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How small is enough for the left heart decompression 
cannula during extracorporeal membrane 
oxygenation?

Background: Left ventricular (LV) distension is a recognizable problem accompanied by sub-
sequent complications during venoarterial extracorporeal membrane oxygenation (VA-EC-
MO). However, no gold standard for LV decompression has been established, and no minimal 
flow requirement has been designated. Thus, we evaluated the efficacy of the 8-Fr Mullins 
sheath for left heart decompression during VA-ECMO in adult patients.
Methods: Left heart decompression was performed when severe pulmonary edema was de-
tected on chest radiography or when no generation of pulse pressure followed severe LV dys-
function in patients receiving VA-ECMO. We punctured the interatrial septum and inserted 
an 8-Fr Mullins sheath into the left atrium via the femoral vein. The sheath was connected to 
the venous catheter used for ECMO. The catheter was maintained during VA-ECMO.
Results: The left heart decompression procedure was performed in seven of 35 patients who 
received VA-ECMO between February 2017 and June 2018. Three patients had acute myocar-
dial infarction; three, fulminant myocarditis; and one, dilated cardiomyopathy. Four patients 
showed noticeable improvement of pulmonary edema within 3 days, and three patients with 
a pulse pressure of <10 mm Hg showed an increase in pulse pressure of >20 mm Hg within 
24 hours from the left heart decompression procedure. All seven patients were successfully 
weaned from VA-ECMO. No complications related to the left heart decompression procedure 
occurred.
Conclusions: An 8-Fr sheath may be a possible option for left heart decompression in adult 
patients with LV distension under VA-ECMO who are expecting recovery of LV function.
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INTRODUCTION

Left ventricular (LV) distension is a common complication during venoarterial extracorpore-

al membrane oxygenation (VA-ECMO) [1], and LV distension may cause subsequent prob-

lems [2-4]. Therefore, several strategies have been devised to improve LV distension. An intra-

aortic balloon pump, transaortic ventilation via the pigtail catheter, a catheter-based trans-

aortic axial flow pump, left atrial (LA) decompression by venting catheter insertion, and in-

teratrial septostomy are possible solutions [2]. These procedures have been found to be effi-
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cacious [5,6]. However, there is no consensus on the appropri-

ate method for LV decompression, and the flow rate required 

for proper decompression is unknown.

 LA venting catheter insertion is a commonly performed 

procedure for LV decompression in patients receiving VA-EC-

MO. However, the LA venting procedure may cause proce-

dure-related complications, especially when a large catheter 

is inserted, whereas a small catheter may lead to problems of 

inadequate LV decompression. Therefore, the size of the cath-

eter for the procedure should be selected carefully.

 We hypothesized that LA drainage with an 8-Fr catheter, 

which is smaller than the catheter usually inserted for LV de-

compression in adult patients, may effectively decompress 

the left heart for adult patients receiving VA-ECMO who show 

signs of LV distension. For patients who showed signs of LV 

distension, we performed left heart decompression by insert-

ing an 8-Fr Mullins sheath in the LA and evaluated the final 

outcomes and efficacy of the procedure, focusing on the im-

provement of pulmonary edema and development of pulse 

pressure.

MATERIALS AND METHODS

Study Population
From February 2017 to June 2018, 35 adult patients received 

VA-ECMO in Korea University Ansan Hospital. When pulmo-

nary edema was aggravated or pulse pressure deteriorated in 

patients receiving VA-ECMO, we considered left heart decom-

pression. The Institutional Review Board of Korea University 

Ansan Hospital approved the study protocol and waived the 

requirement for informed consent (IRB No. 2018AS0190).

ECMO Implantation and Management
The indication for and characteristics of ECMO were decided 

by cardiovascular surgeons, cardiologists, and/or emergency 

department physicians when they encountered patients with 

refractory cardiogenic shock or patients under cardiopulmo-

nary resuscitation. The catheter for ECMO was inserted per-

cutaneously with the peripheral vascular approach by cardio-

vascular surgeons using the Seldinger technique. Cannulation 

was most commonly performed in the femoral vein and fem-

oral artery. The size of the cannula ranged from 16 to 18 Fr for 

the femoral artery and from 20 to 22 Fr for the femoral vein. 

