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1 |  INTRODUCTION

Despite recent improvements, non- relapse mortality due to 
toxic, infectious, and immunologic complications remains a 
substantial risk following allogeneic hematopoietic stem cell 

transplantation (HSCT).1 In fact, up to every third HSCT re-
cipient requires admission to the intensive care unit (ICU) 
at least once during his/her peri-  or post- transplant course.2 
Pulmonary organ dysfunction presenting as an acute hypox-
emic respiratory failure (ie, the acute respiratory distress 

Received: 15 October 2020 | Revised: 6 January 2021 | Accepted: 28 January 2021

DOI: 10.1111/aor.13931  

M A I N  T E X T  A R T I C L E

A bi- centric experience of extracorporeal carbon dioxide removal 
(ECCO2R) for acute hypercapnic respiratory failure following 
allogeneic hematopoietic stem cell transplantation

Philipp Wohlfarth1  |   Peter Schellongowski2 |   Thomas Staudinger2 |   
Werner Rabitsch1 |   Alexander Hermann2  |   Nina Buchtele2 |   Amin T. Turki3 |   
Asterios Tzalavras3 |   Tobias Liebregts3,4

This is an open access article under the terms of the Creative Commons Attribution- NonCommercial License, which permits use, distribution and reproduction in any medium, 
provided the original work is properly cited and is not used for commercial purposes.
© 2021 The Authors. Artificial Organs published by International Center for Artificial Organs and Transplantation and Wiley Periodicals LLC.

1Hematopoietic Stem Cell Transplantation 
Unit, Medical University of Vienna, 
Vienna, Austria
2Intensive Care Unit 13i2, Department of 
Medicine I, Medical University of Vienna, 
Vienna, Austria
3Department of Bone Marrow 
Transplantation, West German Cancer 
Center, University of Duisburg- Essen, 
Essen, Germany
4Department of Internal Medicine V, 
Hematology, Oncology and Rheumatology, 
University Hospital Heidelberg, Heidelberg, 
Germany

Correspondence
Philipp Wohlfarth, Hematopoietic Stem 
Cell Transplantation Unit, Department of 
Medicine I, Medical University of Vienna, 
Waehringer Guertel 18- 20, 1090 Vienna, 
Austria.
Email: philipp.wohlfarth@meduniwien.ac.at

Abstract
Acute respiratory failure (ARF) is the main reason for ICU admission following al-
logeneic hematopoietic stem cell transplantation (HSCT). Extracorporeal CO2 removal 
(ECCO2R) can be used as an adjunct to mechanical ventilation in patients with severe 
hypercapnia but has not been assessed in HSCT recipients. Retrospective analysis of all 
allogeneic HSCT recipients ≥18 years treated with ECCO2R at two HSCT centers. 11 
patients (m:f = 4:7, median age: 45 [IQR: 32- 58] years) were analyzed. Acute leukemia 
was the underlying hematologic malignancy in all patients. The time from HSCT to ICU 
admission was 37 [8- 79] months, and 9/11 (82%) suffered from chronic graft- versus- 
host disease (GVHD) with lung involvement. Pneumonia was the most frequent reason 
for ventilatory decompensation (n = 9). ECCO2R was initiated for severe hypercapnia 
(PaCO2: 96 [84- 115] mm Hg; pH: 7.13 [7.09- 7.27]) despite aggressive mechanical ven-
tilation (invasive, n = 9; non- invasive, n = 2). ECCO2R effectively resolved blood gas 
disturbances in all patients, but only 2/11 (18%) could be weaned off ventilatory support, 
and one (9%) patient survived hospital discharge. Progressive respiratory and multior-
gan dysfunction were the main reasons for treatment failure. ECCO2R was technically 
feasible but resulted in a low survival rate in our cohort. A better understanding of the 
prognosis of ARF in patients with chronic GVHD and lung involvement is necessary 
before its use can be reconsidered in this setting.

