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Abstract

Background Acute respiratory failure is a serious issue
that occasionally occurs after weaning from cardiopulmo-
nary bypass (CPB) after heart surgery. This condition can
be refractory to mechanical ventilation and the mortality
rate is high. Venovenous extracorporeal membrane oxy-
genation (VV-ECMO) is applied to treat acute lung failure
after CPB at our institution. This report describes the use of
VV-ECMO after cardiac surgery at a single institution.
Methods We analyzed the outcomes of 11 patients who
developed severe acute respiratory failure requiring VV-
ECMO after undergoing heart surgery with a cardiopul-
monary bypass.

Results Four (36.4 %) patients died in hospital. One
patient required conversion from VV- to venoarterial (VA-)
ECMO because of circulatory instability. One patient each
died of respiratory failure and heart failure and two died of
ischemic colitis. Lung damage secondarily developed in
these four patients to other disabled organs. Seven (63.6 %)
patients whose lungs were primarily disabled were weaned
from VV-ECMO upon recovery from respiratory failure
and were ambulatory at the time of discharge from hospi-
tal. The ratio of PaO,/FIO, (P/F) at 24 h after starting VV-
ECMO did not significantly differ between survivors and
non-survivors (187.9 + 57.7 vs. 135.5 &+ 20.5, p = 0.10),
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but tended to be higher in survivors. Non-survivors were
significantly older than survivors.

Conclusion Patients who develop severe acute respiratory
failure after undergoing heart surgery using cardiopulmo-
nary bypass derive a survival benefit from VV-ECMO.

Keywords Cardiothoracic surgery - Extracorporeal
membrane oxygenation (ECMO) - Outcomes

Introduction

The incidence of acute respiratory damage is increasing,
with an approximate occurrence of 190,000 per year in the
USA [1]. The clinical picture of this condition is mostly an
acute respiratory distress syndrome (ARDS), but it might
also be related to cardiac disease [2]. The mortality rate of
severe acute lung failure that sometimes occurs after car-
diopulmonary bypass is high [3], because mechanical
ventilation alone cannot maintain the respiratory functions
of such patients.

Extracorporeal membrane oxygenation (ECMO) pro-
vides powerful circulatory and respiratory support in
patients with severe acute cardiac and respiratory failure
that is refractory to mechanical ventilation [4]. It also
decreases mortality rates among neonates with severe
respiratory failure [5, 6] and the findings of other studies of
ECMO in respiratory failure have been encouraging [7, 8].
Respiratory support is considered comparable between
venovenous (VV) and venoarterial (VA) ECMO [9], but
the outcomes of VV-ECMO for patients who develop
severe acute respiratory failure after heart surgery are
unknown. Therefore, the present study analyzes the value
of VV-ECMO to such patients.



Gen Thorac Cardiovasc Surg (2013) 61:402-408

403

PaO2=80mmHg +  Exacerbation of Oxygenation

or

(maximum mechanical ventilation) X
Foamy expectoration

FiO2:1.0, PEEP:10mmHg

j ECMO is indicated

‘ Circulatory Collapse ‘

VAT

Fig. 1 Strategy for introducing VV ECMO. Selection of venovenous
or venoarterial ECMO depends on presence or absence of circulatory
collapse, respectively. ECMO extracorporeal membrane oxygenation,
N no, VA venoarterial, VV venovenous, Y yes

Patients and methods

Eleven patients (age, 63.2 & 17.1; range, 35-83 years;
male, n = 8) developed severe acute respiratory failure
that required VV-ECMO after heart surgery at the New
Tokyo Hospital between December 2009 and September
2011. During this period, 706 heart surgeries were per-
formed at our hospital. We analyzed differences between
survivors and non-survivors.

