenation support. With advances
in technology and better management involving extracorporeal membrane
oxygenation, new data on clinical outcomes can be found. Therefore, this review
article evaluates the indicators for extracorporeal membrane oxygenation in
different types of oncology patients and the possible subgroups that could
benefit from it. Furthermore, we highlight the prognosis, the risk factors for
complications during this support, and the importance of decision-making
based on a multidisciplinary team in the extracorporeal membrane oxygenation
indication.
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1 Introduction

The continuous development in medical technology and chemotherapeutic agents has
improved the prognosis of patients with solid and hematological malignancies (1, 2). In
particular, the advances in hematopoietic cell transplantation (HCT) have expanded patient
eligibility, with good disease-free outcomes (3, 4). Combined progress in oncology and critical
care medicine has led to new aspirations and discussions about advanced life support
modalities, such as extracorporeal membrane oxygenation (ECMO), previously considered
unsuitable for these patients (5, 6).
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Nevertheless, mortality remains high in critically ill oncology
patients. It is mainly associated with some factors, such as emergency
medical admissions, treatment-related reactions, organ dysfunction,
and disease progression (7, 8). The main reason for intensive care unit
(ICU) admission among patients with cancer is acute respiratory
failure, and the mortality rate in patients requiring mechanical
ventilation is above 70% (9).

For patients with severe acute respiratory failure in whom
conventional mechanical ventilation fails, veno-venous
extracorporeal membrane oxygenation (VV-ECMO) can be a rescue
treatment option (10). Veno-venous ECMO provides extracorporeal
gas exchange to maintain carbon dioxide removal and adequate
oxygenation to avoid ventilator-induced lung injury (VILI) until the
cause of severe respiratory failure has resolved (11). Furthermore,
ECMO can also provide circulatory support. Veno-arterial ECMO
(VA-ECMO) is indicated in cardiogenic shock to maintain a patient’s
systemic perfusion as a bridge to myocardial tissue recovery,
destination therapy with left ventricular assist device placement, or
heart transplant (12).

Over the last decade, ECMO as a potentially lifesaving
intervention has become increasingly popular, with more diverse
applications. Technological advances in circuits and improvements
in clinical management have resulted in better outcomes (13, 14).
Recently, data from the registry of the Extracorporeal Life Support
Organization (ELSO), which manages the record of operational
ECMO centers globally, indicated a hospital discharge rate of 58% in
adults and 69% in pediatric pulmonary support with ECMO (15). In
particular, support in cases of severe acute respiratory distress
syndrome (ARDS) has caused a rise in the use of ECMO in oncology
patients (16).

Despite these advances, patient selection criteria for eligibility for
ECMO is an ongoing controversy. This is especially true for cancer
patients, given the uncertain prognosis regarding the underlying
malignancy, the increased rate of infections related to ICU admission,
and the high risk of severe ECMO-related adverse events (17).
Consequently, ELSO includes immunosuppression as a relative risk
factor for ECMO indication, and the arbitrary indication of ECMO
resources can place an elevated financial strain on the healthcare
system (11, 18). Therefore, given the complexity of this topic, this
study aimed to review how ECMO can be indicated to support
different types of oncology patients, evaluate the risks and prognosis
of oncology patients who receive ECMO, and discuss the subgroups
of oncology patients who could benefit from ECMO.

2 ECMO and cardio-respiratory
support

With the development of better capacity to inhibit tumor growth,
new treatment options for severe cancer patients are emerging. The
increase in life expectancy also brings a greater risk of associated
complications, and, among them, acute respiratory failure stands out.
Possible indications of ECMO among these patients may have room
for discussion. With advances in technology and better care involved
in patients undergoing ECMO therapy, new data on clinical outcomes
can be found. However, solid tumors and hematological malignancies
differ in their pathogenesis, treatment, complications, and patient
prognosis; therefore, they should be discussed separately.
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2.1 Solid tumors

Gow et al. evaluated data from 72 adult oncologic patients who
were considered for extracorporeal life support; of these, 47 had solid
tumors, 21 had hematologic malignancies, and 4 underwent
hematopoietic stem cell transplantation. Among these patients, 54
required ECMO for respiratory support, and the median duration of
ECMO was 4.1 days. Overall, 44 patients (61%) died on ECMO, 23
patients (32%) survived hospital discharge, and 5 patients (7%)
survived during ECMO assistance but died before discharge. The
authors found that pulmonary support as a reason for ECMO,
impaired lung function before ECMO, and the development of
infection were the major risk factors for death in this population (19).