K E Y W O R D S

extracorporeal CO2 removal, hematology, hematopoietic stem cell transplantation, intensive care unit

www.wileyonlinelibrary.com/journal/aor
mailto:﻿
https://orcid.org/0000-0001-5628-7942
https://orcid.org/0000-0001-6103-7884
http://creativecommons.org/licenses/by-nc/4.0/
mailto:philipp.wohlfarth@meduniwien.ac.at


904 |   WOHLFARTH eT AL.

syndrome; ARDS) is the reason for clinical deterioration in 
most of these patients. In a study by Yadav et al, the authors 
found that the incidence of ARDS may be as high as 16% 
during the first year following allogeneic HSCT and that 
80% of the cases had a severe course.3 In 2017, our group 
conducted a retrospective multicenter study of 37 HSCT re-
cipients rescued with extracorporeal membrane oxygenation 
(ECMO) for severe ARDS.4 When processing our data, we 
came across a series of patients treated with extracorporeal 
carbon dioxide removal (ECCO2R) for acute hypercapnic 
respiratory failure in two participating HSCT centers. In 
contrast to ECMO, ECCO2R provides artificial respiratory 
support by removing CO2 only with no or minimal effects on 
the systemic oxygenation. This is achieved by lower blood 
flow and different technical devices and setups than ECMO, 
which requires a blood flow of ≥60% of the cardiac output 
(ie, >2000- 3000 mL/min) to provide systemic oxygenation.5 
ECCO2R is an experimental technique, although its use has 
been implicated in decompensated asthma or chronic ob-
structive pulmonary disease (COPD), as a bridge to lung 
transplantation, or as an adjunct to achieve ultraprotective 
mechanical ventilation.6- 8 The purpose of this first report in 
the literature is to describe the characteristics and outcomes 
of HSCT recipients treated with ECCO2R for acute hyper-
capnic respiratory failure in two tertiary care HSCT centers 
and to highlight important gaps of knowledge in presented 
clinical scenarios.

2 |  PATIENTS AND METHODS

We retrospectively analyzed the clinical course of all adult 
(≥18 years) allogeneic HSCT recipients treated with ECCO2R 
in the ICUs of two HSCT centers (Medical University of 
Vienna, Austria [n = 7]; University Hospital Essen, Germany 
[n = 4]) between 2009 and 2018. The study was approved by 
the ethics committees of the Medical University of Vienna 
(EC  1979/2019) and the University of Duisburg- Essen 
(EC 15- 6446- BO) and conducted following Good Clinical 
Practice guidelines and the amended Declaration of Helsinki.

Patients were included if they had a history of allogeneic 
HSCT and were treated with extracorporeal life support for 
the primary purpose of CO2 removal. ECCO2R was defined as 
extracorporeal blood flow of <2000 mL/min via either a pum-
pless arterio- venous setup (AV- ECCO2R) or a pump- driven 
veno- venous (VV- ECCO2R) configuration using a setup in-
cluding specifically designed cannulas for lower blood flows 
as well as gas exchange membranes designed for ECCO2R. 
Patients were treated with one of the following devices and 
setups: (i) the Interventional Lung Assist (iLA; Xenios), a 
pumpless AV- ECCO2R system which uses the arterio- venous 
pressure gradient to maintain blood flow in the circuit; for 
cannulation, a 13- 15 Fr arterial drainage and a 15- 17 venous 

return cannula were used (NovaPort One, Xenios); (ii) a 
pump- driven veno- venous circuit operated by an iLA activve 
(Xenios) or a Cardiohelp (Getinge) console equipped with a 
low- resistance membrane ventilator (iLA, Xenios; HLS 5.0, 
Getinge); for cannulation, a 22- 24 Fr double- lumen cannula 
was used in a jugular or femoral approach (NovaPort Twin, 
Xenios); or (iii) the Hemolung Respiratory Assist System 
(ALung Technologies), which uses a pump- driven ultra low- 
flow (300- 550 mL/min) veno- venous setup including a spe-
cially designed 15.5 Fr double- lumen cannula. According to 
institutional standards in both centers, patients received 5000 
units of unfractionated heparin immediately after cannula-
tion, followed by a continuous infusion to keep the activated 
partial thromboplastin time (aPTT) between 50 seconds and 
60 seconds.