Indication for venovenous ECMO

We apply VV-ECMO under the following conditions:
PaO, < 80 mmHg and exacerbation of oxygenation or the
appearance of foamy expectoration under maximum
mechanical ventilation [FiO,, 1.0; positive end-expiratory
pressure (PEEP), 10 mmHg]. Nitric oxide is not used to
optimize V/Q matching. The selection of VV or VA
ECMO depends on the absence of circulatory collapse
(Fig. 1). During this surveyed period, VA-ECMO was
performed in 2 patients after surgeries.

Cardiac functions were measured by transesophageal
echocardiography. We evaluated whether hemodynamic
states could be preserved using inotropes and intra-aortic
balloon pumping (IABP) without conversion to VA-
ECMO. Table 1 shows hemodynamic parameters [cardiac
index (CI; L/min/m?), pulmonary artery pressure (PAP,
mmHg), pulmonary capillary wedge pressure (PCWP,
mmHg), and central venous pressure (CVP, mmHg)] at the
time of starting VV-ECMO in each patient. The CI was
maintained at >2.2 in most patients, but was <2.2 in one
patient (No. 9) who was converted to VA-ECMO four
hours after starting VV-ECMO.

We established VV-ECMO under venous drainage from
the femoral vein using a 20-24-Fr catheter. The tip of a

Table 1 Hemodynamic parameters at the introduction of VV-ECMO

No. Age Operation CI PAP/ CVP
PCWP

1 82  TAR, DAR, TAP, CABG, Maze 2.6 45/28 14

2 67  Bentall, CABG 2.3 35/26 16

3 35 MVP, TAP (rt. thoracotomy) 3.4 46/28 15

4 63  CABG, Coronary artery plasty 2.6 42/30 24

5 66  Bentall, MVP, TAP, PV 22 39/22 14
Plication, PA plication

6 76 redoBentall, TVR 2.2 32/18 12

7 42 CABG, MVP, TAP 2.6 51728 9

8 78  AVP, CABG 2.5 16

9 83  AVR, MVP, TAP, Maze, PMI, 1.9 46/26 18
CABG, PFO closure

10 63 AVR, Asc Ao rep 2.6 47/25 19

11 40 CABG, MAP, TAP, Maze 2.5 48/20 14

Asc Ao rep ascending aortic replacement, AVP aortic valve plasty,
AVR aortic valve replacement, CABG coronary artery bypass grafting,
C.I. cardiac index (L/min/mz), CVP central venous pressure (mmHg),
DAR descending thoracic aorta replacement, ECMO extracorporeal
membrane oxygenation, MAP mitral annular plasty, MOF multiple
organ failure, MVP mitral valve plasty, OR in the operation room, PA
pulmonary artery, PAP pulmonary artery pressure (mmHg), PCWP
pulmonary capillary wedge pressure (mmHg), PMI pacemaker
implantation, PV pulmonary vein, TAP tricuspid annular plasty, TAR
total arch replacement, TVR tricuspid valve replacement

long catheter was inserted into the inferior vena cavae and
arterialized blood was returned to the right atrium via a
17-20 Fr catheter inserted into the femoral vein on the
opposite side, or via a 14 Fr catheter from the right jugular
vein (Fig. 2). Pump flow was 2.0-4.0 L/min and adjusted
to allow lung protective ventilation and sufficient gas
exchange.

Conventional therapies included continuous hemodia-
filtration (CHDF), lung recruitment maneuvers, and prone
positioning while VV-ECMO maintained the respiratory
status of the patients.

Statistical analysis

Continuous variables and categorical variables are
expressed as mean =+ standard deviation and frequency
(%), respectively. The preoperative and operative data of
the patients were assessed using a ¢ test for continuous
variables and the x> test or Fisher’s exact test for cate-
gorical variables. All data were statistically analyzed using
Dr SPSS 1I software (SPSS Inc., Chicago, IL, USA). A
probability value of < 0.01 was considered statistically
significant.