In 2015, Wu et al. conducted another retrospective study
evaluating 14 cancer patients (solid malignancies in 13 patients and
hematological malignancy in 1 patient) who received VV-ECMO for
severe acute respiratory failure that developed within 3 months after
anticancer therapies. The indication of VV-ECMO was a PaO,/FiO,
ratio of less than 70 mmHg under advanced mechanical ventilation.
The authors found a median ECMO weaning rate of 50% (7 patients)
and a hospital survival rate of 29% (4 patients). Survival was not
observed among patients presenting with progressive or recurrent
malignancy, severe neutropenia, or acute renal failure necessitating
dialysis during the ICU stay (20).

In a more recent and larger cohort of cancer patients treated with
VV-ECMO, Kochanek et al. analyzed retrospectively the clinical
characteristics and outcomes of 297 cancer patients from 19 German
and Austrian hospitals who underwent VV-ECMO between 2009 and
2019. In this population, 59 (54%) had a solid tumor, and 138 (47%)
had a hematologic malignancy. The survival rate for the entire
population was 26.8% at 60 days. Platelet count, elevated lactate levels,
and disease status (progressive disease or newly diagnosed) were
independent adverse prognostic factors for mortality. The authors also
observed a high rate of severe bleeding episodes (38%), and severe
hemorrhage episodes during ECMO were associated with increased
ECMO-related mortality. The main clinical factors that were correlated
with an increased risk of bleeding were thrombocytopenia and recent
chemotherapy, justifying the negative prognostic impact of
thrombocytopenia in the analyses. In addition, a propensity score-
matched analysis demonstrated that the outcome of cancer patients
receiving ECMO was not superior to patients treated only with
conventional mechanical ventilation (16).

Another large study on this topic reported the outcomes of 203
immunocompromised patients with severe ARDS requiring
VV-ECMO, including 101 patients with cancer. The overall outcome
of cancer patients receiving VV-ECMO support as a rescue treatment
for acute respiratory failure was also poor. The survival rate of cancer
patients in this study was comparable to that in the study by Kochanek
et al. (6-month overall survival of 30% versus a 60-day overall survival
0f 26.8%). Most deaths occurred within the first 30 days of ECMO, and
after 60 days, the Kaplan—Meier survival curve reached a plateau (17).

The combined evaluation of these data highlights the insufficient
knowledge to select patients who can benefit from VV-ECMO and the
importance of a careful multidisciplinary approach for indicating
ECMO support. Despite the high mortality demonstrated in this
subgroup of the critically ill patient population, judicious use of
ECMO support could be beneficial to a very small population of

oncology patients. Factors, including organic dysfunctions,
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thrombocytopenia, neutropenia, and, mainly, oncological disease
status are indicators of poor prognosis that should be accounted for in
the decision to provide VV-ECMO in cancer patients. Considering the
methodology of the studies evaluated, the oncologic patient prognosis
on ECMO requires further investigation. Studies specifically
evaluating the prognosis in solid tumor patients with high functional
status are needed.

2.2 Hematological malignancies

Recent advances in chemotherapy and hematopoietic stem cell
transplant (HSCT) have benefited patients with hematologic
malignancies (HM) such as leukemia, lymphoma, and multiple
myeloma (21). Despite this, up to 50% of hospitalized inpatients may
require invasive mechanical ventilation (MV), and the need for MV is
associated with a worse outcome in patients with HM admitted to the
ICU (22).

However, current studies have shown that the ICU mortality rates
of HM patients have declined significantly over the last two decades
(23, 24). A large prospective, observational cohort study performed in
17 centers in France and Belgium evaluated 1,011 patients to assess
the outcomes of HM patients admitted to the ICU. The authors
demonstrated a mortality rate of 39.3%, significantly lower than in
previous studies. Moreover, the subsequent disease-control rate of
6 months after discharge from the hospital was 80% (24). Although
patients on ECMO were not specifically analyzed, this study revealed
that this population might have demonstrated better survival rates in
the ICU.

However, the complex nature of patients with HMs may increase
the risk of complications in the ICU, especially under ECMO support
(24, 25). The additional use of chemotherapy increases the incidence
of cytopenias and extended periods of marrow aplasia, making the
patients more susceptible to viral, bacterial, and fungal infections (26).
Furthermore, prolonged use of ECMO is also associated with a greater
risk of infection (25). Thus, the initiation and management of ECMO
support in these patients must be even more careful.

Recently, studies involving a variety of adults with HMs were
conducted to assess the effect of ECMO on clinical outcomes. In a
study conducted in South Korea, Kang et al. performed a retrospective
review of clinical outcomes in 15 patients with HMs under ECMO
support after the failure of optimal conventional therapy. Among the
patients with HMs, ten had leukemia, including eight with acute
myelogenous leukemia and two with acute lymphoblastic leukemia.
Their outcomes were compared to 33 immunocompetent patients
with cardiorespiratory failure who also needed ECMO support. While
the incidence of bleeding events in the HMs group did not differ from
that in the immunocompetent group, the HM patients presented
significantly higher mortality rates, partially attributed to infections
and hyperbilirubinemia during ECMO (27).