Baseline data were recorded for the time immediately be-
fore the initiation of ECCO2R. Organ dysfunction was graded 
using the SOFA score,9 the Simplified Acute Physiology Score 
II (SAPSII)10 was used to assess the severity of illness, and the 
Charlson Comorbidity Index (CCI)11 to account for comorbid-
ities at ICU admission, respectively. The performance status 
was graded according to the Eastern Cooperative Oncology 
Group (ECOG) scale.12 Chronic graft- versus- host disease 
(GVHD) was defined according to the NIH criteria.13,14 PaCO2 
and PaO2 indicate partial pressures of carbon dioxide and oxy-
gen obtained from arterial blood gas analysis. Major bleeding 
was defined as the requirement of two or more units of packed 
red blood cells due to a bleeding event, in case a surgical or 
interventional procedure for bleeding was required, as well 
as in cases of intracerebral hemorrhage or fatal outcome. We 
obtained the source data from the original study on ECMO 
in HSCT recipients4 to identify possible selection criteria for 
ECCO2R and to compare complications and outcomes between 
both cohorts. Continuous data are presented as the median and 
interquartile range (25%- 75%), dichotomous data as number 
and percentage. The Fisher’s exact test and the Mann- Whitney

U test were used to compare dichotomous and continuous 
variables, respectively. The Wilcoxon rank- sum test was used 
to compare variables of invasive ventilation and gas exchange 
prior, and 8 hours after the initiation of ECCO2R. A two- 
sided P value < .05 was considered statistically significant.

3 |  RESULTS

3.1 | Incidence of ECCO2R and patient 
characteristics

We identified 11 (m:f = 4:7, age: 45 [32- 58] years) patients 
following allogeneic HSCT having received ECCO2R. The 
included patients corresponded to 3.4% of all allogeneic 
HSCT recipients admitted to the ICUs in both centers dur-
ing the study period. The patient characteristics are shown 

http://www.chem.qmul.ac.uk/iubmb/enzyme/EC%A01979.html
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in Table 1. Acute leukemia was the underlying hematologic 
malignancy in all patients, and all but one patient (91%) were 
in remission of the disease. The median time from HSCT to 
ICU admission was 37 [8- 79] months. Nine out of the 11 
(82%) patients had moderate/severe chronic GVHD, and lung 
involvement had been documented in all cases. Other organs 
involved in chronic GVHD were the skin (n = 9; 100%), the 
liver (n = 4; 44%), the eyes (n = 3; 33%), and the gastrointes-
tinal tract (n = 2; 22%). All patients had had a significantly 

impaired performance status (≥2; median score: 3 [2- 3]) be-
fore developing the acute illness but had been ambulatory 
and lived at home.

3.2 | Characteristics and causes of 
respiratory failure

The time from hospital to ICU admission was 3 [1- 10] days. 
Respiratory failure with the predominant pattern of severe hy-
percapnia and ventilatory decompensation was the reason for 
ICU admission in our cohort. Pneumonia was deemed the un-
derlying cause of respiratory failure in nine (82%) patients, of 
which five had a pathogen identified (Pneumocystis jirovecii, 
n = 3; Stenotrophomonas maltophilia and Klebsiella pneu-
moniae, n = 1; Aspergillus fumigatus, n = 1). Exacerbation 
of bronchiolitis obliterans syndrome without pulmonary in-
filtrates and idiopathic pneumonia syndrome concurrent with 
acute GVHD were the underlying causes of respiratory failure 
in the remaining two patients. ECCO2R was mostly used as an 
adjunct to invasive mechanical ventilation (IMV) (n = 9; 82%), 
but also as a possible means to avoid endotracheal intubation in 
two (18%) patients undergoing non- invasive mechanical ven-
tilation (NIV). The physiologic parameters at the initiation of 
ECCO2R are shown in Table 2. Patients suffered from severe 
hypercapnia (PaCO2: 96 [84- 115] mm  Hg; pH: 7.13 [7.09- 
7.27]) despite aggressive ventilator settings (respiratory rate: 
26 [24- 32]/min; Pmax 28 [27- 35] mbar; PEEP: 5 [5- 6] mbar; 
tidal volume: 292 [215- 392] mL; Pmax, PEEP and tidal volume 
given for invasively ventilated patients only) and from a mod-
erate impairment in oxygenation (PaO2/FiO2: 170 [131- 248]).