@ Springer



404

Gen Thorac Cardiovasc Surg (2013) 61:402-408

Fig. 2 Schema of venovenous
ECMO circuit. Circuit is
established with venous
drainage from femoral vein
using 20-24 Fr. cannula and
arterialized blood is returned to
opposite femoral or right jugular
vein (tip of tube is placed in
right atrium) using 17-20 Fr.
arterial cannula

Table 2 Background of the patients

No Sex Age NYHA HD COPD EF (%) Emergency Standard EuroScore (points) Logistic EuroScore (%) Outcome
1 M 82 2 N Y 68 N 10 18.41 D
2 M 67 3 N N 60 Y 13 40.51 A
3 F 35 3 N N 58 N 8 10.18 A
4 M 63 4 N N 60 Y 12 23.47 A
5 M 66 3 N N 39 N 8 10.57 A
6 M 76 4 Y N 69 N 20 85.49 D
7 M 42 3 N N 32 N 7 8.06 A
8 F 78 2 Y Y 65 N 11 25.15 D
9 M 83 3 N N 66 N 12 28.74 D
10 F 63 4 N N 46 Y 11 24.99 A
11 M 40 3 N N 31 N 10 14.9 A

A alive, COPD chronic obstructive pulmonary disease, D death, EF ejection fraction, HD hemodialysis, N no, NYHA New York Heart

Association, Y yes

Results

Eleven patients required VV-ECMO. Table 2 shows the
background of the patients and Table 3 shows their surgical
features and outcomes. Four (36.4 %) patients died in
hospital due to uncontrollable respiratory failure (n = 1),
ischemic colitis (n = 2), and heart failure related to systolic
anterior movement (SAM; n = 1). The latter patient
required conversion from VV to VA ECMO because of
hemodynamic instability. All seven (63.6 %) remaining
patients who recovered from respiratory failure were
weaned from VV-ECMO and discharged while ambulatory.

Non-survivors
Patient 1. An 82-year-old man with a history of severe

chronic obstructive pulmonary disease (COPD) requiring

@ Springer

full medical treatment underwent total arch and descending
thoracic aorta replacement, tricuspid annular plasty (TAP),
and the Maze procedure.

Patient 6. A T76-year-old man with a history of aortic
valve replacement (AVR) was re-admitted with ongoing
sepsis and active prosthetic valve endocarditis with an
aortic root abscess that communicated with the right
atrium. Emergency redo-Bentall procedure and tricuspid
valve replacement were performed. This patient required
mechanical ventilation, inotropes, and CHDF before
surgery.

Patient 8. A 78-year-old woman who underwent aortic
valve plasty and CABG developed ischemic colitis on
POD3 followed by aspiration pneumonia. Although VV-
ECMO considerably improved oxygenation, she did not
recover from the ischemic colitis.

Patient 9. An 83-year-old man developed severe acute
respiratory failure immediately after complicated triple
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Table 3 Surgical features and outcomes of patients
No Age Surgery Starting Primary disabled ECMO Conversion ~ Hospital ~ Causes of
ECMO organ support (h) to VA death death
1 82 TAR, DAR, TAP, CABG, Maze POD2 Lung 105 N Y Respiratory
failure
2 67 Bentall, CABG OR Lung 110 N N -
3 35  MVP, TAP (rt. thoracotomy) OR Lung 88 N N -
4 63 CABG, coronary artery plasty POD2 Lung 136 N N -
5 66 Bentall, MVP, TAP, PV Plication, OR Lung 40 N N -
PA plication
6 76  Emergency redo Bentall, TVR OR MOF (Sepsis, 260 N Y Ischemic
Active IE) colitis
42 CABG, MVP, TAP OR Lung 110 N N -
78  AVP, CABG POD3 Colon 14 N Y Ischemic
colitis
9 83 AVR, MVP, TAP, Maze, PMI, POD1 Heart 17 Y Y SAM
CABG, PFO closure
10 63  AVR, Asc Ao rep OR Lung 59 N N -
11 40 CABG, MAP, TAP, Maze POD1 Lung 73 N N -
SAM systolic anterior movement, VA venoarterial, VV venovenous
valve surgery, the Maze procedure and CABG. Because his ~ Comment

hemodynamic status was maintained reasonably well, VV-
ECMO was applied. However, transesophageal echocar-
diography revealed worsening SAM that causes hemody-
namic instability and he was converted from VV to VA-
ECMO.

