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Purpose: This study was designed to assess the outcome of the extracorporeal membrane oxygenation (ECMO] in liver
transplantation (LT) recipients with refractory septic shock and predict the prognosis of those cases.

Methods: From February 2005 to October 2012, ECMO was used in 8 cases of refractory septic shock. Laboratory values
including lactate and total bilirubin level just before starting ECMO were obtained and sepsis-related organ failure
assessment (SOFA)] score, acute physiology and chronic health evaluation (APACH] Il score and simplified acute physiology
score (SAPS) 3 were calculated. Subsequent peak serum lactate and total bilirubin level, and SOFA score after 24 hours of
starting ECMO were measured.

Results: Comparisons were made between survivors and nonsurvivors. ECMO was weaned off successfully in 3 patients
(37.5%) and 2 patients (25%) survived to hospital discharge. Clinical scores including SOFA, APACH II, and SAPS3 and
laboratory results including lactate, total bilirubin and CRP were not significantly different between survivor and nonsur-
vivor groups. Lactate level and SOFA score tended to decrease after ECMO support in survivor group and total bilirubin and
CRP level tended to increase in nonsurvivor group.

Conclusion: Our findings suggest that the implantation of ECMO might be considered in highly selected LT recipients with

refractory septic shock.
[Ann Surg Treat Res 2017;93(3):152-158]
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INTRODUCTION

With the recent advances in the field of the surgery and care
in the intensive care unit (ICU), the outcome of liver trans-
plantation (LT) patients has improved. All LT recipients are
necessarily managed in the ICU for several days immediately
after LT. During this period, patients sometimes submit to re-
spiratory failure, cardiac failure, and sepsis, which are not only
related to liver graft function but also can influence patient
survival. Some of these critically ill patients prove unresponsive
to all conventional treatments. Extracorporeal membrane

oxygenation (ECMO) has surfaced as a salvage therapy for LT
recipients [1-7]. Previous studies reported usefulness of veno-
venous ECMO in adult LT recipients facing acute pulmonary
failure by prolonging the time to recovery from the preceding
critical illness [1,2]. Successful management of intraoperative
severe hypoxemia and cardiac arrest with ECMO were also
reported [4,0]. For septic shock unresponsive to all conventional
treatment, ECMO becomes a salvage therapy to consider in
neonates and children [89]. Furthermore, a recently published
study showed good long-term clinical outcomes and suggested
that ECMO might be a valuable option in adult patients with
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refractory cardiac dysfunction during severe bacterial septic
shock by providing extra time for recovery of the failing heart
and supporting the perfusion of major organs until cardiac
function spontaneous recovers [7,10]. However, there is no data
about the LT recipients supported by ECMO for septic shock.
Therefore, we investigated the clinical outcomes of adult LT
recipients supported by ECMO in response to refractory septic
shock from an ECMO registry at our institution.

METHODS

Study population
From March 2005 to September 2012, 854 patients underwent

LT procedures from 689 (80.7%) living and 165 (19.3%) deceased
donors. Of those, 24 recipients received ECMO support due
to cardiogenic shock (n = 5), septic shock (n = 8), respiratory
failure (n = 10), and hypovolemic shock (n = 1). Patients were
eligible for the study if they were 18 years of age or older; ECMO
was implanted for sepsis, defined as clinical signs of infection
and evidence of pathogenic microorganisms according to culture
or serological tests. The medical records of 8 recipients who
were supported by veno-arterial ECMO for septic shock were
retrospectively reviewed. ECMO was indicated along with the
treatment of sepsis in patients with refractory shock, defined
as evidence of organ hypoperfusion (extensive skin mottling,
progressive lactic acidosis, oliguria or altered mental status)
despite adequate intravascular volume and the inability to
maintain mean arterial pressure > 65 mmHg despite infusion
of a very high-dose of catecholamines (norepinephrine > 1 ug/
kg/min, dopamine > 20 pg/kg/min, or epinephrine > 1 ug/kg/
min with dobutamine > 20 pg/kg/min) [7]. The institutional
Review Board of Samsung Medical Center approved this study
and waived the requirement for written informed consent
(approval number: SMC 2016-08-038-001).