3.3 | Configuration, efficacy, and 
complications of ECCO2R

The majority of patients (7/11; 64%) received ECCO2R 
using a pump- driven device in veno- venous configuration 
through a double- lumen cannula inserted in the femoral  
(n = 4) or jugular (n = 2) vein. One patient had two single 
lumen- cannulas placed in the femoro- jugular configuration. 
Three patients were treated with the iLA system in arterio- 
venous configuration, and one patient was initiated on the 
Hemolung device. ECCO2R effectively resolved hypercap-
nia in all patients within 8 hours from its initiation (Table 2) 
at a median blood flow of 1100 [750- 1200] mL/min without 
overt differences between the different devices and configu-
rations (Supplementary Figure S1). Systemic anticoagulation 
was provided with heparin in all cases. The median duration 
of ECCO2R treatment was 11 [4- 32] days. Major bleeding 
occurred in three (27%) patients (pulmonary, insertion site, 
retroperitoneal hematoma), none of which was deemed fatal. 
Other complications included hemolysis or clotting requiring 

T A B L E  1  Patient characteristics

All patients 
(n = 11)

Sex

Male 4 (36)

Female 7 (64)

Age at ICU admission (years) 45 (32- 58)

Body mass index at ICU admission 18 (17- 21)

Charlson comorbidity index 3 (3- 5)

Performance status before acute illness 3 (2- 3)

Underlying malignancy

Acute lymphoblastic leukemia 6 (55)

Acute myeloid leukemia 5 (45)

Donor type

Matched related 2 (18)

Matched unrelated 8 (73)

Mismatched unrelated 1 (9)

Time from HSCT to ICU admission (months) 37 (8- 79)

GVHD at ICU admission

Acute GVHD 1 (9)

Chronic GVHD 9 (82)

Bronchiolitis obliterans syndrome 9 (82)

Immunosuppression at ICU admission 10 (91)

Steroids 9 (82)

Calcineurin inhibitor 5 (45)

Others 5 (45)

SAPS II at ICU admission 33 (28- 35)

SOFA score at ICU admission 6 (2- 9)

Documented pulmonary infection 9 (82)

Identified pathogen 5 (45)

Infiltrates on chest X- ray (# of quadrants) 4 (2- 4)

Life supporting interventions during ICU stay

Non- invasive mechanical ventilation 7 (64)

Invasive mechanical ventilation 11 (100)

Vasopressors 11 (100)

Renal replacement therapy 6 (55)

ICU survival 2 (18)

Hospital survival 1 (9)
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a system change (n = 2), ischemic stroke (n = 1), and acci-
dental decannulation (n = 1). Supplementary Table S3 lists 
all complications according to the carbon dioxide removers 
and configurations of ECCO2R.

3.4 | Outcome

Of the two patients who received NIV, both had to be in-
tubated after 12 and 20 days of ECCO2R due to accidental 
decannulation and progressive hypoxemia, respectively. 
The latter patient ultimately required escalation to ECMO 
due to refractory hypoxemic respiratory failure 12 days 
after intubation and died 25 days later. Two (18%) patients 
could successfully be weaned from ECCO2R. One patient 
had a second ICU referral 52 days after discharge during 

the hospital stay and eventually succumbed to sepsis and 
multiorgan failure. One patient survived hospital discharge 
and lived for another 18 months, but ultimately died from 
chronic GVHD (wasting syndrome, recurrent pulmonary 
infections). In the remaining patients, the reason for death 
was worsening respiratory failure and progressive hypox-
emia in four patients, progressive multiorgan failure in 
three patients, and therapy withdrawal due to the inability 
to wean from ECCO2R in two patients.

3.5 | Comparison between HSCT recipients 
treated with ECCO2R and ECMO

Supplementary Tables S1 and S2 compare baseline char-
acteristics, complications, and outcomes between HSCT 

T A B L E  2  Characteristics of ECCO2R and respiratory failure

All patients (n = 11)

ECCO2R configuration

Arterio- venous 3 (27)

Veno- venous pump- driven 8 (73)

Cannulation

Femoro- femoral 4 (36)

Double- lumen femoral 5 (45)

Double- lumen jugular 2 (18)

Blood flow (L/min) 1.1 (0.75- 1.2)

NIV at start of ECCO2R 2 (18)

Days from ICU admission to ECCO2R 3 (1- 3)

Days form IMV start to ECCO2R 0 (0- 6)

Leukocytes (G/L) 12.2 (8.4- 16)

Thrombocytes (G/L) 177 (65- 205)

Hemoglobin (g/dL) 11.1 (10.1- 12.9)

Days of ECCO2R treatment 17 (7- 26)

Successful weaning from ECCO2R 2 (18)