Patient 1 died 10 days after weaning from VV-ECMO
and the others died under VV-ECMO support.

Table 4 compares the characteristics between the survi-
vors and non-survivors. The non-survivors were signifi-
cantly older (79.8 £ 3.3 vs. 53.7 & 14.0 years, p < 0.01)
and had a significantly higher ejection fraction (67.0 + 1.8
vs. 46.6 = 12.9 p = 0.01) than the survivors. The duration
of surgery, cardio-pulmonary bypass (CPB), aortic cross
clamping (ACC), and ECMO did not significantly differ
between the groups (non-survivors vs. survivors: 582 + 178
vs. 536 &+ 126 min, p = 0.63; 325 £ 110 vs. 307 &+
80 min, p = 0.76; 249 £ 83 vs. 235 & 73 min, p = 0.95;
99 &£ 115 vs. 88 & 33 min, p = 0.81, respectively).

Table 5 and Fig. 3 show changes in PaO,, PaCO,, and
PaO,/FiO, (P/F) ratios. Although PaO, improved after
starting VV-ECMO (from 68.5 + 11.4 to 180.8 £ 75.1),
the values did not significantly differ between non-survi-
vors and survivors (65.7 £ 16.2 to 182.9 £+ 103.4 vs.
70.2 & 8.7 to 179.5 £+ 63.7).

The P/F ratio also did not significantly differ between
the groups after applying VV-ECMO (non-survivors vs.
survivors:  71.2 £8.5 vs. 657 £ 16.0, p = 0.55).
Although the difference did not reach significance, the P/F
rate was higher in the survivors at 24 h after starting VV-
ECMO (187.9 £ 57.7 vs. 135.5 £ 20.5, p = 0.1).

Mortality rates are very high among patients who undergo
heart surgery and develop severe acute lung damage after
CPB [3]. Applying VV-ECMO improved the survival of
such patients.

Powerful circulatory and respiratory support can be
provided by EMCO to patients with severe acute cardiac
and respiratory failure that is refractory to mechanical
ventilation [4]. The extracorporeal life support organization
(ELSO) registry reports survival rates of >80 % in neo-
nates and of 40-50 % in older children who have received
ECMO support [10]. Adults with severe respiratory failure
have received ECMO since the 1970s. Although two ran-
domized trials did not find any particular benefit of ECMO
[11, 12], others have found that ECMO is helpful for adults
with severe ARDS [8, 13]. Although the benefit of VV-
ECMO for adults remains controversial because convinc-
ing results have never been demonstrated in a large patient
cohort [14-16], Schmid has demonstrated an overall sur-
vival rate of 56 % in 176 patients [17].

Criteria regarding the choice of VV- or VA-ECMO at our
institution have not been established. Schmid described
general indications for VV-ECMO of partial oxygen pres-
sure (PO,)/fraction of inspired oxygen (FiO,;) < 80 mmHg
under FiO, 1.0, PEEP 18 cm H,0O, and refractory to respi-
ratory acidosis (pH < 7.25) despite optimized conservative
therapy [17].

The risk of bleeding after heart surgery by using anti-
coagulation drug is a serious issue. We use anticoagulation
clotting time as an index and maintain it between 180 and
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Table 4 Comparison of characteristics between survivors and non-
survivors