Patient management
The immunosuppression protocol and prophylaxis against

viral infection after LT are described in previous reports from
our center [11]. Tacrolimus, steroids, and mycophenolate mofetil
(MMF) were the primary agents used for immunosuppression
after LT. All transplant recipients were given 500 mg of intra-
venous methylprednisolone during the anhepatic phase until
postoperative day 2, this was tapered to 60 mg per day for a
period of 5 days, and then administered at 8 mg, twice per
day, for 1 month starting on postoperative day 8. Tacrolimus
treatment was started on postoperative day 3, and the optimal
blood level was adjusted to maintain a trough plasma concen-
tration of 10-15 ng/mL during the first month and was reduced
to 5-10 ng/mL thereafter. MMF was used in combination with
tacrolimus and steroids. Starting on postoperative day 1, 750-
mg MMF was administered twice a day.

HBV prophylaxis protocol for LT recipients was combination
regimen of high dose HBIG (human HBV-specific hepatitis B
immunoglobulin, Greencross, Seoul, Korea) with an oral nucleo-
tide analogue [12].

All patients enrolled in this study were managed with anti-
biotics, antiviral agent or antifungal agents against the iden-
tified pathogens based on in vitro susceptibility testing. Each
management plan was decided after discussion with infection
specialists in our institution.

ECMO implantation and management
An experienced team decided to implant ECMO for mech-

anical support, and cardiovascular surgeons or interventional
cardiologists placed the ECMO system at bedside or in a fluo-
roscopy. Capiox Emergency Bypass System (Capiox EBS, Terumo
Inc., Tokyo, Japan) and Permanent Life Support (PLS; MAQUET,
Rastatt, Germany) were used in our hospital.

Device insertion was performed by percutaneous cannulation
using the Seldinger technique. In difficult cases, the cut-down
method was used for cannulation. Cannula sizes ranged from
14F to 21F for the femoral artery and from 21F to 28F for the
femoral vein.

Detailed management of ECMO was previously described
[13] in which continuous unfractionated heparin was infused
intravenously to maintain an activated clotting time between
180 and 220 seconds. The revolutions per minute of the ECMO
device were initially set to achieve an ideal cardiac index >2.2
L/min/body surface area (m®) and were adjusted to target a
central mixed venous saturation >70% and a mean arterial
pressure >65 mmHg. Inotropes were discontinued or reduced
to minimal doses within a few hours of achieving goal-directed
flows.

Echocardiography was performed daily to monitor cardiac
function. If patients were hemodynamically stable and ade-
quately oxygenated, they were considered for ECMO weaning
when the flow rate was 1 I/min/m’ for 4 hours. Successful
weaning was defined when the patient was disconnected from
ECMO without reinsertion or death within 24 hours.

Data collection and outcome variables
Age, sex, primary liver disease, model for end-stage liver

disease score, infection site, microbiology result, and laboratory
data just before and during the first 24 hours of ECMO
implantation were obtained through medical record review.
Severity of illness at the commencement of ECMO implantation
was assessed by the simplified acute physiology score (SAPS)
3, sepsis-related organ failure assessment (SOFA), and acute
physiology and chronic health evaluation (APACHE) II score.
Those scores were recorded as the last value before initiation of
ECMO. Shock-to-ECMO duration was defined as the time from
the initiation of vasoactive drugs to the start of ECMO flow.
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Appropriate antibiotic therapy was considered if at least one of
the prescribed antibiotics on the day of the ECMO initiation
had sensitivity against the identified pathogen according to in
vitro susceptibility testing, The primary outcome of this study
was survival to hospital discharge. Other outcome variables
included successful weaning from ECMO, SOFA score on day 1,
peak CRP, peak total bilirubin, and peak lactate level. Alactate
was defined using the following formula: serum lactate level
just before the start of ECMO (pre-ECMO) minus the peak
serum lactate level during the ECMO support period.

RESULTS

Baseline characteristics
Among the 854 patients who underwent an LT procedure

between March 2005 and September 2012, a total of 8 recipients
aged 18 years or older with septic shock supported by veno-
arterial ECMO were enrolled in this study. The demographic
profiles are given in Table 1. Primary liver diseases were hepa-
tocellular carcinoma in 3 patients, HBV-related liver cirrhosis
in 3 patients, alcoholic liver cirrhosis in 1 patient, and toxic
hepatitis in 1 patient. These 8 patients were infected by various
organisms mainly in the abdominal cavity or in the lung (Table
2) and supported by ECMO due to refractory septic shock for a
median of 4 days (range, 1-13 days).