These findings are supported by another retrospective cohort study
of 14 adult patients with HMs, all of whom received ECMO support due
to severe acute respiratory failure, in which the incidence of bleeding
complications was not higher in patients with hematologic malignancies
than in control patients. The population included a variety of aggressive
HM:s, including non-Hodgkin lymphoma, Hodgkin lymphoma, acute
myeloid leukemia, and multiple myeloma. Eleven patients received
VV-ECMO, and three patients received VA-ECMO. The results were
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better than in previous studies, showing that 50% of the patients
survived the ICU and hospital stay. Moreover, the long-term survival
was 100% after a 36-month follow-up after hospital discharge (28). This
study was the first to demonstrate that ECMO can be feasible for
selected patients with HMs, with favorable long-term outcomes.

The reasons for the improved results of the study by Wohlfarth
et al. should be thoroughly discussed. First, the sample size was small,
with highly selective patients. In addition, most patients in the
Wohlfarth et al. study had lymphoma, and, in comparison to other
hematological malignancies, acute leukemia presents a poor prognosis
in the ICU (22). Second, the retrospective design of the study did not
allow conclusions about the true efficacy of ECMO in HM patients.
Third, the data reflected the experience of a single institution
specifically dedicated to the treatment of cancer patients and ARDS,
including ECMO support. This calls for systematic prospective studies
in the future with a larger sample size.

2.2.1 Hematopoietic stem cell transplantation

Pulmonary complications are considered a major source of
morbidity and mortality following allogeneic hematopoietic stem cell
transplantation (HSCT) (29). Acute respiratory distress syndrome can
develop in about 16% of malignant and non-malignant hematologic
patients undergoing allogeneic hematopoietic stem cell transplantation
and about 3% of patients undergoing autologous hematopoietic stem
cell transplantation in the first year of HSCT (30). These findings
suggest that ECMO can be discussed with HSCT recipients with
severe ARDS as a rescue therapy in refractory cases.

A retrospective multicenter study conducted in 2017 analyzed 37
HSCT recipients treated with VV-ECMO for ARDS to evaluate outcomes
in this specific population of critically ill patients. ICU admission
occurred at a median of 146 days after allogeneic HSCT, and the main
reason for ARDS was pneumonia (81% of patients). The number of
complications was high; 14 patients (38%) experienced bleeding events,
of which 6 (16%) events were associated with fatal outcomes (31).
Overall, 7 patients (19%) survived hospital discharge and were alive after
an 18-month follow-up. However, 6 of 13 (46%) patients who started
ECMO after 240 days of HSCT survived (32). These findings suggest that
survival rates in post-HSCT patients do not support the use of ECMO
for ARDS in this group. On the other hand, long-term allogeneic HSCT
recipients may be potential candidates after careful selection.

A retrospective monocentric study conducted in 2018 assessed 25
cancer patients treated with ECMO for ARDS, 11 of whom had
undergone HSCT. The main reason for ARDS was also pneumonia
(72%), and all patients were under invasive MV at ECMO support.
Overall, 17 (68%) of these patients died, and only 20% survived until
hospital discharge (35%). All patients after recent allogeneic HSCT
died. Furthermore, the number of severe bleeding events was once
again high (33). Accordingly, in these retrospective studies described
above, it appears that except for specific cases, HSCT recipients
complicated by ARDS treated with ECMO have a high risk of
complications and a high mortality rate, discouraging the routine use
of ECMO in this population.

3 ECMO for surgery support

In cardiopulmonary surgeries, the need for hemodynamic
support such as cardiac bypass is a common occurrence. Recent
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trends favor the use of ECMO over traditional extracorporeal
circulation (ECC) for a variety of reasons. The predominant advantage
of ECC lies in its capacity for a complete replacement of
cardiopulmonary bypass (CPB), coupled with the potential for
autotransfusion. On the other hand, VA-ECMO with peripheral
cannulation offers several distinct benefits. These include the method
of peripheral cannulation itself, the requirement for lower
anticoagulation levels (which are further reduced in VV-ECMO),
minimized cardioplegia, a circuit characterized by enhanced
biocompatibility, and a diminished inflammatory response (31,
34, 35).

In cases of pulmonary tumors, surgery can serve as a crucial
adjunct to the curative process of cancer treatment. Particularly in
advanced neoplasms, with extensive disease or tumors located in
unfavorable positions, the use of cardiac bypass during the
intraoperative phase may be necessary. Surgery, in these instances,
becomes an essential component of a comprehensive treatment
strategy, addressing the complexities and challenges posed by such
critical tumor locations. In a high-volume French center, over 30 years,
201 patients underwent surgeries for invasions into the superior vena
cava, carina, thoracic aorta, left atrium, or pulmonary artery trunk. Of
these, merely 13 cases necessitated the use of CPB, suggesting that the
need for extracorporeal support was a rare event in such
procedures (36).