Parameters before and 8 hours after ECCO2R Prior 8 hours after P

Pmax (mbar)a 28 (27- 35) 26 (25- 28) .06

PEEP (mbar)a 5 (5- 6) 5 (5- 8) .18

∆P (mbar)a 23 (21- 27) 20 (15- 23) .06

Tidal volume (mL)a 247 (205- 349) 197 (180- 324) .50

Respiratory rate 26 (24- 32) 16 (14- 22) .01

PaO2/FiO2 170 (131- 248) 187 (126- 302) .61

pH 7.13 (7.09- 7.27) 7.44 (7.35- 7.49) <.01

PaCO2 (mm Hg) 96 (84- 115) 49 (36- 55) <.01

PaO2 (mm Hg) 83 (73- 88) 81 (70- 115) .29

SaO2 (%) 94 (92- 97) 93 (92- 97) .86

Standard bicarbonate (mmoL/L) 30 (24- 32) 29 (23- 34) .92

Lactate (mmoL/L) 1 (0.8- 1.6) 1.1 (0.9- 1.9) .72
aAnalyzed for invasively ventilated patients (n = 9).
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recipients treated with ECCO2R and ECMO in the original 
study. There were no differences regarding demographic 
and transplant- related characteristics between the cohorts. 
The time from HSCT to ICU admission was significantly 
longer in the ECCO2R cohort (37 [8- 79] vs. 5 [1- 10] months,  
P < .01). Chronic GVHD was present in 82% (n = 9) of 
ECCO2R patients versus 22% (n = 8) in the ECMO cohort 
(P < .01). Only 2/37 (5%) patients had bronchiolitis oblit-
erans syndrome in the original ECMO study. Patients treated 
with ECCO2R had a higher burden of comorbidities (CCI: 
3 [3- 5] vs. 0 [0- 1], P < .01), but a lower severity of the 
acute illness as indicated by the SAPSII (33 [28- 35] vs. 56  
[42- 67], P < .01) and the SOFA (6 [2- 9] vs. 12 [9- 15],  
P < .01) score, respectively. Blood counts were significantly 
higher in the ECCO2R group. Patients treated with ECMO 
suffered from a profound impairment in oxygenation (PaO2/
FiO2: 66 [53- 82] vs. 170 [131- 248]) with only moderate hy-
percapnia (PaCO2: 57 [47- 71] vs. 96 [84- 115]) and acidosis 
(pH: 7.29 [7.18- 7.37] vs. 7.13 [7.09- 7.27]) (P < .01 for all 
comparisons). The driving pressure (∆P) in the ECCO2R 
group was higher (23 [21- 27] vs. 20 [17- 24] mbar, P = .04)  
than in the ECMO patients. Utilization of other life- supporting 
interventions, bleeding events (27% vs. 38%, P = .72),  
and the risk of ischemic stroke (9% vs. 8%, P = 1.0) did not 
differ between the two groups. ICU survival (18% vs. 19%, 
P = 1.0) and hospital survival (9% vs. 19%, P = .66) were 
similar in both cohorts.

4 |  DISCUSSION

To our knowledge, this is the first report of the use of 
ECCO2R to treat hypercapnic respiratory failure in patients 
following allogeneic HSCT. Ventilatory decompensation 
mostly occurred due to pulmonary infection based on lung 
involvement by chronic GVHD in our cohort. ECCO2R was 
technically able to resolve hypercapnia and acidosis but ena-
bled weaning from the respirator in only two cases, and only 
one (9%) patient survived hospital discharge.

ECCO2R was instituted in two of our patients undergo-
ing non- invasive mechanical ventilation to obviate the need 
for intubation and IMV. NIV failure and the need for IMV 
are strong adverse prognostic factors in patients with exac-
erbation of COPD, which inspired several retrospective and 
non- randomized prospective studies of ECCO2R as a means 
to avoid intubation in this group.15- 18 Both of our patients ini-
tiated on ECCO2R during NIV suffered from bronchiolitis 
obliterans syndrome, which may have led the treating phy-
sicians to similar considerations regarding the avoidance of 
IMV as in COPD. Additionally, our patients had low body 
mass indices and impaired performance status due to chronic 
GVHD, both factors that predispose to harmful consequences 
from analgosedation, including loss of respiratory muscle 