The Capiox Emergency Bypass System (Capiox EBS, Terumo 

Inc., Tokyo, Japan) and Permanent Life Support (Maquet, Ras-

tatt, Germany) were used. Continuous unfractionated hepa-

rin was infused to maintain the activated partial thromboplas-

KEY MESSAGES 

■  We performed a left heart decompression with an 8-Fr 
Mullins sheath, which is a smaller catheter than that 
usually inserted for the left atrial venting procedure. 

■  All seven patients who underwent the procedure were 
successfully weaned from the extracorporeal membrane 
oxygenation (ECMO). 

■  Even an 8-Fr catheter may be used reliably for left heart 
decompression in adult patients receiving venoarterial 
ECMO and expecting left ventricular functional recovery. 

tin time between 45 and 60 seconds, or activated clotting time 

between 140 and 180 seconds. We tried to maintain the mean 

arterial pressure between 65 and 80 mm Hg.

Left Heart Decompression Procedure
Patients who showed progression of significant pulmonary 

congestion on chest radiography with or without bilateral 

moist rales at chest auscultation, pink frothy expectoration, 

and low pulse pressure during VA-ECMO were considered for 

the left heart decompression procedure. The procedure was 

also considered when ECMO was indicated if the pulmonary 

congestion was very severe. For the left heart decompression 

procedure, we used an 8-Fr Mullins sheath. First, a Brocken-

brough needle was inserted in the right atrium via an 8-Fr vas-

cular sheath (Mullins sheath) from the femoral vein. Transsep-

tal puncture was performed under fluoroscopic guidance. The 

Mullins sheath was then inserted in the left atrium over the 

Brockenbrough needle, and then the needle was removed. A 

three-way connector connected the Mullins sheath and ve-

nous catheter of the ECMO device for drainage.

Data Collection and Outcomes
Laboratory data and information on age, sex, and primary 

cardiac problems causing refractory cardiogenic shock were 

collected from the patients’ medical records and reviewed. 

Changes in vital signs after ECMO support and after the left 

heart decompression procedure were closely monitored. The 

efficacy of the procedure was evaluated on the basis of the 

improvement of the pulmonary edema observed on chest ra-

diography and the development of pulse pressure after the 

procedure.

RESULTS

The left heart decompression procedure was performed in 
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seven patients during VA-ECMO. The median age of the pa-

tients was 58 years (range, 22 to 70 years) and body surface 

area was 1.78 m2 (range, 1.54 to 2.12 m2). Three patients had 

acute myocardial infarction, three patients had fulminant myo-

carditis, and one patient had dilated cardiomyopathy. Four 

patients had extracorporeal cardiopulmonary resuscitation. 

The left heart decompression procedure was performed im-

mediately after the start of ECMO in four patients. In one pa-

tient, the procedure was performed within 24 hours from the 

start of ECMO. Among all seven patients, two patients were 

not supported by a mechanical ventilator. Before the left heart 

decompression, four patients showed severe pulmonary ede-

ma and four showed decreased pulse pressure of < 10 mm Hg 

(Table 1). The median duration of VA-ECMO in all the patients 

was 185 hours (range, 82 to 342 hours). All the patients were 

successfully weaned from the ECMO, although one patient 

died of septic shock three weeks after ECMO weaning. One 

patient underwent heart transplantation (Table 2).

 After the left heart decompression procedure, four patients 

showed improvement of pulmonary edema within 3 days (Fig-

ure 1). Among these four patients, two showed marked improve-

ment of pulmonary edema within 24 hours. Among the other 

three patients, one took 6 days to attain improvement of pul-

monary edema, and the other two developed pneumonia; there-

fore, we could not estimate the effect of left heart decompres-

sion by the improvement of pulmonary edema from the chest 

radiograph. Four patients, including two with very weak pulse 

pressure ( < 5 mm Hg) and one without improvement of pul-

monary edema, showed a noticeable increase in pulse pres-

sure within 24 hours from the left heart decompression proce-

dure. One patient experienced aggravation of pulmonary con-

gestion and decreased pulse pressure due to obstruction of 

the decompression catheter (Table 2).

