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Background 

The implantation of veno-arterial (VA) extracorporeal 
membrane oxygenation (ECMO) is mainly indicated in 
patients with acute cardiac failure after cardiac infarction, 
malignant arrhythmias or after cardiac surgery when other 
conservative resuscitation measures have failed (1). Veno-

venous (VV) ECMO is applied in patients with respiratory 
failure and acute respiratory distress syndrome (ARDS) 
due to infectious disease, severe trauma, after surgery or 
other reasons for damaged lung parenchyma (2,3). In the 
summary of the Extracorporeal Life Support Organization 
(ELSO) Registry in 2019, a survival rate of 71% after 
extracorporeal life support (ECLS) and of 55% to hospital 
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discharge or transfer was reported (4). 
However, clinically relevant complications are manifold 

and should always be expected in the clinical setting during 
intensive care. Hemorrhage and thrombosis have been 
identified as major causes of morbidity and mortality in 
ECMO patients (5-8). Specifically, bleeding complications 
with often thoracic origin remain a clinically significant 
issue and raise the mortality rate (9,10). Thoracic 
bleeding complications mostly occur spontaneous or after 
interventions including thoracic surgery. However, even 
after primarily successful surgical therapy and stopping 
of systemic anticoagulation, almost 50% of patients with 
intrathoracic bleeding are scheduled for repeated surgery 
due to recurrent bleeding (10).

Furthermore, infectious pleural effusion (e.g., pleural 
empyema) or other destroying pulmonary diseases 
(e.g., lung abscess, incarnating pneumonia) while on 
ECMO support sometimes necessitate invasive thoracic 
interventions (11-13). 

In the following sections, we describe the perioperative 
management in patients with VV ECMO therapy who also 
required non-elective thoracic surgery at our center. We 
give a short summary of thoracic bleeding complications 
and thoracic surgical procedures during ECMO support 
based on data of our ECMO working group. Furthermore, 
we want to give a tight review of the available literature.

Regensburg ECMO-Registry 

The ECMO program at the University Medical Center 

Regensburg, Germany, started first in 1995 and has 
steadily increased in the number of patients treated with 
extracorporeal support devices (Figure 1). Until the year 2001, 
patients with lung failure were predominantly treated with 
pumpless interventional lung assist (iLA® Xenios, Heilbronn, 
Germany). Later on, pump-driven devices (ECMO) were 
used more often and represent now a well-established 
technique in patients with acute cardiac and/or pulmonary 
failure. All patients are documented in the Regensburg 
ECMO-Registry and data were analysed for various studies. 
In the year 2014, our ECMO center became for the first 
time certified by the ELSO. In 2017, our ECMO-center was 
assigned with the platinum certificate of the ELSO. 

ECMO 

Miniaturized extracorporeal devices are used by standard 
as a temporary support in patients with cardiac failure or 
respiratory insufficiency after all conventional treatment 
options have failed (14). The selection of vessels (location, 
arterial or venous) for cannulation depends on the indication 
and anatomical situation. Percutaneous cannulation 
via Seldinger’s technique is the preferred cannulation 
technique and has demonstrated a low complication rate. 
In our center, mainly three different ECMO systems 
are used, which are all coated with heparin, heparin-like 
substances or phosphorylcholine (15). The extracorporeal 
device consists of a membrane oxygenator, tubing and a 
centrifugal pump. Detailed technical and implantation data 
have been described by our working group in previous  

Figure 1 Overview of all extracorporeal devices implanted at the ECMO-center Regensburg. VV, veno-venous; VA, veno-arterial; ECMO, 
extracorporeal membrane oxygenation.
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publications (16-18).