tone and general muscle wasting. Both patients had to be in-
tubated during their further course due to accidental decan-
nulation and progressive hypoxemia, respectively. Worsening 
hypoxemia is a well- recognized “complication” of ECCO2R, 
either due to the worsening of the respiratory failure itself 
(eg, progressive infiltrates) or due to the excessive removal 
of CO2 (reduction of tidal volume, lower partial pressure 
of alveolar oxygen, and increased risk of atelectasis during 
spontaneous ventilation).19 Notably, while NIV has long been 
considered the first- line therapy of hypoxemic respiratory 
failure in immunocompromised patients, this paradigm has 
recently been overturned by a large prospective randomized 
trial20 and data from a large observational study.21 We think 
that the registered attempts to prevent intubation by extracor-
poreal life support in both of our cohorts reflect a sign of the 
times when these new techniques inspired hope to improve 
dismal outcomes of immunocompromised and hematologic 
patients otherwise requiring IMV. Based on our observa-
tions4 and recent data from randomized trials,20,22 we believe 
that augmented efforts to avoid IMV are not justified in this 
patient population or may even put patients at unnecessary 
risks of harm. In the context of extracorporeal life support, 
our case of accidental decannulation is one example of these 
risks, alongside bleeding complications registered in our and 
other cohorts (see below).

In the majority of our patients, ECCO2R was used as an 
adjunct to enable less invasive ventilator settings during IMV 
and protect patients from the deleterious effects of hypercap-
nia. The median driving pressure (∆P) in invasively venti-
lated patients was 23 (21- 27) mbar and, thus, in a range in 
which a negative effect on survival due to the infliction of 
ventilator- induced lung injury (VILI) has to be assumed and 
weaning cannot be performed.23 Despite aggressive mechan-
ical ventilation, our patients suffered from severe hypercap-
nia with only moderate metabolic compensation. Excessive 
hypercapnia and acidosis have several adverse consequences 
on pulmonary and extrapulmonary organ function, including 
pulmonary vasoconstriction leading to increased right ven-
tricular afterload and cerebral edema due to increased intra-
cranial blood flow.19 Indeed, one of our patients was deemed 
to have died from right ventricular failure despite the correc-
tion of hypercapnia and acidosis.

There are limited reports in the literature on the use of 
ECCO2R to reduce ventilatory pressures and correct gas 
exchange alterations in patients undergoing IMV for hyper-
capnic respiratory failure.24,25 Only 2/11 patients could be 
weaned in our cohort, and only one patient survived hos-
pital discharge. Worsening of respiratory failure with pro-
gressive hypoxemia and multiorgan dysfunction were the 
leading causes of death in our patients. The failure to control 
the underlying pulmonary infection in these severely immu-
nocompromised individuals and an unclear contribution of 
alloreactivity in patients with underlying GVHD may have 
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accounted for the observed outcome.26 Bronchiolitis oblit-
erans syndrome caused by chronic GVHD leads to a pro-
gressive decline in lung function despite treatment in many 
patients.27 Extracorporeal life support in other forms of 
chronic progressive lung disease has only proven effective 
as a bridge to lung transplantation, as recovery from acute 
respiratory failure seldomly occurs.28 This circumstance 
might also apply to patients with chronic GVHD and lung 
involvement, as the underlying lung pathology might be too 
severe or irreversible. Of note, several large cohort studies 
have proven the feasibility of lung transplantation following 
HSCT,29 but so far, none have addressed bridging with extra-
corporeal life- support in these patients. It is noteworthy that 
three of our patients had pneumonia caused by P. jirovecii, a 
pathogen that by itself induces or aggravates bronchiolitis. 
Progressive hypoxemia during the early phase of treatment 
is a recognized phenomenon of this infection,30 and, hence, 
ECMO may be preferred over ECCO2R in these situations if 
extracorporeal life support is required.

The comparison between HSCT recipients having re-
ceived ECCO2R and ECMO in the original study delineates 
two different patient types and clinical scenarios associated 
with the use of the respective technique. ECCO2R was used 
to enable more protective ventilation and correct hypercapnia 
and acidosis in long- term HSCT survivors with lung involve-
ment by chronic GVHD, whereas ECMO served as a rescue 
for refractory ARDS in patients early after HSCT. Both com-
plications are well recognized following HSCT and typically 
occur at the observed time- points.31 The burden of comorbid-
ities was higher in the ECCO2R group, and ECMO patients 
were more severely affected by acute illness and multiorgan 
dysfunction. Demographics and HSCT- related characteris-
tics (eg, donor type, remission status) did not differ between 
groups. Given these findings, we do not think that factors 
other than the primary pattern of gas exchange disturbance 
and ventilatory requirements influenced the selection be-
tween ECCO2R and ECMO in our patients. As the frequency 
of other life- supporting interventions did not differ between 
the two cohorts, the selection of ECCO2R as a less invasive 
technique in the context of a more restrictive or reluctant ICU 
management strategy also seems unlikely.