Byrne et al. published their experience in highly complex surgeries
for thoracic neoplasia. Over a decade, they performed 14 surgeries
using extracorporeal circulation, a time when ECMO was not the
preferred option and the use of ECC itself in such cases was
controversial. Among the patients who underwent surgery for
resection of locally advanced thoracic malignancies, eight cases were
pre-planned with centrally located tumors, while six cases needed
emergency ECC due to injury to the superior vena cava (two cases),
inferior vena cava (two cases), or pulmonary artery (two cases).
Remarkably, complete tumor resection was achieved in 12 of these
patients, accounting for an 86% success rate. There was one
intraoperative fatality caused by pulmonary embolism; notably, all
other patients recovered successfully and were discharged from the
hospital (37).

In a retrospective study conducted in Vienna, Lang et al. described
their group’s experience with oncological surgeries, specifically
employing VA-ECMO. The study involved a total of nine patients
undergoing surgeries, comprising six cases of complex
tracheobronchial resections and three cases of resections involving
major thoracic vessels. The team successfully achieved total tumor
resection in eight patients. There was a single perioperative death
attributed to hepatic necrosis. Impressively, the study reported a
5-year survival rate of 76.7% (38).

In a meta-analysis conducted by Muralidaran et al., 20 articles
were reviewed focusing on the use of CPB in primary lung cancer
resections. The study encompassed a total of 72 patients, with 74%
undergoing pneumonectomy. Additionally, 43% of the cases
involved resection of the aorta, 25% involved the left atrium, and
11% involved the pulmonary artery. The overall 5-year survival
rate was 37%. Notably, the results of the multivariate analysis
revealed that the planned versus unplanned use of CPB was the
only factor significantly associated with survival, showing an odds
ratio of 0.28 with a 95% confidence interval (CI) of 0.09 to
0.90 (39).
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4 Bridge for chemotherapy

The literature on this topic is scarce, with the majority being case
reports and expert opinions. Meltzer et al. reported a case involving a
40-year-old patient with lymphoma encasing both the right and left
ventricles. The patient experienced decompensation from heart failure
before the induction of chemotherapy, which precluded the initiation
of therapy. In this scenario, VA-ECMO was proposed as a bridge to
treatment, enabling the commencement of chemotherapy. The patient
subsequently showed tumor remission and successful decannulation
from ECMO (40).

Allain et al. reported a case involving a 65-year-old man who
experienced cardiogenic shock and required support with
VA-ECMO. Following the stabilization of his condition, the patient
was diagnosed with primary cardiac lymphoma. Subsequently,
chemotherapy was administered, and the patient showed
hemodynamic improvement, leading to the withdrawal of ECMO
support and the recovery of cardiac function (41).

In another case report, Chung et al. described a 22-year-old
woman who initially presented with symptoms of dyspnea and was
diagnosed with pulmonary thromboembolism. Faced with
hemodynamic instability, the patient required the implementation of
VA-ECMO. Subsequently, the patient underwent a pulmonary
embolectomy to treat her critical circulatory collapse. Despite the
procedure, her clinical condition did not improve. Further
histopathological examination revealed the presence of metastatic
choriocarcinoma. Given her persistent hemodynamic instability, the
medical team decided to initiate chemotherapy supported by
ECMO. This intervention led to a positive treatment response, and
after a 3-month hospital stay, she was successfully discharged (42).

In conclusion, the literature on using ECMO as a bridge to
chemotherapy is quite limited, predominantly restricted to case
reports. There is the potential for significant bias in this area, as it is
likely that only cases with positive outcomes are reported. Instances
where patients do not survive are less frequently published. The ELSO
itself categorizes such patients as having a relative contraindication to
ECMO. Therefore, with careful clinical judgment and discernment, a
might benefit from ECMO to

small subset of patients

initiate chemotherapy.

5 The role of the multidisciplinary
team

Given the rate of complications and the high risk of severe
ECMO-related adverse events in oncologic patients, the routine use
of ECMO in this population is discouraged. It is clear from the data
demonstrated above that the population of oncology patients has high
mortality when ECMO is required. For solid tumors, the long-term
survival rates range from 26 to 32%. In patients with hematological
malignancies, studies demonstrate high variability, with mortality
rates ranging from 50 to 100%. In this specific subgroup, there are few
studies available and a low number of patients are analyzed. Therefore,
both the initiation and management of ECMO support must be careful
in this population.