Thoracic bleeding complications 

While patients with severe respiratory insufficiency were 
treated with VV ECMO in our center, we recognized 
clinically relevant bleeding complications, which is also 
described in the available literature (19,20). Therefore, 
we performed a retrospective analysis of data from the 
Regensburg ECMO-Registry between December 2010 
and December 2016. This study included all patients 
(n=418) with severe respiratory failure supported with  
VV ECMO (10). Thoracic bleeding complications were the 
most frequent bleeding complication within the subgroup 
of patients with bleeding complications of any origin 
(n=97; 23.2%) and were documented in 9.6% of all patients 
(n=40). These data were in line with those in the current 
literature and the ELSO-Registry of 2016 (6,21). The 
thoracic bleedings were diagnosed approximately 10 days 
after ECMO implantation. It appeared in most patients 
without any intervention (spontaneously 40%) due to 
coagulation disorders, but also after surgery (37.5%), after 
interventions (20%, e.g., chest tube placement) and late 
after trauma (2.5%). These patients required significantly 
more blood products and coagulation factors. In all patients 
with persistent or recurrent bleeding, ECMO treatment 
was continued without systemic anticoagulation, as already 
reported (18). 

A total of 24 patients (60%) underwent urgent thoracic 
surgery and in nearly half of the patients (45.8%) repeated 
surgery had to be performed due to recurrent postoperative 
bleeding complications. This high rate of re-operations 
was also shown in other studies (11,22). Since some 
patients (n=9; 37.5%) required thoracic surgery more 
than two times, all in all 69 thoracic surgical procedures 
were performed. Thoracotomy with open evacuation 
of a hemothorax, was performed 52 times (75.4%), 
which was followed by primary surgery of pulmonary 
or pleural infections (n=10) and other indications (n=7). 
The residual patients (n=16) were treated conservatively 
(n=6) or interventionally (n=10; chest tube, interventional 
bronchoscopy) .  Pat ients  wi th  thorac ic  b leeding 
complications were significantly longer on ECMO and had 
a significantly higher mortality rate (52.5%) compared to 
patients without bleeding complications (34.7%). The in-
hospital mortality after non-elective thoracic surgery due 
to bleeding was 41.7%. 

Non-elective thoracic surgery 

In another study we analysed all consecutive patients with 
VV ECMO with the objective to evaluate the indications 
for and the outcome after non-elective thoracic surgery (13). 
Overall, in 6.9% (n=29) of patients non-elective thoracic 
surgery was performed, most frequently therapeutic due 
to hemothorax (n=13; 44.8%), followed by carnifying 
pneumonia/pulmonary abscess (n=5; 17.2%), pleural 
empyema (n=3; 10.3%) and others (n=3; 27.6%; Figure 2). 
In case of an unknown interstitial lung disease (n=5; 17.2%) 
diagnostic lung biopsy was performed. Primary thoracotomy 
was done in nearly all patients (n=27; 93.1%), whereas only 
two patients (6.9%) received video-assisted thoracoscopy. 
Initial thoracic surgery was performed mean 13.6 days after 
implantation of the ECMO. At least one re-operation was 
performed in half of the patients (n=15; 51.7%) and one 
third (31.0%) had more than two operations. This resulted 
in a total of 70 thoracic surgical interventions (primary 
surgery n=29; repeated surgery due to complications n=41), 
which means approximately 2.4 operations per patient. 

As mentioned above, a clinically relevant hemothorax 
presented the main indication for urgent surgery (71.4%). 
Of these patients, 94% had previous thoracic interventions. 
In addition, postoperative thoracic bleeding after primary 
thoracic surgery was requisite in 90.2% (37/41) of 
operations (Figure 3). Patients who required thoracic 
surgery stayed significantly longer in hospital (57.3 vs. 32.8 
days; P=0.031). The in-hospital mortality of patients after 
non-elective thoracic surgery was 44.8% and tended to be 
higher than in patients without thoracic surgery (35.7%; 
P=0.326).