All Survivors Non- p value
survivors
n 11 7 4 -
Sex (M/F) 8/3 5/2 3/1 0.90
Age 632+ 17.1 537+ 140 798 £33 <0.01
Weight 79.0 £447 63.6 £14.0 568 £16.0 048
(kg)
Height 145.0 £ 41.1 165.1 £ 14.1 159.0 £ 14.0 0.50
(cm)
BSA (m*) 1.7+ 03 1.70 £ 03  1.56 +£0.30 045
NYHA 2.9 + 0.80 3.0+ 0.8 2.8 £ 1.0 0.66
HT 10 (90.9) 6 (75.085.7) 4 (100) 0.77
HD 2 (18.2) 0 2 (50.0) 0.21
DM 3 (27.3) 3 (42.9) 0 0.41
HL 6 (54.5) 4 (57.1) 2 (50.0) 0.69
CI 19.1) 0 1 (25.0) 0.77
COPD 19.1) 0 1 (25.0) 0.77
ASO 0 0 0 -
EF (%) 540 £ 144 466 £ 129 670 % 1.8 0.01
BNP (pg/ 1041 £ 1010 1310 £ 1238 505 + 321 0.32
mL)
Standard 9.8 £48 9.1 £34 11.0 £ 7.0 0.56
Euro
Score*
Logistic 232 4+£23.6 178 £129 328 £364 0.34
Euro
Score’
Emergency 3 (27.3) 3 (42.9) 0 0.41
Surgical 552 + 140 536 + 126 582 + 178 0.63
duration
(min)
CPB 314 + 87 307 + 80 325 + 110 0.76
duration
(min)
ACC 247 + 73 235+ 73 249 + 83 0.78
duration
(min)
ECMO 92 £ 69 88 + 33 99 £+ 115 0.81
duration
(h)
IABP 7 (63.6) 4 (57.1) 3 (75.0) 0.96
CHDF 11 (100) 7 (100) 4 (100) -

ACC aortic cross clamping, ASO arteriosclerosis obliterans, BSA body
surface area, CHDF continuous hemodiafiltration, CI cerebral
infarction, COPD, chronic obstructive pulmonary disease, CPB car-
dio-pulmonary bypass, DM diabetes mellitus, ECMO extracorporeal
membrane oxygenation, HD hemodialysis, HL hyperlipidemia, HT
hypertension, /ABP intra aortic balloon pumping, NYHA New York
Heart Association

*Values shown as points
T Values shown as ratios (%)
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Table 5 Changes in PaO,, PaCO, and PaO,/FiO, (P/F) ratios