The high mortality rate in cancer patients treated with ECMO can
be explained by the complications associated with the severity of the
oncologic disease, in addition to the inability to manage the ECMO
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support. However, a team approach with intensive multidisciplinary
discussions demonstrated a good experience with the possibility of
achieving good outcomes with ECMO for cardio-respiratory support
in an extremely severe population during the COVID-19 pandemic,
even in low-volume ECMO centers (43).

Therefore, one of the most pertinent factors in achieving better
outcomes requires implementing and maintaining ECMO support
without major complications. This complex management can only
be achieved with a multidisciplinary team integrated into care. The
rigorous assessment of oncological prognosis by oncologists, adequate
treatment of pneumonia by pulmonologists, management of
hemorrhagic and thrombotic complications by hematologists, high-
quality intensive care by critical care physicians and nurses, and safe
ECMO initiation and management by cardiac surgeons and
perfusionists are necessary. Furthermore, it would be recommended
that, given the severity and complexity of these cases, a team
specializing in palliative care should be close to the patients and their
families, offering psychological and symptom management support
for comprehensive and humanized care.

6 Conclusion

Given the uncertainty regarding the value of ECMO support in
this patient population, the decision to utilize ECMO should involve
a multidisciplinary team. Important factors, such as organic
dysfunctions, thrombocytopenia or neutropenia, and mainly
oncological disease status, can be indicators of poor prognosis and,
thus, should be accounted for in the decision regarding ECMO in
patients with cancer. Functional status can be a valuable parameter for
prospective studies. Furthermore, considering the methodology of the
studies evaluated, the oncologic patient prognosis on ECMO requires
further investigation. Studies with larger sample sizes and cohorts are
needed to create well-defined guidelines to guarantee that intensivists

References

1. Bay JO, Guiéze R, Ravinet A, Lemal R, Xhaard A, Bailly S, et al. Major therapeutic
advances and new perspectives in onco-hematology. Bull Cancer. (2013) 100:587-99.
doi: 10.1684/bdc.2013.1751

2. William BM, de Lima M. Advances in conditioning regimens for older adults
undergoing allogeneic stem cell transplantation to treat hematologic malignancies.
Drugs Aging. (2013) 30:373-81. doi: 10.1007/s40266-013-0076-x

3. Chima RS, Daniels RC, Kim MO, Li D, Wheeler DS, Davies SM, et al. Improved
outcomes for stem cell transplant recipients requiring pediatric intensive care. Pediatr
Crit Care Med. (2012) 13:e336-42. doi: 10.1097/PCC.0b013e318253¢945

4. Jensen MLN, Nielsen JSA, Nielsen ], Lundstrom KE, Heilmann C, Ifversen M.
Declining mortality rates in children admitted to ICU following HCT. Pediatr
Transplant. (2021) 25:e13946. doi: 10.1111/petr.13946

5. Dalton H]J. Extracorporeal membrane oxygenation in immunocompromised
patients: avoiding the incurable or missing opportunities? Pediatr Crit Care Med. (2008)
9:442-4. doi: 10.1097/PCC.0b013e318172ec69

6. Schmidt M, Bréchot N, Combes A. Ten situations in which ECMO is unlikely
to be successful. Intensive Care Med. (2016) 42:750-2. doi: 10.1007/
s00134-015-4013-9

7. Bosch-Compte R, Visa L, Rios A, Duran X, Ferndndez-Real M, Gomariz-Vilaldach
G, et al. Prognostic factors in oncological patients with solid tumours requiring intensive
care unit admission. Oncol Lett. (2023) 26:525. doi: 10.3892/01.2023.14112

8. Puxty K, McLoone P, Quasim T, Sloan B, Kinsella J, Morrison DS. Risk of critical
illness among patients with solid cancers: a population-based observational study. JAMA
Oncol. (2015) 1:1078-85. doi: 10.1001/jamaoncol.2015.2855

9. Reichner CA, Thompson JA, O'Brien S, Kuru T, Anderson ED. Outcome and code
status of lung cancer patients admitted to the medical ICU. Chest. (2006) 130:719-23.
doi: 10.1378/chest.130.3.719

Frontiers in Medicine

10.3389/fmed.2024.1394051

and hemato-oncologists may better approach the management of
cancer patients with a possible ECMO indication.

Author contributions

REF: Conceptualization, Data curation, Investigation, Methodology,
Writing - original draft, Writing - review & editing. DJ:
Conceptualization, Methodology, Supervision, Writing - original
draft, Writing - review & editing. BB: Investigation, Project
administration, Validation, Writing - review & editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any
product that may be evaluated in this article, or claim that may
be made by its manufacturer, is not guaranteed or endorsed by the
publisher.