Anaesthesiological management  

If patients are scheduled for non-elective thoracic surgery 
while on ECMO, a preoperative evaluation together 
with the surgeon has to be performed. This includes the 
assessment and documentation of the ECMO settings 
and blood flow, risk of coagulopathy, platelet dysfunction 
and disseminated intravascular coagulation (DIC), type 
and cross for red blood cells, allocation of fresh frozen 
plasma (FFP) (if needed as well as checking for ECMO 
specific complications such as arrhythmias, anemia, 
bleeding, pneumothorax and thrombosis (23). Any required 
modification of ECMO support, changes in the cannulation 
strategy (right internal jugular dual lumen cannula versus 
femoral-jugular versus femoral-femoral) and vessel accesses 
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should be discussed preoperatively and adapted to the 
planned procedure (24). Systemic anticoagulation with 
heparin should be stopped 4–6 hours before surgery if 
feasible and indicated. Required coagulation products as 
well as blood products should be ordered in time. 

For transportation to the operating room and during the 
operation a practitioner dedicated to ECMO and capable of 
troubleshooting should always be available. Patients require 
little or no additional anaesthetic depending on baseline 
degree of sedation. Total intravenous anaesthesia (TIVA) 
is preferred because it allows for continuous delivery of 
anaesthetic especially if single-lung ventilation is needed. 
During VV ECMO the arterial line can be placed at any 
site. We use an anaesthetic depth monitoring to minimize 
the side effects of anaesthetics.

Transesophageal echocardiography is used to measure 
cardiac output, identify myocardial dysfunction as well as 
identify ECMO specific complications such as cannula 
malposition, presence of thrombus and hypovolaemia that 
can cause “chattering” of the ECMO lines (25,26).

During surgery we routinely administer tranexamic acid 
intravenously (10 mg/kg bolus, 2 mg/kg/h continuously) for 

antifibrinolytic effects in order to decrease the risk of diffuse 
bleedings especially from the pleural surface. Furthermore, 
patients undergoing non-elective major thoracic surgery 
with relevant blood loss may develop a deficiency of 
platelets, fibrinogen and other clotting factors, which 
will prolong coagulation even in the absence of heparin. 
Desmopressin is commonly used in the management 
of bleeding in ECMO patients, because a spectrum of 
acquired von Willebrand factor deficiency is common in 
ECMO patients (27). We use traditional coagulation labs 
and thromboelastometry to direct management of bleeding, 
this includes balancing the risk of thrombosis in the 
ECMO circuit against the patient and procedure specific 
risk of perioperative bleeding. Any surgical intervention 
increases the bleeding risk despite using ECMO without  
heparin (24). But withholding heparin and correction 
of coagulation abnormalities may increase the risk of 
postoperative thrombosis in the ECMO circuit or the 
oxygenator (28).

Our ventilation strategy consists of “ultra-protective 
ventilation”, which maintains VT (tidal volume) of less than 
4 mL/kg predicted body weight and Pplat of less than 25 

Patients: n=29 Operations: n=70

Hemothorax: n=13 (44.8%)
Carnifying pneumonia/lung abscess/pleural empyema: n=8 (27.6%)

Others: n=8 (27.6%)

Indications for primary non-elective thoracic surgery: n=29

Indications for second non-elective thoracic surgery: n=41

Hemothorax: n=37 (90.2%)
Carnifying pneumonia/lung abscess/pleural empyema: n=2 (4.9%)

Others: n=2 (4.9%)

Non-elective thoracic surgery in patients with VV-ECMO
12/2010–12/2016

Figure 2 Indications for non-elective thoracic surgery in ECMO patients (10). VV, veno-venous; ECMO, extracorporeal membrane 
oxygenation.
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cmH2O, to reduce ventilation induced lung injury (VILI) 
(29,30). The pump flow and sweep gas flow of the ECMO 
is adapted according to the results of frequent blood gas 
analysis, intraoperatively at least every 30 minutes. In case 
of hypoxemia we use the following strategies to improve 
oxygen delivery and oxygenation: blood transfusion, muscle 
relaxation, sedation, cooling, increasing ventilator FiO2 
(inspiratory oxygen fraction), increasing ventilator positive 
end-expiratory pressure (PEEP), increasing cardiac output 
or increasing oxygen flow to membrane lung (31).

