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Abstract Liver abscess remains a life-threatening dis-
ease, particularly when it results in systemic organ failure
necessitating intensive care. Only few cases of respiratory
failure caused by liver abscess and treated with veno-
venous extracorporeal membrane oxygenation (ECMO)
have been reported. Here we present a case of liver abscess
with rapid progression of multiple organ dysfunction,
including severe acute respiratory failure on admission to
the intensive care unit (ICU). Upon admission, we imme-
diately initiated artificial organ support systems, including
ventilator, continuous renal replacement therapy, and car-
diovascular drug infusion for septic multiple organ failure
and source control. Despite this initial management, respi-
ratory failure deteriorated and V-V ECMO was introduced.
The case developed abdominal compartment syndrome, for
which we performed a bedside decompressive laparotomy
in the ICU. The case gradually recovered from multiple
organ failure and was discharged from the ICU on day 22
and from the hospital on day 53. Since liver abscess is
potentially lethal and respiratory failure on admission is an
additional risk factor of mortality, V-V ECMO may serve as
an adjunctive choice of artificial organ support for cases of
severe acute respiratory failure caused by liver abscess.
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Introduction

Liver abscess remains a life-threatening illness when
patients develop organ failure, including circulatory,
respiratory, and renal failure, and need intensive care [1, 2].
The clinical symptoms of liver abscess include abdominal
pain, fever, and lethargy, and are non-specific and some-
times even asymptomatic. However, liver abscess can
rapidly develop into a systemic infection via the liver cir-
culatory system, resulting in a serious and potentially fatal
condition [1, 2]. Here we present a case of multiple organ
failure, including severe acute respiratory failure, caused
by liver abscess and treated with veno-venous extracor-
poreal membrane oxygenation (ECMO).

Case report

An 80-year-old man was transferred from another hospital
to the emergency department of the hospital with rapid
progression of multiple organ failure. The case’s medical
history included hypertension, hyperuricemia, and atrial
fibrillation. He experienced the earliest symptoms of
abdominal pain and lethargy 5 days prior to transfer to our
hospital. Three days after onset of these initial symptoms,
he developed high fever (39 °C) and was initially admitted
at another hospital with a suspected infection. He was
administered intravenous piperacillin/tazobactam; how-
ever, he rapidly developed multiple organ failure and was
transferred to our emergency department (ED).

Upon admission to the ED, he had an axillary temper-
ature of 35.2 °C, respiratory rate of 26 breaths per minute,
blood pressure (BP) of 61/48 mm Hg, and heart rate (HR)
of 102 beats per minute; oxygen saturation was 96 % while
breathing 100 % oxygen with a reservoir mask. The
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Glasgow Coma Scale score was E3V5M6. The abdomen
was tender without rigidity. Arterial blood gas analysis
showed a pH of 7.287, PO, of 91.4 mm Hg, PCO, of
30.7 mm Hg, base excess of —11.0 mmol/L, and blood
lactate level of 2.5 mmol/L (Supplementary Table 1).
Transthoracic echocardiography revealed that the inferior
vena cava was 6 mm with an inspiratory collapse and no
impairment of ventricular wall motion. Crystalloid fluid
bolus of 30 mL/kg for initial fluid resuscitation of septic
shock followed by administration of norepinephrine of
0.2 pg/kg/min elevated the mean arterial pressure over
65 mmHg (BP 125/55, HR 128). Due to circulatory and
respiratory failure, endotracheal intubation and mechanical
ventilation were subsequently initiated (Fig. la). Com-
puted tomography (CT) revealed two gas-forming liver
abscesses in segment 6 with portal venous gas (size
17 x 18 x 19 mm, 31 x 25 x 36 mm) (Fig. 1b, ¢).
Laboratory tests revealed bacterial infection, inflammation,
coagulopathy, and acute kidney injury (AKI) (Supple-
mentary Table 1). Empiric broad-spectrum antimicrobial
therapy using intravenous meropenem was initiated. After

Fig. 1 a Chest X-ray on
emergency department
admission. b, ¢ Two gas-
forming liver abscesses in
segment 6 with portal venous
gas (size 17 x 18 x 19 mm,
31 x 25 x 36 mm). d Chest
X-ray on day 8 (withdrawal of
ECMO)
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the CT scan, he was moved to the ICU at 1.5 h after the ED
admission. The sequential organ failure assessment
(SOFA) score was 18 and acute physiology and chronic
health evaluation (APACHE) II score was 33 on ICU
admission.