10. Combes A, Hajage D, Capellier G, Demoule A, Lavoué S, Guervilly C, et al.
Extracorporeal membrane oxygenation for severe acute respiratory distress syndrome.
N Engl ] Med. (2018) 378:1965-75. doi: 10.1056/NEJMo0a1800385

11. Combes A, Brodie D, Bartlett R, Brochard L, Brower R, Conrad S, et al. Position
paper for the organization of extracorporeal membrane oxygenation programs for acute
respiratory failure in adult patients. Am ] Respir Crit Care Med. (2014) 190:488-96. doi:
10.1164/rccm.201404-0630CP

12. Ratnani I, Tuazon D, Zainab A, Uddin E The role and impact of extracorporeal
membrane oxygenation in critical care. Methodist Debakey Cardiovasc J. (2018)
14:110-9. doi: 10.14797/mdcj-14-2-110

13. Baek MS, Lee SM, Chung CR, Cho WH, Cho Y], Park S, et al. Improvement in the
survival rates of extracorporeal membrane oxygenation-supported respiratory failure
patients: a multicenter retrospective study in Korean patients. Crit Care. (2019) 23:1. doi:
10.1186/s13054-018-2293-5

14. Karagiannidis C, Brodie D, Strassmann S, Stoelben E, Philipp A, Bein T, et al.
Extracorporeal membrane oxygenation: evolving epidemiology and mortality. Intensive
Care Med. (2016) 42:889-96. doi: 10.1007/s00134-016-4273-z

15. Tonna JE, Boonstra PS, MacLaren G, Paden M, Brodie D, Anders M, et al.
Extracorporeal Life Support Organization (ELSO) member centers group.
Extracorporeal life support organization registry international report 2022: 100,000
survivors. ASAIO ] (2024) 70:131-43. doi: 10.1097/MAT.0000000000002128

16. Kochanek M, Kochanek J, Boll B, Eichenauer DA, Beutel G, Bracht H, et al. Veno-
venous extracorporeal membrane oxygenation (vv-ECMO) for severe respiratory failure
in adult cancer patients: a retrospective multicenter analysis. Intensive Care Med. (2022)
48:332-42. doi: 10.1007/s00134-022-06635-y

17. Schmidt M, Schellongowski P, Patroniti N, Taccone FS, Reis Miranda D, Reuter J,
et al. Six-month outcome of immunocompromised patients with severe acute respiratory

frontiersin.org


https://doi.org/10.3389/fmed.2024.1394051
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1684/bdc.2013.1751
https://doi.org/10.1007/s40266-013-0076-x
https://doi.org/10.1097/PCC.0b013e318253c945
https://doi.org/10.1111/petr.13946
https://doi.org/10.1097/PCC.0b013e318172ec69
https://doi.org/10.1007/s00134-015-4013-9
https://doi.org/10.1007/s00134-015-4013-9
https://doi.org/10.3892/ol.2023.14112
https://doi.org/10.1001/jamaoncol.2015.2855
https://doi.org/10.1378/chest.130.3.719
https://doi.org/10.1056/NEJMoa1800385
https://doi.org/10.1164/rccm.201404-0630CP
https://doi.org/10.14797/mdcj-14-2-110
https://doi.org/10.1186/s13054-018-2293-5
https://doi.org/10.1007/s00134-016-4273-z
https://doi.org/10.1097/MAT.0000000000002128
https://doi.org/10.1007/s00134-022-06635-y

Filho et al.

distress syndrome rescued by extracorporeal membrane oxygenation. An international
multicenter retrospective study. Am J Respir Crit Care Med. (2018) 197:1297-307. doi:
10.1164/rccm.201708-17610C

18. Tonna JE, Abrams D, Brodie D, Greenwood JC, Rubio Mateo-Sidron JA, Usman
A, et al. Management of Adult Patients Supported with Venovenous Extracorporeal
Membrane Oxygenation (VV ECMO): Guideline from the Extracorporeal Life Support
Organization (ELSO). ASAIO J. (2021) 67:601-10. doi: 10.1097/MAT.0000000000001432

19. Gow KW, Lao OB, Leong T, Fortenberry JD. Extracorporeal life support for adults
with malignancy and respiratory or cardiac failure: the extracorporeal life support
experience. Am J Surg. (2010) 199:669-75. doi: 10.1016/j.amjsurg.2010.01.018

20. Wu MY, Wu TI, Tseng YH, Shen WC, Chang YS, Huang CC, et al. The feasibility
of venovenous extracorporeal life support to treat acute respiratory failure in adult
cancer patients. Medicine (Baltimore). (2015) 94:e893. doi: 10.1097/
MD.0000000000000893

21. Vogelzang NJ, Benowitz SI, Adams S, Aghajanian C, Chang SM, Dreyer ZE, et al.
Clinical cancer advances 2011: annual report on Progress against cancer from the
American Society of Clinical Oncology. J Clin Oncol. (2012) 30:88-109. doi: 10.1200/
JCO.2011.40.1919