Perioperative intensive care management 

Anticoagulation on ECMO in the perioperative surgical 
setting is historically performed via unfractioned heparin 
(UFH), mainly based on considerations of experience and 
reversibility. However, there is still an ongoing debate 
on what might be the ideal anticoagulant drug and which 
goals [e.g., activated partial thromboplastin time (aPTT) 
vs. anti-activated factor X (anti-Xa) vs. activated clotting 
time (ACT)] should be achieved (32). In this context not 
only the risk of bleeding and thrombosis has to be balanced, 

but also patient specific and at the same time dynamic 
aspects like drug metabolism and organ dysfunction must 
be taken into account. Point of care coagulation monitoring 
devices like ROTEM® or TEG® might offer a more detailed 
insight into the patient’s actual coagulation system but their 
superiority over global tests is not proven yet. By using 
UFH a continuous infusion with approximately 400–1,500 
IE/hour is started to achieve an aPTT of 45–55 seconds. 
At this point once again, it is essential to emphasize that 
any anticoagulation strategy constantly has to be re-
evaluated and adapted to the patient’s individual needs. 
In case of bleeding complications, which perioperatively 
may be caused by low platelet count, platelet dysfunction, 
hypofibrinogenemia, acquired von Willebrand syndrome 
and possibly FXIII deficiency, intravenous heparin should 
be paused. In addition, any form of pharmacological 
procoagulative intervention (e.g., coagulation or blood 
components, antifibrinolytics)—even the administration of 
rFVIIa—can be administered on ECMO (33). As bleeding 
remains the most common complication on ECMO and 
also the most frequent reason for compelled termination of 
extracorporeal support, it has to be treated in an aggressive 

Figure 3 Non-elective thoracic surgery due to thoracic bleeding complications in patients with VV ECMO (13). VV, veno-venous; ECMO, 
extracorporeal membrane oxygenation.

Non-elective thoracic surgery in patients with VV-ECMO
12/2010–12/2016

Patients: n=29

Patients: n=23

After thoracic interventions: n=47 (94%)
After thoracic trauma: n=1 (2%)

Spontaneous bleeding while on ECMO: n=2 (4%)

Operations: n=70

Operations: n=50

Non-elective thoracic surgery due to thoracic bleeding/hemothorax

Reasons for thoracic bleeding with subsequent thoracic surgery
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manner (34). Once the bleeding is under control, systemic 
anticoagulation is re-started, initially often on a sub-
therapeutic range. 

In patients on VV ECMO we always adapt the pump flow 
to ensure adequate oxygenation and to accomplish (ultra)-
protective mechanical ventilation with adequate PEEP 
levels, low tidal volumes and a driving pressure (ΔP) of less 
than 10 cmH2O if feasible (35). However, in patients after 
non-elective thoracic surgery and consequently elevated 
bleeding risk as well as risk for redo surgery, we adjusted our 
standard protocol. Since most patients with intrathoracic 
bleeding or infections suffer from diffuse perioperative 
haemorrhage from the pleural tissue or the lung surface, 
these patients might benefit from a broad-based contact of 
the visceral to the parietal pleura. Therefore, we particularly 
increased the PEEP and temporarily the tidal volume 
in order to open up residual dystelectases aiming at as 
much as possible expanded lung parenchyma. This pleural 
compression between the lung and the chest wall supported 
by a prolonged chest tube therapy might reduce the risk for 
intrapleural diffuse bleeding.

Generally, in order to take account for the increased 
bleeding risk in the perioperative setting, indication setting 
for any invasive procedure such as placement of additional 
chest tubes, changes of central venous catheters or even 
transurethral catheterizations should be critically questioned 
and minimized whenever possible. 