Upon ICU admission, echocardiographic and hemody-
namic monitoring revealed insufficient preload and
increased vascular permeability without impairment of
ventricular wall motion. Consecutive fluid therapy, vaso-
pressor infusion targeting a mean arterial pressure of
65 mmHg, and acute low-dose corticosteroid therapy for
septic shock were performed. The blood lactate level
peaked at 30 min after ICU admission (5.1 mmol/L, BP
105/51, HR 125), followed by improvement. Arterial pH,
base excess and lactate levels returned to the normal range
18 h after ICU admission (BP 152/89, HR 95) and remained
within the normal range during ICU stay. Continuous he-
modiafiltration using a polymethylmethacrylate hemofilter
for AKI caused by septic shock was initiated 2 h after ICU
admission [3]. An ultrasound-guided percutaneous tran-
shepatic drainage abscess tube was successfully inserted 3 h
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after ICU admission. While the initial management of septic
shock improved hemodynamic status, hypoxemia and
hypercapnia deteriorated. The PaO,/FiO, (P/F) ratio
decreased from 89 on ICU admission to 67, with an elevated
PaCO, of 96 mmHg 5 h after admission, despite increasing
PEEP to 15 cmH,O and switching to airway pressure
release ventilation with a Py, of 25. The Murray score was
3.5. Therefore, veno-venous extracorporeal membrane
oxygenation (VV-ECMO) from the femoral to the jugular
vein [right femoral 21Fr (Medtronic); right jugular 13.5Fr
(Terumo)] was initiated and maintained with blood flow set
at 3.5 L/min [equals to 55 mL/kg/min, (recommended flow
range in the ELSO Guidelines [4], 50-80 mL/kg/min)],
oxygen flow at 3.5 L/min, the V:Q ratio and F;0, of the
artificial lung at 1.0 (Blood pump, CAPIOX emergency
bypass system; artificial lung CAPIOX LX, Terumo). Per-
cutaneous ECMO cannulas were inserted under ultrasound
guidance and subsequently cannula positions were con-
firmed using X-ray. During ECMO, heparin was titrated to
maintain the activated clotting time between 180 and 220 s,
resulting in no serious bleeding or thrombotic adverse
events. Although hypoxemia improved upon VV-ECMO,
he had progressive abdominal distension and developed
abdominal compartment syndrome (ACS). The intra-
abdominal pressure was >20 mmHg, and decompressive
laparotomy followed by temporary abdominal vacuum-
packing closure was immediately performed 3 h after
ECMO initiation in the ICU. Intraoperative finding indi-
cated that peritoneal tissue edema leaded to ACS. After this
initial management, the progression of organ failure halted.
Peptostreptococcus micros was isolated from the blood, and
the abscess aspirated. Multiple organ failure gradually
recovered and the patient was weaned off vasopressor
infusion on day 4. Subsequently, the patient was weaned off
ECMO for severe respiratory failure, and ECMO was
stopped on day 8 (Figs. 1d, 2). There was no abnormality
observed in ECMO devices after use including blood clot-
ting. CHDF for AKI was terminated on day 15 and he was
weaned off and removed from the ventilator on day 21. He
was discharged from the ICU to a general ward on day 22
and was discharged for rehabilitation on day 53.

Discussion

Liver abscess is still a life-threatening disease. The asso-
ciated mortality is high, in particular in critically ill
patients admitted to ICU (28 %) [1], compared to hospi-
talized patients (4—10 %) [1, 2, 5, 6]. It was reported that
the size of liver abscess, pathogens, or comorbidities were
not associated with the mortality of critically ill patients
with liver abscess, whereas non-survivors more frequently
had acute respiratory failure, septic shock, and renal failure
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Fig. 2 Aurtificial organ support and PaO,/F,O, during ICU stay

on the first day of admission to ICU compared to survivors
[1]. Furthermore, using a multivariate regression analysis,
the same study showed that acute respiratory failure and an
APACHE II score >16 were independently associated with
increased mortality of liver abscess in ICU [1]. Moreover,
two additional studies of liver abscess, which were not
limited to the ICU patients, demonstrated that APACHE II
scores of >16, septic shock, acute respiratory distress
syndrome (ARDS) on admission, development of multiple
organ failure, and gas formation were significant predictors
of mortality [2, 6]. The present case with a gas-forming
liver abscess had septic shock, respiratory failure, renal
failure and an APACHE II score of 33 on ICU admission,
and, based on these reports, had a substantial risk factors
for liver abscess fatality.

The respiratory failure was notably critical in this case
and ECMO was required on the first day of ICU admission.
Although acute respiratory failure is a risk factor for
mortality in liver abscess, ECMO for respiratory failure in
liver abscess is rare in general, but a similar case was
reported [7]. The subject in that reported case also suffered
severe respiratory failure after source control and required
potent respiratory support by ventilator for 5 days, result-
ing in pneumothorax, followed by prolonged ECMO sup-
port for 47 days [7]. In our case, ECMO was initiated on
the first day of ICU admission and weaned off on day 8
without the need of changing ECMO equipments including
larger sized cannulas and extracorporeal circulation devi-
ces designed for long-term bypass. Early initiation of
ECMO with non-invasive ventilator support may result in
early weaning off ECMO. There was a significant
improvement of lung in chest X-ray on day 8, including an
increase of normal lung area, compared to day 1 (Fig. la,
d), suggesting that liver abscess might cause a diaphrag-
matic elevation, abnormal respiratory pattern and increased
pulmonary vascular permeability on day 1.
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The use of ECMO to treat acute respiratory failure is
increasing [8—10]. V-VECMO for adult patients with sep-
sis-induced acute respiratory failure or pneumonia is not
rare, while veno-arterial ECMO for adult patients with
refractory septic shock is rare and remains unsatisfactory
[11]. In this liver abscess case, acute respiratory failure was
mainly caused by pulmonary edema due to an increased
vascular permeability, which is called “extrapulmonary”
ARDS (also referred to as “secondary” or “indirect”
ARDS) [12]. ECMO for extrapulmonary ARDS is not rare,
and accounted for 28 % of study subjects in a multicenter
randomized controlled trial showing efficacy of ECMO for
severe adult respiratory failure [13].

Abdominal compartment syndrome may represent a
possible complication with ECMO and the increased per-
meability may contribute to its occurrence [14, 15]. De-
compressive laparotomy is a traditional intervention for
abdominal compartment syndrome [16]. Decompression by
drained fluid using a peritoneal dialysis catheter was also
reported in children with ACS during ECMO[17]. We
successfully introduced a rescue bedside laparotomy in the
ICU. The bedside decompressive laparotomy may be an
appropriate therapy during ECMO in the ICU [18].

To conclude, we reported a case of multiple organ
failure, including severe respiratory failure that was treated
with V-V ECMO. Since liver abscess is potentially lethal,
and as respiratory failure, in particular on admission, is a
risk factor for mortality, V-V ECMO may represent an
adjunctive choice to avoid fatality in cases of severe acute
respiratory failure caused by liver abscess.
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