22.Yeo CD, Kim JW, Kim SC, Kim YK, Kim KH, Kim HJ, et al. Prognostic factors in
critically ill patients with hematologic malignancies admitted to the intensive care unit.
J Crit Care. (2012) 27:739.e1-6. doi: 10.1016/j.jcrc.2012.07.014

23. Khassawneh BY, White P, Anaissie EJ, Barlogie B, Hiller FC. Outcome from
mechanical ventilation after autologous peripheral blood stem cell transplantation.
Chest. (2002) 121:185-8. doi: 10.1378/chest.121.1.185

24. Azoulay E, Mokart D, Péne F, Lambert ], Kouatchet A, Mayaux J, et al. Outcomes
of critically ill patients with hematologic malignancies: prospective multicenter data
from France and Belgium—a Groupe de Recherche Respiratoire en Réanimation Onco-
Hématologique study. J Clin Oncol. (2013) 31:2810-8. doi: 10.1200/JC0O.2012.47.2365

25. Sun HY, Ko WJ, Tsai PR, Sun CC, Chang YY, Lee CW, et al. Infections occurring
during extracorporeal membrane oxygenation use in adult patients. ] Thorac Cardiovasc
Surg. (2010) 140:1125-32.e2. doi: 10.1016/j.jtcvs.2010.07.017

26. Tathineni P, Pandya M, Chaar B. The utility of extracorporeal membrane
oxygenation in patients with hematologic malignancies: a literature review. Cureus.
(2020) 12:9118. doi: 10.7759/cureus.9118

27.Kang HS, Rhee CK, Lee HY, Kim YK, Kwon SS, Kim SC, et al. Clinical outcomes
of extracorporeal membrane oxygenation support in patients with hematologic
malignancies. Korean ] Intern Med. (2015) 30:478-88. doi: 10.3904/kjim.2015.30.4.478

28. Wohlfarth P, Ullrich R, Staudinger T, Bojic A, Robak O, Hermann A, et al.
Extracorporeal membrane oxygenation in adult patients with hematologic malignancies
and severe acute respiratory failure. Crit Care. (2014) 18:R20. doi: 10.1186/cc13701

29. Afessa B, Abdulai RM, Kremers WK, Hogan W], Litzow MR, Peters SG. Risk
factors and outcome of pulmonary complications after autologous hematopoietic stem
cell transplant. Chest. (2012) 141:442-50. doi: 10.1378/chest.10-2889

30. Yadav H, Nolan ME, Bohman JK, Cartin-Ceba R, Peters SG, Hogan W], et al.
Epidemiology of acute respiratory distress syndrome following hematopoietic stem cell
transplantation. Crit Care Med. (2016) 44:1082-90. doi: 10.1097/CCM.0000000000001617

Frontiers in Medicine

06

10.3389/fmed.2024.1394051

31.Zhang Y, Luo M, Wang B, Qin Z, Zhou R. Perioperative, protective use of
extracorporeal membrane oxygenation in complex thoracic surgery. Perfusion. (2022)
37:590-7. doi: 10.1177/02676591211011044

32. Wohlfarth P, Beutel G, Lebiedz P, Stemmler HJ, Staudinger T, Schmidt M, et al.
Characteristics and outcome of patients after allogeneic hematopoietic stem cell
transplantation treated with extracorporeal membrane oxygenation for acute respiratory
distress syndrome. Crit Care Med. (2017) 45:¢500-7. doi: 10.1097/
CCM.0000000000002293

33. Stecher SS, Beyer G, Goni E, Tischer J, Herold T, Schulz C, et al. Extracorporeal
membrane oxygenation in predominantly Leuco-and thrombocytopenic Haematologic/
oncologic patients with acute respiratory distress syndrome - a single-centre experience.
Oncol Res Treat. (2018) 41:539-43. doi: 10.1159/000489718

34. Machuca TN, Cypel M, Keshavjee S. Cardiopulmonary bypass and extracorporeal
life support for emergent intraoperative thoracic situations. Thorac Surg Clin. (2015)
25:325-34. doi: 10.1016/j.thorsurg.2015.04.012

35. Ruszel N, Kietbowski K, Piotrowska M, Kubisa M, Grodzki T, Wojcik J, et al.
Central, peripheral ECMO or CPB? Comparison between circulatory support methods
used during lung transplantation. J Cardiothorac Surg. (2021) 16:341. doi: 10.1186/
s13019-021-01719-0

36. Dartevelle PG, Mitilian D, Fadel E. Extended surgery for T4 lung cancer: a 30
years' experience. Gen Thorac Cardiovasc Surg. (2017) 65:321-8. doi: 10.1007/
511748-017-0752-6