Before weaning After weaning

24 h 48 h 72 h 96 h 120 h

12 h

Before VV-ECMO After initiation of VV-ECMO

PaOz

161.6 £ 60.6
1719 £ 574

90

180.6 + 85.5
191.0 &+ 86.5

119.2 £ 124 131.0 £ 2.8
133
107
0.4

121.7 £ 145
115.5 £ 12.0

0.65

138.6 + 41.2
156.7 £ 38.5
102.4 £+ 10.8

0.06

131.6 £ 30.0
1354 + 344
120.0 £ 7.1
0.34

130.0 £ 26.4
1354 £ 272
1109 £+ 144

0.18

135.2 £+ 39.7
128.5 £ 35.1
150.8 £+ 53.6

0.56

180.8 £ 5.1

685t 114
70.2 £ 8.7

ALL

179.5 £ 63.7

Alive

129

1829 £ 1034

0.96

Death 65.7 £ 16.2

0.23

0.64

PaCO,

385 £ 4.7
38.1 £5.0

41.7

40.1 £ 3.9
39.8 £ 4.0

39.6

40.5 £ 1.6

39.3

39.2 £ 3.0
40.8 £ 2.7
40.8 £ 3.9

0.52

379 £5.1
36.0 £5.0
41.7 £ 3.7

0.22

364 + 3.9
36.1 + 4.4
374+ 23

0.62

352 +£42
35.1 £4.8
357+ 14

0.79

343 +£23
344 £23
339 +£26

0.79

344 £ 72
322 +£52
383 +94

0.29

48.8 £ 11.9
455 +£ 8.6

All

Alive

41.6

Death 54.5 £+ 16.1

0.63

0.52

0.36

P/F ratio

261.0 + 50.0
256.7 £ 77.8

155.0 £ 9.9 343.6 £ 725
148
162 112

170.7 £ 86.1
182.7 £ 78.5
147.0 £ 32.5

159.3 £ 46.7
0.53

183.8 £ 92.4

172.3 £ 66.2

174 £ 49.3

203.5 £+ 66.7
182.6 £ 65.2
189.7 £ 97.6

0.9

69.8 + 10.2
712 £ 85

All

331.9 £ 952

152

187.9 £ 57.7 200.8 £77.3 2153 + 84.4

135.5 £ 20.5

0.1

156.9 £+ 47.2
179.0 £+ 43.1

0.51

Alive

137.5 £ 27.6

0.17

146.0 £ 45.3

0.3

Death 65.7 £ 16.0

0.13

0.13

0.55

P/F Pa0,/FiO,, VV venovenous
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Fig. 3 Changes in PaO,, PaCO, and PaO,/FiO, (P/F) ratios. The
P/F ratio did not significantly differ between the groups after
introducing venovenous ECMO (non-survivors vs. survivors:
65.7 £ 16.0 vs. 71.2 £ 8.5, p = 0.55). Although the difference did

200 s during VV-ECMO and no bleeding re-exposure has
occurred. However, deep venous thrombosis in one patient
required placement of an inferior vena cava filter.

As for the value of respiratory support, Oshima et al.
[15] found a comparable effect of respiratory support
between VV- and VA-ECMO. Their study compared
patients who received VV- (n = 9) and VA- (n = 7) sup-
port and found ECMO removal rates of 50 and 43 %, and
hospital discharge rates of 33 and 14 %, respectively (*9).

The present study analyzed the outcomes of 11 patients
who received VV-ECMO after weaning from CPB (n = 6)
within 3 days after surgery (n = 5). The hemodynamics of
these patients was maintained using inotropes and IABP,
and VV-ECMO was needed only to support respiratory
function. The duration of ECMO did not differ between
survivors and non-survivors. Only one (25.0 %) of the

96h 120h Before After

weaning  weaning

72h

not reach significance, the P/F rate was higher in the survival group at
24 h after starting VV-ECMO (187.9 £+ 57.7 vs. 135.5 &+ 20.5,
p = 0.10)

four deaths was associated with respiratory failure. The
others were ischemic colitis (n = 2) and heart failure
related to SAM (n = 1). One patient died after weaning
from VV-ECMO and the remaining died under VV-
ECMO support. However, lung damage developed sec-
ondarily in these four patients after other organs became
disabled. To rescue patients under such circumstances is
difficult if the primary disabled organ has not fully
recovered. On the other hand, the primary disabled organ
in all survivors was also the lung. While VV-ECMO
maintained respiratory status in these patients, we fre-
quently assessed cardiac function and applied conven-
tional therapies such as CHDF, lung recruitment
maneuvers, and prone positioning. All survivors who were
weaned from VV-ECMO without conversion to VA-
ECMO were discharged while ambulatory.
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The non-survivors were significantly older than the
survivors (79.8 & 3.3 vs. 53.7 &£ 14.0, p < 0.01). Age is a
powerful predictor of mortality although underpowered due
to the small study cohort. Schmid indicated that the risk
factors affecting survival were advanced age, multiple
organ failure assessed by the sequential organ failure
assessment score, renal failure, and minute ventilation,
whereas sex, body mass index, duration of mechanical
ventilation before ECMO, and the degree of impaired gas
exchange (hypoxia, hypercapnia) were not significant risk
factors for death. [17].

Limitations

Several limitations are associated with this study. This
small, retrospective investigation included only 11 patients.
An algorithm has not been established for selecting VV or
VA-ECMO at the beginning and decisions to use VV-
ECMO are made by a senior surgeon. However, supporting
our patients using other mechanical devices was not a
viable option, and this procedure improved mortality in
patients who developed respiratory failure after heart sur-
gery using CPB.

Conclusion

Venovenous ECMO supports survival in patients who
develop severe acute respiratory failure after heart surgery
with CPB when the primary disabled organ is the lung.
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