Review of the literature 

The intraoperative use of VV or VA ECMO in patients 
undergoing elective, complex thoracic surgery involving 
the main airway, the heart or the aorta has been reported in 
various case reports and feasibility studies. These patients 
suffer from an increased morbidity and mortality rate, 
which might be rather an attribute of the local advanced 
disease and the patients’ comorbidities (36). But there are 
also indications for non-elective thoracic surgery procedures 
in patients while on ECMO support, especially during 
mid- and long-term support with well-known potential 
complications (13).

Any surgical intervention during ECMO support has 
an elevated bleeding risk due to systemic anticoagulation 
and subsequent coagulation disorders (20,37). According 
to our experience, these complications steadily increase 
during longer duration of ECMO therapy: activation of 
the coagulation system, hyperfibrinolysis, lower platelet 
count, impaired platelet function, the acquisition of von 

Willebrand syndrome and deficiency of certain coagulation 
components including fibrinogen (5,10,38). ECMO 
patients may suffer from a consecutive inflammatory 
response syndrome, caused by the underlying disease, the 
contact of the blood with the extracorporeal surfaces and 
the therapy itself (39). According to data of the ELSO-
Registry 2016, bleeding complications at the surgical 
site occurred in 16.7% of patients with a survival rate of  
42% (6 ) .  Thorac ic  surgery  was  a s soc ia ted  wi th 
uncontrollable bleeding complications in ECMO patients 
(12,22). Even the insertion of a chest tube can lead to 
severe thoracic bleeding complications resulting in a 
four-time increased mortality (11,40). Therefore, any 
thoracic intervention (e.g., pleural catheter or drainage) 
as well as thoracic surgical procedures while on ECMO 
are always associated with an increased risk of further 
complications and mortality (10,13). A strict indication 
selection for any thoracic intervention combined with 
an adjusted perioperative management (ECMO devices 
with coated circuits, standard anticoagulation protocol) 
is highly recommended. Approximately 60% of our 
patients with thoracic bleeding complications underwent 
a previous intervention or thoracic surgery, because 
the clinical situation of the patient necessitated these 
diagnostic or therapeutic measurements. Nevertheless, 
in 40% of our patients with intrathoracic hemorrhage, 
the bleeding appeared spontaneously without previous  
intervention (10,15,16). 

Even after primarily successful thoracic surgery and 
stopping of all systemic anticoagulation, almost half of 
our patients with intrathoracic bleeding needed repeated 
surgery due to recurrent bleeding (10). Since in most 
patients there were diffuse intrathoracic bleedings and also 
postoperatively the bleeding tendency persisted, packing of 
the thoracic cavity was the only way for surgical bleeding 
control in many. Based on our experience, the combination 
of the following perioperative actions might reduce the risk 
of further bleeding complications: 

(I) Accurate intraoperative surgical bleeding control 
(especially of the pleural surface; e.g., coagulation, 
use of fibrin glue);

(II) Liberally packing of the pleural cavity in case of 
persistent diffuse bleeding;

(III) Prolonged chest tube therapy including frequent 
lavage to avoid clogging;

(IV) Resting of  systemic anticoagulation and a 
purposeful application of coagulation factors;

(V) Application of an adapted weaning procedure. 
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Conclusions

Strict indication for non-elective thoracic surgery in patients 
under support with ECMO is highly recommended. Both 
the underlying disease for the need of ECMO and life-
threatening thoracic complications while on ECMO, too, 
might necessitate urgent invasive thoracic interventions. 
Based on our data, the mortality rate was increased in 
patients with thoracic bleeding complications or after 
non-elective thoracic surgery. Therefore, we strongly 
recommend a primary conservative approach and every 
time careful assessment of thoracic interventions, when 
clinically justifiable. Furthermore, a modified perioperative 
coagulation management and weaning protocol were 
suggested in these patients as well as a prolonged chest tube 
therapy in order to minimize the risk of recurrent bleeding 
or repeated surgery.
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