Clinical features of the 8 adult LT recipients are summarized
in Table 3. ECMO was initiated a median of 6.5 hours (range,
1-75 hours) after use of vasoactive drugs. Among the 8 patients,
6 (75%) received cardiopulmonary resuscitation and ECMO was
initiated a median of 41.5 minutes (range, 20-154 minutes)

Table 1. Demographic profiles of 8 adult liver transplant recipients

Patient

No. Sex Age (yr) Primary diagnosis
1 M 38 HCC
2 F 53 Liver cirrhosis, HBV
3 M 49 Liver cirrhosis, HBV
4 M 47 Liver cirrhosis, HBV
5 F 19 Toxic hepatitis
6 M 58 HCC
7 M 67 HCC
8 M 46 Liver cirrhosis, alcoholic
M:F (6:2) 48 (19-67)"

MELD ECMO ECMO

LT type score duration (day) weaning el
DDLT 21 8 Yes No
DDLT 50 3 Yes Yes
LDLT 30 1 No No
LDLT 25 4 No No
LDLT 35 4 No No
LDLT 16 13 Yes Yes
LDLT 6 7 No No
LDLT 24 2 No No
24.5 (6-50" 4 (1-13)” 3(37.5”  2(25.0)"

LT, liver transplantation; MELD, model for end-stage liver disease; ECMO, extracorporeal membrane oxygenation; HCC, hepatocellualr
carcinoma; DDLT, deceased donor liver transplantation; LDLT, living donor liver transplantation.
“Values are presented as median (range). "Values are presented as number (%).

Table 2. Infection characteristics

Patient No. Infection site Diagnostic specimen

1 Lung, ear Blood
TTA
Pus

2 Abdomen Blood
Peritoneal fluid
TTA

3 Abdomen, lung Blood
TTA

4 Abdomen Blood
Peritoneal fluid

5 Lung Blood

6 Abdomen Peritoneal fluid
TTA

7 Lung TTA

8 Abdomen, lung TTA
Peritoneal fluid
Pleural fluid

TTA, transtracheal aspiration.
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Documented microorganism Appropriate antibiotics

Burkhoderia capacia Yes
Pseudomonas auroginosa Yes
Acinetobacter baumannii Yes
Candida glabrate Yes
Candida glabrate Yes
Acinetobacter baumannii Yes
Klebsiella pneumoniae Yes
Pseudomonas auroginosa Yes
Klebsiella pneumoniae Yes
Pseudomonas auroginosa Yes
Coagulase negative staphylococcus Yes
Acinetobacter baumannii Yes
Acinetobacter baumannii Yes
Acinetobacter baumannii Yes
Acinetobacter baumannii No
Acinetobacter baumannii No
Acinetobacter baumannii No



APACHE I
score
28
29

SAPS3

score
79
92

score
19
20

SOFA

LVEF (%)
10
30

Troponin |
(ng/mL)
2.56
11.31

Lactate
(mmol/L)
9.5

20.6

(mg/dL)
0.8
6.7

Total bilirubin

CRP
(mg/dL)
7.87

3.31

28
20

Yes

to ECMO duration (min)
Yes

(hr)

ECMO  CPR prior Arrest to ECMO

Shock to
duration

Table 3. Clinical features of the 8 adult liver transplant recipients at ECMO commencement
No.