Given previously reported dismal outcomes in alloge-
neic HSCT recipients with GVHD requiring IMV and our 
patients' reduced performance status, the question arises 
whether the aggressive ICU measures taken in our cohort 
were disproportional.32,33 In this context, it is important 
to recognize that studies analyzing critically ill allogeneic 
HSCT patients have so far almost exclusively focused on the 
early post- transplant period and acute GVHD. There is ev-
idence that the chances of surviving the ICU increase with 
longer time from transplantation, and that outcome may 
be much more favorable than in the early post- transplant 
period.2 Supporting this notion, the hospital survival of 

allogeneic HSCT patients requiring ECMO for ARDS was 
6/13 (46%) when treated after 240 days from HSCT in 
the original study.4 Despite these clues supporting a more 
aggressive ICU strategy in the late than in the early post- 
transplant period, critical long- term HSCT survivors, in-
cluding those with chronic GVHD, are blank pages in the 
available literature, precluding informed statements about 
expected trajectories and outcomes when considering ICU 
measures. Hence, we think that there is an urgent need to 
collect the respective data in this patient population. All of 
the included patients had acute leukemia as their underly-
ing hematologic disease, which might be interpreted as an 
adverse prognostic factor regarding the expected post- ICU 
outcomes. However, the median time from HSCT to ICU 
admission was 37 months, indicating long- term remission 
in all but one patient. Leukemia relapse beyond two years 
after HSCT in the presence of chronic GVHD is an infre-
quent event.34 Hence, the majority of the included patients 
had the perspective of remaining disease- free lifelong. The 
performance status, another prognostic factor regarding 
long- term outcomes, was significantly impaired in all of our 
patients before the acute illness, but all had been ambulatory 
before hospital admission and lived at home.

ECCO2R is considered a less invasive technique than 
ECMO due to smaller sized or double- lumen cannulas and 
lower blood flow. However, there are several risks associated 
with its use. Most strikingly, three (27%) of our patients had 
major bleeding complications, with similar bleeding rates also 
reported in other studies35 and in the original ECMO study 
(38%).4 Device - related complications, such as hemolysis or 
clotting as in two of our patients, require constant monitoring, 
a high level of familiarity with the technique, and rapid action 
in case of system failure. Hence, we think that the use of any 
form of extracorporeal life support should be limited to ex-
perienced centers with access to multidisciplinary teams (eg, 
surgery, interventional radiology). Complications attributable 
to ECCO2R may vary between different carbon dioxide remov-
ers, configurations, and devices.6 Due to substantial hetero-
geneity in these aspects and the small sample size, our study 
could not specifically address this critical issue. When inter-
preting the complications observed in our cohort and other re-
ports, the used devices and methodology should be considered 
before making broad interferences about the risks and benefits 
of ECCO2R other than those related to the patient type.

Our study has several limitations. First, the sample size 
was small. However, as it is the first report of its kind, our data 
contribute to the knowledge on extracorporeal life- support in 
HSCT recipients and might stimulate research on critically ill 
patients with chronic GVHD and respiratory failure. Second, 
four different devices were used for ECCO2R, but three of 
them were also applied in a recent pilot study of ECCO2R in 
ARDS.35 Third, this was a retrospective study that shares all 
the inherent limitations of this method.
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5 |  CONCLUSION

ECCO2R was used in 11 patients with hypercapnic respira-
tory failure following HSCT, mostly in the context of chronic 
GVHD with lung involvement exacerbated by pulmonary 
infection requiring IMV. While the technique could resolve 
hypercapnia and acidosis, only two patients could be weaned, 
and only one patient survived hospital discharge. Progressive 
respiratory failure and multiorgan failure were the main rea-
sons for treatment failure. Further research is needed to jus-
tify the use of ECCO2R in this patient population.
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