Table 1. Baseline characteristics of the patients

Patient  
   No.

Age 
(yr)

Sex BSA (m2) DM HTN Other
Cause of 

shock
Cardiac arrest  

before ECMO start
ECPR

MV  
support

1 56 Male 1.81 No Yes MI Yes Yes Yes

2 56 Female 1.54 No No Previously on ECMO support 
due to myocarditis

Myocarditis No No No

3 70 Male 1.72 Yes No RWMA due to old MI MI Yes Yes Yes

4 58 Male 2.12 No No Myocarditis Yes Yes Yes

5 22 Female 1.69 No No DCMP Yes No Yes

6 59 Male 1.79 No No MI Yes Yes Yes

7 66 Female 1.78 Yes Yes Myocarditis No No No

BSA: body surface area; DM: diabetes mellitus; HTN: hypertension; ECMO: extracorporeal membrane oxygenation; ECPR: extracorporeal cardiopulmo-
nary resuscitation; MV: mechanical ventilation; MI: myocardial infarction; RWMA: regional wall motion abnormality; DCMP: dilated cardiomyopathy.

Table 2. Clinical outcomes of patients who underwent venoarterial ECMO and insertion of the left heart decompression catheter

Patient  
   No.

Outcome
Survival  

discharge
ECMO  

duration (hr)
Time from ECMO insertion to 

venting catheter insertion
Improvement in  

pulmonary edema
Change in  

pulse pressurea Compli cation

1 Successful weaning Yes 235 Immediate Unable to confirm 
due to pneumonia

 3→34

2 Successful weaning No 342 30 hr 6 day 4→8

3 Successful weaning Yes   82 Immediate 1 day  8→26

4 Successful weaning Yes 131 15 hr Unable to confirm 
due to pneumonia

- Venting catheter 
obstruction

5 Bridge to transplantation Yes 198 Immediate 6 hr  7→41

6 Successful weaning Yes   68 Immediate 3 day  0→42

7 Successful weaning Yes 185 40 hr 3 day 16→20

ECMO: extracorporeal membrane oxygenation.
aLowest pulse pressure within 12 hours from venting catheter insertion→pulse pressure after 24 hours from venting catheter insertion (mm Hg). 
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DISCUSSION

For the seven patients who received VA-ECMO and had LV 

distension, we performed a left heart decompression proce-

dure using an 8-Fr Mullins sheath. We checked the efficacy of 

the procedure in all seven patients, all of whom were success-

fully weaned from VA-ECMO, including one who underwent 

heart transplantation. Four patients showed improvement of 

pulmonary edema within three days from the procedure, and 

four patients showed a noticeable increase in pulse pressure 

within 24 hours.

 LV distension is a common event during VA-ECMO. The in-

cidence of LV distension ranges from 12% to 68% [7-9]. LV dis-

tension results in subsequent complications of pulmonary 

edema and LV thrombus [10]. The functional recovery of the 

LV also is disturbed by LV distension [2]. Therefore, the prog-

nosis of patients who develop such complications is worse 

than that of patients without LV distension during ECMO [11].

 Although no guidelines or gold standard has been estab-

lished for the management of LV distension during VA-ECMO, 

several methods have been used to improve LV distension. An 

intra-aortic balloon pump was used to reduce the LV afterload 

and improve coronary artery flow [12]. Building a venting flow 

from the left heart is another method. To create a drain direct-

ly from the LV, a transaortic catheter or axial flow pump can 

be used [13-15]. LA venting is also effective in this condition 

because LV distension is accompanied by considerable mitral 

regurgitation, sometimes with the impairment of the mitral 

apparatus. Interatrial septostomy [16,17] or insertion of a LA 

venting catheter through the interatrial septum and connect-

ing the catheter to the venous catheter of ECMO [18,19] is per-

formed for LA venting. However, each procedure is associated 

with the risk of additional bleeding, and fluoroscopy or trans-

esophageal echocardiography guidance is required to avoid 

opening the chest cavity. LA venting strategies with interatrial 

septostomy or insertion of a large catheter in the left atrium 

via the interatrial septum may lead to iatrogenic atrial septal 

defects.