Patient
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= 9 later. Six patients (75%) underwent echocardiography, and
TS 5 patients (83.3%) had left ventricular dysfunction with an
FTRIRS 8 j:‘:j ejection fraction <50%. The median SOFA score was 19 (range,
2 E 12-22), the median SAPS3 score was 86.5 (range, 68-106), and
: 2 the median APACHE II score was 33.5 (range, 26-41) at just
S o before EMCO initiation.
S®ON®©®F 3
- el - Clinical outcomes
-
< & Of 8 patients, 7 were managed with an appropriate antibiotics
o
= |3 regimen. Three patients (375%) were successfully weaned from
o~
o T‘f ECMO, but only 2 (25%) survived until hospital discharge.
[}
A L Survivors did not experience ECMO related complications
z g such as cannulation site bleeding, limb ischemia, or procedure-
5 :(1 related infections. Among 5 patients who failed to attempt
L coco o E 5 weaning, one suffered from graft versus host disease (GVHD),
N = — -
= U; one was on a chemotherapy course against posttransplant
i lympho-proliferative disease (PTLD), and one had toxic cerebral
G Q
R dysfunction.
) c
bl S
oI AN ISR e = . . o
S2Z35028 8 Comparison of survivors and nonsurvivors
- s Median age was 55.5 years (range, 53-58 years) in survivor
E T;; group and 465 years (range, 19-67 years) in nonsurvivor group.
= | E Shock to ECMO duration was 25 hours (range, 7-43 hours)
s 2 . in survival group and 6 hours (range, 1-75 hours). At just
Nl m 1Eg before ECMO start, median serum lactate level, CRP, and total
e nSesng g bilirubin were 12.8 mmol/L (range, 9.5-16 mmol/L), 10.8 mg/dL
& 5 = (range, 79-13.6 mg/dL), and 49 mg/dL (range, 3.1-6.7 mg/dL) in
= 5 TE survivor group and 123 mmol/L (range, 6.7-20.6 mmol/L), 4.5
=~ EC mg/dL (range, 0.5-14.1 mg/dL), and 2.75 mg/dL (range, 0.8-4.9
. 5
oo o i 3T mg/dL) in nonsurvival group. Meidan SOFA score was 16 (range,
ST -G £ o 12-20) in survivor group and 19 (range, 14-22) in nonsurvivor
se
S| 3 5t group. In the survivor group, the lactate levels and the SOFA
R 2 5 2 scores tended to decrease over the course of ECMO treatment,
. =T g
al353 and in the nonsurvivor group, the total bilirubin and CRP levels
- s TS g&% tended to increase (Fig, 1).
— 1N O v O | 5= &%
S —0l 089
— — = L o
o ELe DISCUSSION
N A
0 Ts
Lo Lw
c 359
= .é &= The present study was dedicated to investigate how well
2| g fz? ECMO performs as rescue therapy for adult LT recipients with
1 10 o < DU = . e .
N g 2D refractory septic shock. The main findings of this study are as
- LW y sep g y
n o< é follows: (1) the survival of adult LT recipients with refractory
= _§ << septic shock was 25% (2 of 8) in spite of ECMO support, (2) the
2 RS
v o onndlb ;_cg serum lactate level and SOFA score tended to decrease over the
==zz==20 E %D 2 course of ECMO treatment in the survivor group, (3) the serum
18T total bilirubin and CRP levels tended to increase in the non-
s 8-_'5. g survivor group.
2eoevag-d § 3 s Infections are the leading causes of critical illness, morbidity,
QxS S and mortality after LT. It has been estimated that more than
o f‘f g half of patients will develop an infection during the first year
RAR L §, é‘ 3 after LT, and many of these patients will require care in the ICU
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Lactate CRP
254 —=— Nonsurvivor 30 4 —— Nonsurvivor
—=— Survivor —=— Survivor
5 20- _
> -
£ i E 20
EW 2
Py | S
510 10
5] M O
8 54
T 1 O T
Pre-ECMO Peak Pre-ECMO Peak
§ 12.8 2.8 10.8 1.7
5 (9.5-16) (1.8-3.8) (7.9-1.3) (7.9-15.6)
o 12.3 15 45 9.1
2 g (6.7-20.6) (11.3-20.9) (0.5-14.1) (5.0-25.2)
]

Total bilirubin SOFA
30 7 —— Nonsurvivor 30 1
= —=— Survivor
o
ES)
£ 20 20 -
= 2
E 3
3 10 A 10 4
s —— Nonsurvivor
i) —=— Survivor
0 T 1 O T 1
Pre-ECMO Peak Pre-ECMO 1 Day
4.9 4.4 16 12
(3.1-6.7) (2.0-6.8) (12-20)  (11-13)
2.75 13.6 19 19
(0.8-4.9) (3.2-25.6) (14-22) (10-24)

Fig. 1. In the survivor group, the lactate level and the SOFA score tended to decrease over the course of ECMO treatment, and
in the nonsurvivor group, the total bilirubin and CRP level tended to increase. SOFA, sepsis-related organ failure assessment;

ECMO, extracorporeal membrane oxygenation.