37.Byrne JG, Leacche M, Agnihotri AK, Paul S, Bueno R, Mathisen D], et al. The
use of cardiopulmonary bypass during resection of locally advanced thoracic
malignancies: a 10-year two-center experience. Chest. (2004) 125:1581-6. doi:
10.1378/chest.125.4.1581

38. Lang G, Taghavi S, Aigner C, Charchian R, Matilla JR, Sano A, et al. Extracorporeal
membrane oxygenation support for resection of locally advanced thoracic tumors. Ann
Thorac Surg. (2011) 92:264-70. doi: 10.1016/j.athoracsur.2011.04.001

39. Muralidaran A, Detterbeck FC, Boffa DJ, Wang Z, Kim AW. Long-term survival
after lung resection for non-small cell lung cancer with circulatory bypass: a systematic
review. ] Thorac Cardiovasc Surg. (2011) 142:1137-42. doi: 10.1016/j.jtcvs.2011.07.042

40. Meltzer EC, Ivascu NS, Acres CA, Stark M, Furman RR, Fins JJ. Extracorporeal
membrane oxygenation as a bridge to chemotherapy in an orthodox Jewish patient.
Oncologist. (2014) 19:985-9. doi: 10.1634/theoncologist.2014-0025

41. Allain G, Hajj-Chahine J, Lacroix C, Jayle C. Primary cardiac lymphoma
complicated by cardiogenic shock: successful treatment with chemotherapy delivered
under extracorporeal membrane oxygenation support. Eur | Cardiothorac Surg. (2015)
48:968-70. doi: 10.1093/ejcts/ezv031

42. Chung JH, Yeo HJ, Cho HM, Jang JO, Ye BM, Yoon G, et al. Treatment of
pulmonary tumor embolism from Choriocarcinoma: extracorporeal membrane
oxygenation as a bridge through chemotherapy. Cancer Res Treat. (2017) 49:279-82. doi:
10.4143/crt.2016.125

43. Nagaoka E, Arai H, Ugawa T, Masuda T, Ochiai K, Tamaoka M, et al. Efficacy of
multidisciplinary team approach with extracorporeal membrane oxygenation for
COVID-19 in a low volume ECMO center. Artif Organs. (2021) 45:1061-7. doi: 10.1111/
aor.13947

frontiersin.org


https://doi.org/10.3389/fmed.2024.1394051
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1164/rccm.201708-1761OC
https://doi.org/10.1097/MAT.0000000000001432
https://doi.org/10.1016/j.amjsurg.2010.01.018
https://doi.org/10.1097/MD.0000000000000893
https://doi.org/10.1097/MD.0000000000000893
https://doi.org/10.1200/JCO.2011.40.1919
https://doi.org/10.1200/JCO.2011.40.1919
https://doi.org/10.1016/j.jcrc.2012.07.014
https://doi.org/10.1378/chest.121.1.185
https://doi.org/10.1200/JCO.2012.47.2365
https://doi.org/10.1016/j.jtcvs.2010.07.017
https://doi.org/10.7759/cureus.9118
https://doi.org/10.3904/kjim.2015.30.4.478
https://doi.org/10.1186/cc13701
https://doi.org/10.1378/chest.10-2889
https://doi.org/10.1097/CCM.0000000000001617
https://doi.org/10.1177/02676591211011044
https://doi.org/10.1097/CCM.0000000000002293
https://doi.org/10.1097/CCM.0000000000002293
https://doi.org/10.1159/000489718
https://doi.org/10.1016/j.thorsurg.2015.04.012
https://doi.org/10.1186/s13019-021-01719-0
https://doi.org/10.1186/s13019-021-01719-0
https://doi.org/10.1007/s11748-017-0752-6
https://doi.org/10.1007/s11748-017-0752-6
https://doi.org/10.1378/chest.125.4.1581
https://doi.org/10.1016/j.athoracsur.2011.04.001
https://doi.org/10.1016/j.jtcvs.2011.07.042
https://doi.org/10.1634/theoncologist.2014-0025
https://doi.org/10.1093/ejcts/ezv031
https://doi.org/10.4143/crt.2016.125
https://doi.org/10.1111/aor.13947
https://doi.org/10.1111/aor.13947

	Extracorporeal membrane oxygenation in critically ill patients with active hematologic and non-hematologic malignancy: a literature review
	1 Introduction
	2 ECMO and cardio-respiratory support
	2.1 Solid tumors
	2.2 Hematological malignancies
	2.2.1 Hematopoietic stem cell transplantation

	3 ECMO for surgery support
	4 Bridge for chemotherapy
	5 The role of the multidisciplinary team
	6 Conclusion

	References