 For patients receiving VA-ECMO who have LV distension, we 

tried to decompress the left heart with an 8-Fr Mullins sheath. 

The 8-Fr catheter is much smaller in size than the catheters 

generally inserted for LA venting in adult patients receiving 

Figure 1. Improvement of pulmonary edema after left heart decompression catheter insertion. (A) Chest radiograph taken immediately af-
ter left heart decompression catheter insertion. (B) Chest radiograph taken 24 hours after venting catheter insertion.

A B
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VA-ECMO [18,20]. The use of smaller catheters resulted in 

fewer complications, with no procedure-related bleeding in 

our patients. The cost of the procedure was less than the other 

procedures, and handling of the catheter was also easy during 

and after the procedure in our patients. The only complication 

in our study was catheter obstruction due to thrombus in pa-

tient 4, who showed delayed improvement of pulmonary ede-

ma. We thought that the thrombus developed as a result of the 

low activated coagulation time, which was < 120 seconds on 

that day. However, the efficacy of our procedure was proven 

by this case. The pulmonary edema of patient 4 was aggravat-

ed after the obstruction of the catheter.

 When inserting the decompression catheter, the catheter 

should have a sufficient flow rate because if the flow rate is very 

low, the LV distension cannot be relieved properly. Although 

we did not measure the flow rate of the decompression cathe-

ter, we expected the flow rate to be approximately 300 ml/min, 

based on our experience [21]. Another article also reported 

that the flow rate of the 8-Fr LA venting catheter in humans 

was up to 270 ml/min [18]. A flow rate of approximately 300 

ml/min might be enough for adult patients receiving VA-EC-

MO, since the flow rate to the left atrium from the bronchial 

artery, which is maintained when cardiac function is stopped, 

is 1% of the cardiac output [22]. However, the required flow 

rate for left heart decompression varies according to the con-

dition of patients (e.g., remaining cardiac function and dura-

tion of VA-ECMO). We think that a flow rate of approximately 

300 ml/min for left heart decompression may meet the flow 

requirement for left heart decompression in patients who are 

expecting LV functional recovery soon. Finally, our patients 

recovered from the LV distension and were weaned from EC-

MO successfully. We suggest that an 8-Fr catheter may be an-

other option for left heart decompression when recovery of LV 

systolic function is expected.

Limitations
As we did not use the Swan-Ganz catheter, we did not obtain 

precise hemodynamic data and evidence for increased LV end 

diastolic pressure in our patients. Moreover, we did not mea-

sure the changes in LV dimensions, stroke volume, or systolic 

function before and after the procedure. We evaluated only 

the clinical symptoms and signs of the patients rather than the 

objective parameters before and after the left heart decom-

pression procedure. Likewise, we did not measure the precise 

flow rate of the LA venting catheter. Instead, the efficacy of the 

procedure was indirectly reflected by the increase in pulse 

pressure and the improvement of pulmonary edema. The col-

or of the blood in the LA venting catheter also indicated im-

provement of pulmonary edema after the procedure. Finally, 

long-term follow-up data were not obtained; hence, the de-

velopment of complications such as iatrogenic atrial septal 

defects and related complications in patients who survived 

from the cardiac event was not evaluated. However, we expect 

that only a small part or trace of the defect would remain.

 In this study, we report the efficacy of left heart decompres-

sion with an 8-Fr Mullins sheath in patients receiving VA-EC-

MO and presenting LV distension. Most of the patients showed 

significant improvement of pulmonary edema, and all were 

successfully weaned from ECMO support. This implies that 

even a small amount of LA drainage with close monitoring of 

the patency and efficacy of the catheter may be effective for 

relieving distended LV, improving the patient outcome. Left 

heart decompression with a small catheter may be a possible 

choice without mechanical complications, especially for pa-

tients expecting recovery of LV function.
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