[14,15]. Bacteremia associated mortality ranges from 10%-52%
in LT recipients and is higher in recipients with bacteremia due
to 'ESKAPE" pathogens which stands for Enterococcus faecium,
Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter
baumannii, Pseudomonas aeruginosa, and Enterobacter species
[16]. These ESKAPE pathogens are emerging issues within solid
organ transplantation recipients due to their wide distribution
and capability of escaping the effect of antimicrobial treatment
by acquisition of resistance genes, as well as formation of
biofilms. Ouyang el al. [17] demonstrated that to improve the
outcome of LT, more effective therapeutic treatments are of
paramount importance, especially when a liver transplant
recipient with an ESKAPE infection presents with septic shock.
ECMO is a possible rescue therapeutic option for refractory
septic shock [10,18], and it can be used in ESKAPE infection
cases to improve patients outcomes. In this case, ESKAPE
pathogens were isolated from the blood, peritoneal fluid,
pleural fluid, and transtracheal aspiration (Table 2). The survival
to hospital discharge was 25% (2 of 8) and remained low despite
ECMO support. However, we believe that the 2 survivors got
chance to be recovered with the ECMO support.

There are no absolute contraindications to ECMO, and each
patient should be evaluated on a case-by-case basis and in the
context of the individual center's experience [19]. Disseminated
malignancy, advanced age, GVHD, known severe brain injury,
and cardiac arrest of prolonged duration were presented as
contraindications [20]. In this study, among the 6 patients
who failed to survive to hospital discharge, one suffered from
GVHD, one was on a chemotherapy course against PTLD, and
one had toxic cerebral dysfunction. To improve the outcome of
ECMO support for LT recipients with refractory septic shock, it
is necessary to confirm the contraindication of our institution

and implant ECMO for more selective patients.

Old age (>60 years) has been presented as risk factors of
mortality in previous studies [18]. However, median ages were
not significantly different between survivor and nonsurvivor
groups in our study and we could not find the effect of old age
(>60 years) since only 1 patient was over 60 years old. Park
et al. [7] reported that none of the patients in whom ECMO
was initiated more than 305 hours after onset of septic shock,
survived. In our study, ECMO was initiated 7 and 43 hours
after onset of septic shock. Even though we could not indicate
absolute time of ECMO application, we recommend that
ECMO should be considered when there is evidence of organ
hypoperfusion despite adequate intravascular volume and
the inability to maintain mean arterial pressure >65 mmHg
despite infusion of a very high-dose of catecholamines as soon
as possible for the better patient outcome.

During ECMO support, the trend in serum lactate level, CRP
level, and SOFA score over time could be used to reflect patient
response to ECMO support and offer an objective evaluation of
treatment response [2,21,22]. In this study, serum lactate level,
CRP level, and SOFA score showed a different trend between
the survivor group and nonsurvivor group. Total bilirubin level,
which has been shown to be a predictor of death after liver
resection in the ICU [23], also showed a different trend between
2 groups. We believe this result reflects the importance of
maintained liver function for recovery from the septic shock
in LT recipients, and total bilirubin level should be monitored
during ECMO support to predict the outcome. This hypothesis
should be confirmed in a well-designed prospective trial or one
with a large data registry.

This study had limitations that need to be addressed. This
study presented a single-center experience with the application
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of ECMO in small number of adult LT recipients with refractory
septic shock. Moreover, this was a retrospective study, using a
limited number of patients. Therefore, the study setting limited
the strength and generalizability of the results. Nevertheless, to
the best of our knowledge, this is the first study to describe the
use of ECMO for LT recipients with refractory septic shock and
it will help in generating hypotheses for further research.

In conclusion, survival to hospital discharge of adult LT
recipients with refractory septic shock remains low in spite
of ECMO support. According to the findings of this study, we

suggest that the use of veno-arterial ECMO during refractory
septic shock could be considered in adult LT recipients and
well-organized protocol outlining patient selection, monitoring
of predictors and management of ECMO is necessary.
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